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Acerca de este libro 


Esta es una copia digital de un libro que, durante generaciones, se ha conservado en las estanterias de una biblioteca, hasta que Google ha decidido 
escanearlo como parte de un proyecto que pretende que sea posible descubrir en linea libros de todo el mundo. 


Ha sobrevivido tantos años como para que los derechos de autor hayan expirado y el libro pase a ser de dominio público. El que un libro sea de 
dominio publico significa que nunca ha estado protegido por derechos de autor, o bien que el periodo legal de estos derechos ya ha expirado. Es 
posible que una misma obra sea de dominio público en unos paises y, sin embargo, no lo sea en otros. Los libros de dominio público son nuestras 
puertas hacia el pasado, suponen un patrimonio histórico, cultural y de conocimientos que, a menudo, resulta dificil de descubrir. 


Todas las anotaciones, marcas y otras señales en los márgenes que estén presentes en el volumen original aparecerán también en este archivo como 
testimonio del largo viaje que el libro ha recorrido desde el editor hasta la biblioteca y, finalmente, hasta usted. 


Normas de uso 


Google se enorgullece de poder colaborar con distintas bibliotecas para digitalizar los materiales de dominio público a fin de hacerlos accesibles 
a todo el mundo. Los libros de dominio publico son patrimonio de todos, nosotros somos sus humildes guardianes. No obstante, se trata de un 
trabajo caro. Por este motivo, y para poder ofrecer este recurso, hemos tomado medidas para evitar que se produzca un abuso por parte de terceros 
con fines comerciales, y hemos incluido restricciones técnicas sobre las solicitudes automatizadas. 


Asimismo, le pedimos que: 


+ Haga un uso exclusivamente no comercial de estos archivos Hemos diseñado la Búsqueda de libros de Google para el uso de particulares; 
como tal, le pedimos que utilice estos archivos con fines personales, y no comerciales. 


+ No envíe solicitudes automatizadas Por favor, no envíe solicitudes automatizadas de ningún tipo al sistema de Google. Si esta llevando a 
cabo una investigación sobre traducción automática, reconocimiento óptico de caracteres u otros campos para los que resulte util disfrutar 
de acceso a una gran cantidad de texto, por favor, envienos un mensaje. Fomentamos el uso de materiales de dominio publico con estos 
propósitos y seguro que podremos ayudarle. 


+ Conserve la atribución La filigrana de Google que verá en todos los archivos es fundamental para informar a los usuarios sobre este proyecto 
y ayudarles a encontrar materiales adicionales en la Búsqueda de libros de Google. Por favor, no la elimine. 


+ Manténgase siempre dentro de la legalidad Sea cual sea el uso que haga de estos materiales, recuerde que es responsable de asegurarse de 
que todo lo que hace es legal. No dé por sentado que, por el hecho de que una obra se considere de dominio público para los usuarios de 
los Estados Unidos, lo será también para los usuarios de otros países. La legislación sobre derechos de autor varía de un país a otro, y no 
podemos facilitar información sobre si está permitido un uso específico de algún libro. Por favor, no suponga que la aparición de un libro en 
nuestro programa significa que se puede utilizar de igual manera en todo el mundo. La responsabilidad ante la infracción de los derechos de 
autor puede ser muy grave. 


Acerca de la Búsqueda de libros de Google 


El objetivo de Google consiste en organizar información procedente de todo el mundo y hacerla accesible y útil de forma universal. El programa de 
Búsqueda de libros de Google ayuda a los lectores a descubrir los libros de todo el mundo a la vez que ayuda a autores y editores a llegar a nuevas 


audiencias. Podrá realizar búsquedas en el texto completo de este libro en la web, en la paginajhttp: //books.google.com 
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This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world’s books discoverable online. 


It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that’s often difficult to discover. 


Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book’s long journey from the 
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Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 


We also ask that you: 


+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 


+ Refrain from automated querying Do not send automated queries of any sort to Google’s system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 


+ Maintain attribution The Google “watermark” you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 


+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can’t offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book’s appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 
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JOURNAL OF THE SOCIETY OF ARTS. 


No. 2,505. ] 


FRIDAY, NOVEMBER 23, 1900. 


(Vor. XLIX. 


ONE-HUNDRED-AND-FORTY-SEVENTH SESSION, 1899-1900. 


COUNCIL. 
H.R.H. THE PRINCE OF WALES, K.G., President of the Society. 
Sır Joun Evans, K.C.B.. E.R.S., Vice-President and Chairman of the Council. 


H.R.H. tur Duke or York, K.G., Vice-Pres. 


Pres. 
Duke or Apgrcorn, K.G., C.B., Vice-Pres. 
Lord Avegsvury, D.C.L., F.R.S., Vice-Pres. 
Sır Benjamin Raker, K.C.M.G., P.R.S., Vice-Pres. 
Sır Joun Wore Barry, K.C.B., F.R.S. 
Sm Steuart Couvin Bayley, K.C.S.I., C.I.E., Vice-Pres. 
Lorn BELHAVEN AND STENTON, Vsce- Pres. 
Sır Freperick Bramwe tt, Bart., D.C.L., F.R.S., Treasurer. 
Majyor-GeneraAL Sır Owen Tupor Burne, G.C.LE., 
K.C.S.1., Vice-Pres. 
Micuagt Carraicue, F.C.S., Vice-Pres. 
R. Brupenett Carter, F.R.C.S., Vice-Pres. 
B. Francis Coss, Treasurer. 
Lewis Foreman Day. 
Sm Epwin Durninc-Lawrence, Bart., M.P., Vice-Pres. 
Henry Grawam Harris, Vice-Pres. 
Tue Lord Cuigr Justice, G.C.M.G., Vice-Pres. 


| Sır CuarLes Marcom Kaennepy, K.C.M.G., C.B., Vice- 
Sır Frepgrick AsreL, Bart., K.C.B., D.C.L., F.R.S., Vice- | 


Pres. 
Sır WıLLiam Lez-WarneR, K.C.S.I., M.A. 
Sır Vituizrs Lister, K.C.M.G., Vice-Pres. 
Lupwic Monn, Ph.D., F.R.S., Vece-Pres. 
Hon. RicHArgp Crere PARSONS, Vice-Pres. 
Sm Weastsy B. Percevat, K.C.M.G. 
Sır Wittiam Henry Prasce, K.C.B., F.R.S. 
Sm WALTRR S. PrRIDEAUX. l i 
Sır WiLLiAm CHANDLER RoprRrTS-AUSTEN, K.C.B., F.R.S. 
Sır Owen Roserts, M.A., D.C.L., F.S.A., Vice-Pres. 
ALEXANDER SIEMENS. 
Lorn StTRATHCONA AND Mount Roya, G.C.M.G., LL.D., 


Vice-Pres. 
Sır Tuomas SutHercanp, G.C.M.G., M.P., Vice-Pres. 
JosgrH Wison Swan, F.R.S. 
Pror. Joun MıLLAR THomson, LL.D., F.R.S. 
Joun I. THornycrort, F.R.S. 


Be Wiiuiam) Henry Wue, K.C.B.. LL.D., F.R.S., 
ice- 


SECRETARY. a 
Sır Henry Trueman Woop, M.A. 


Assistant Secretary.—Henry B. WueartLery, F.S.A. 
Chief Clerk.—Grorce DAVENPORT. 


Accountant.—J. H. BUCHANAN. 


Assistant Secretary for the Indian and Colonial 
Sections.—SamuEL Dicsy. 


Audttors.—Knox, Cropper & Co. 


SESSIONAL ARRANGEMENTS. 


The Opening Meeting of the One-Hundred-and-Forty-Seventh Session was held on 
Wednesday evening, the 21st of November, when an Address was delivered by SIR JOHN 
Evans, K.C.B., F.R.S., Vice-President and Chairman of the Council. 


Wednesday Evenings at 8 o’clock :— 


The following arrangements have been made for meetings before Christmas :— 


NOVEMBER 28.—MAJOR RONALD Ross, “Malaria and Mosquitoes.” 
LL.D., F.R.S., will preside. 
DECEMBER 5§.—Pror. H. S. HELE-SHAW, LL.D., F.R.S., “Road Traction.” 


BINNIE will preside. 


se 12.—PROF. FRANK CLOWES, D.Sc., “The Treatment of London Sewage.” 


Pror. E. RAY LANKESTER, 
SIR ALEXANDER 


Sır JOHN 


Evans, K.C.B., F.R.S., Chairman of the Council, will preside. 
j 19.—W. T. MauD (Special Artist to the Graphic), ‘The Siege of Ladysmith.” 


Papers for meetings after Christmas :— 


Pror. ROBERTS BEAUMONT, “ Recent Inventions in Weaving Machinery.” 


ELMER Z. TAYLOR, “ Multicolour Printing.” 


ProF. RAPHAEL MELDOLA, F.R.S., ‘‘ The Synthesis of Indigo.” 
Siz JosHua FITCH, LL.D., ‘ School Work in Relation to Business.” 
Percy T. Macquor, “ Evolution of Form in English Silver Plate.” 


A. A. JOHNSTON, ‘Clocks, Carillons, and Bells.” 


F. B. BenR, “ The Proposed High-Speed Electrical ‘ Monorail’ between Liverpool and Manchester.” 
H. SNOWDEN WARD, ‘‘ Photography of Natural Colours by the McDonough-Joly Process.” 
Dr. W. SCHLICH, * The Outlook for the World’s Timber Supply.” 


ALEXANDER SIEMENS, ‘‘ Patent Law Reform.” 


LIEUTENANT ARTHUR TREVOR DAWSON, late R.N., “ Modern Artillery,” 
R, BRUDENELL CARTER, F,R.C,S., “ Testing Distant Vision,” 
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INDIAN SECTION. 
The meetings of this Section will take place on the following Thursday Afternoons at 4.30 
o'clock :— | 


January 17, February 14, 28, March 14, April 18, May 16. . 


COLONIAL SECTION. 
The meetings of this Section will take place on Tuesday Afternoons at 4.30 o’clock :— 
January 22, February 19, March 19, April 30. 


APPLIED ART SECTION. 
The meetings of this Section will take place on the following Tuesday evenings at 8 o’clock : — 
January 15, 29, February 12, March 12, April 16, May 21. 


CANTOR LECTURES. 


The following courses of Cantor lectures will be delivered on Monday Evenings at 8 o’clock :— 
(N.B.—Lecture II. of the First Course wilt be on a Tuesday.) 


PROF. JOHN A. FLEMING, M.A., D.Sc., F.R.S., “Electric Oscillations and Electric Waves.” 
Four Lectures. 


Lecrure I.—NovemBer 26.—Electric Oscillatrons.—The Production of Electric Oscillations—The Factors De- 


termining their Frequency and Energy—Secondary Oscillations—Magnetic, Thermal, and other Effects produced 
by Electric Oscillations. 


Lrecrure II.—Tvuespay, DECEMBER 4.—Electric Resonance.—The Free Period of Vibration of an Electrical Sy stem— 


Tuned or Resonant Circuits—Damping of Oscillations—Good and Bad Radiating Circuits—Electric Resonance 
as a Phenomenon in Optics. 


Lecture III.—DecrmBer 10.— The Electromagnetic Medium.—The Two Constants of the Medium—The Unitary 
Ratio “ v ’—Study of Dielectric Constants—Maxwell’s Law— Low Temperature Effects. 

Lecturx [V.—DrcemBer 17.—Electric Waves.—Hertz's Discoveries—Production of Electric Waves—Ex -crimental 
Study of their Properities—Electro-optical Phenomena—Keflection, Refraction, Absorption, and Polarization of 
Electric Waves, and Apparatus for their Detection and Measurement. 


J. LIBERTY TADD, ‘‘ Elementary Art Education.” Four Lectures. 
January 14, 21, 28, February 4. 
W. J. Pope, ‘‘ The Bearings of Geometry on the Chemistry of Fermentation.” Four 
Lectures. 
February 11, 18, 25, March 4. 
MAJOR P. CARDEW, “ Electric Railways.’’ Three Lectures. 
March 11, 18, 25. 


SIR WILLIAM CHANDLER ROBERTS-AUSTEN, K.C.B., F.R.S., ‘‘ Alloys.” Four Lectures. 
April 22, 29, May 6, 13. 


JUVENILE LECTURES. 
Two lectures, suitable for a juvenile audience, will be delivered on Wednesday Afternoons, 
January 2 and g, at half-past Four o’clock, by E. WALTER MAUNDER, F.R.A.S., Super- 
intendent of the Solar Department, Greenwich Observatory, on ‘‘ Eclipses.” 


CONVERSAZIONE. 


The Annual Conversazione of the Society will probably be held on Wednesday, June 19. 
Each member is entitled to a card for himself, and one for a lady. 


PROCEEDINGS OF THE SOCIETY. 

CHARTER.—THE SOCIETY OF ARTS was founded in 1754, and incorporated by Royal 
Charter in 1847, for ‘‘The Encouragement of the Arts, Manufactures, and Commmerce of the 
Country, by bestowing rewards for such productions, inventions, or improvements as tend to the 
employment of the poor, to the increase of trade, and to the riches and honour of the kingdom ; 
and for meritorious works in the various departments of the Fine Arts; for Discoveries, Inven- 
tions, and Improvements in Agriculture, Chemistry, Mechanics, Manufactures, and other useful 
Arts; for the application of such natural and artificial products, whether of Home, Colonial, or 
Foreign growth and manufacture, as may appear likely to afford fresh objects of industry, and 
to increase the trade of the realm by extending the sphere of British commerce ; and generally 
to assist in the advancement, development, and practical application of every department or 
science in connection with the Arts, Manufactures, and Commerce of this country,” 


November 23,1900.) JOURNAL OF THE SOCIETY OF ARTS, “3 

THE SESSION.—The Session commences in November, and ends in June. 

ORDINARY MEETINGS.—At the Wednesday Evening Meetings during the Session, papers 
on subjects relating to inventions, improvements, discoveries, and other matters connected with 
the Arts, Manufactures, and Commerce of the country are read and discussed. 

INDIAN SECTION.—This Section was established in 1869, for the discussion of subjects 
connected with our Indian Empire. Six or more Meetings are held during the Session. 

COLONIAL SECTION.—The Section was formed in 1874 under the title of the African 
Section, for the discussion of subjects connected with the Continent of Africa. It was enlarged 
in 1879, so as to include the consideration of subjects connected with our Colonies and 
Dependencies. Four or more Meetings are held during the Session. 

APPLIED ART SECTION.—This Section was formed in 1886, for the discussion of subjects 
connected with the industrial applications of the Fine Aris. Six or more Meetings are held 
during the Session. 

CANTOR LECTURES.—These Lectures orginated in 1863, with a bequest by the late Dr. 
Cantor. There are several Courses every Session, and each course consists generally of from 
two to six Lectures. 

ADDITIONAL LECTURES.—Special Courses of Lectures are occasionally given. 

JUVENILE LECTURES.—A Short Course of Lectures, suited for a Juvenile audience, is 
delivered to the Children of Members during the Christmas Holidays. 

ADMISSION TO MEETINGS.—Members have the right of attending the above Meetings and 
Lectures. They require no tickets, but are admitted on signing their names. Every Member 
can admit fwo friends to the Ordinary and Sectional Meetings, and ome friend to the Cantor 
and other Lectures. Books of tickets for the purpose are supplied to the Members, but admis- 
sion can be obtained on the personal introduction of a Member. For the Juvenile Lectures 
special tickets are issued. 

JOURNAL OF THE SOCIETY OF ARTS.—The Journal, which is sent free to Members, is 
published weekly, and contains full Reports of all the Society’s Proceedings, as wel as a variety 
of information connected with Arts, Manufactures, and Commerce. 

EXAMINATIONS.—Examinations, founded in 1853, are held annually by the Society, through 
the agency of Local Committees, at various centres in the country. They are open to any 
person. The subjects include the principal divisions of a Commercial Education, and Music. 
A Programme, containing detailed information about the Examinations, can be had on applica- 
tion to the Secretary. 

LIBRARY AND READING-ROOM.—The Library and Reading-room are open to Members, 
who are also entitled to borrow books. 

CONVERSAZIONI are held, to which Members are invited, each Member receiving a card for 
himself and a lady. 


MEMBERSHIP. 

The Society numbers at present between three and four thousand Members. The Annual 
Subscription is Two Guineas, payable in advance, and dates from the quarter-day preceding 
election; or a Life Subscription of Twenty Guineas may be paid. 

Every Member whose subscription is not in arrear is entitled :— 

To be present at the Evening Meetings of the Society, and to introduce two visitors at 
such meetings, subject to such special arrangements as the Council may deem 
necessary to be made from time to time. 

To be present and vote at all General Meetings of the Society. 

To be present at the Cantor and other Lectures, and to introduce one visitor. 

To have personal free admission to all Exhibitions held by the Society at its house in the 
Adelphi. 

To be present at all the Society's Conversazioni. 

To receive a copy of the weekly fournal published by the Society. 

To the use of the Library and Reading-room. 

Candidates for Membership are proposed by Three Members, one of whom, at least, must 
sign on personal knowledge; or are nominated by the Council. 

All subscriptions should be paid to the Secretary, Sir Henry Trueman Wood, and all 
Cheques or Post-office Orders should be crossed ‘‘ Coutts and Company,” and forwarded to him, 
at the Society’s House, John-street, Adelphi, London, W.C. 


4 JOURNAL OF THE SOCIETY OF ARTS. [November 23, 1900. 


CALENDAR FOR THE SESSION. 


The following is the Calendar for the Session 1900-1901. It is issued subject to any 
necessary alterations :— 


NOVEMBER, 1900. DECEMBER, 1900. JANUARY, 1901. FEBRUARY, 1901. 


1| TH 11S -1| Tu 1| F 
2 2|8 2| Wi Juvenile Lecture I. 2|S 
318 3| M | Cantor Lecture I. 2|| 3| Tu 3/8 
4i 8 4| Tu 4| F 4| M | Cantor Lecture II. 4 
s| M s| W| Ordinary Meeting s| S s| Tv 
6| Tu 6| Tu 6| 8 6| W | Ordinary Meeting 
w i F 7| M 7 Tu 
$ Tu S 8| Tu F 
9| F 9| 8 9| WJ Juvenile Lecture II. || 9| S 
10| S 10| M | Cantor Lecture I. 3 Tu 10| 8 
1/8 11| Tu rr] M | Cantor Lecture IIT. 1 
12] M 12| W | Ordinary Meeting S 12| Tu| Applied Art Section 
13| T 13| Tu 8 13; W inary Moeting 
u4 W 14| F M | Cantor Lecture II. 1 || 14| Tu| Indian Section 
15| T 15| S Tu, Applied Art Section }}15| F 
16| F 16| 8 W | Ordinary Meeting 16| S 
171 S : 17! M | Cantor Lecture I. 4 Indian ion 1718 
18 B 18| Tu 18| M | Cantor LectureIll. # 
19 19| W | Ordinary Meeting 19| Tu| Colonial Section 
ga| Tu 20| Tu 20| W | Ordinary Meeting 
21|) W Opening Meen ing of || 21] F Cantor Lecture II. 2 |] 21| Tx 
22| Tu the 22| S Colonial Section 22| F 
23 23| 8 Ordinary Meetiag 23| S 
24| S 24| M 24| 8 
25| 8 25| Tu} Curistmas Day 25| M | Cantor Lecture III. 
26| M | Cantor Lecture I.1 || 26] W | Bank Holiday 26| Tu 
27| Tu y Ta 27| W | Ordinary Meeting 
28| W | Ordinary Meeting F Cantor Lecture II.3 |[ 28) Tuj Indian Section 
29| Tu 29| S appia Art Section 
30| F 30| 8 - nary Meeting 
31] M 
MARCH, 1901. APRIL, 1901. MAY, 1901. JUNE, 1901. 
1l F zl M 1| W| Ordinary Meeting Ijs 
2| S 2; Tu 2| Tx 2| 8 
3| 8 3, W 3| E 3; M 
4| M | Cantor Lecture II. 4|| 4| Tu 4| 5 4| Tu 
Tu 5| F | Goop FRIDAY 5| 8 s| W 
3 W | Ordinary Meeting 6| S 6| M | Cantor Lecture V.3 || 6| Tu 
TH} 7 8 | Easter SUNDAY 7 Tu F 
$ F M | Bank Holiday W| Ordinary Meeting $ S 
9| S 9| Tu 9j Tu 9| 8 
10| 8 10| W 10| F roj M 
rr1| M Cantor rocne Ly. r{|1r| Tu 11S rr| Tu 
12 wi On Ap ea eons 12 £ 12 A TESE I ý 12 T 
13 13 13 antor ture V.4 || 13 H 
14] TH Indian Section 14| 8 14| Tu 14| F 
15| F 15| M | W Cine 15| S 
161 S 16| Tu Ap lied st ate ae 16| Tuj Indian ion 16| 8 
171 8 17| W naty eun 17| F 17| M 
18| M Cantor Lecture IV. 2 || 18| Tu Indien tion 18| S 18| Tu 
19| Tu| Colonial Section 19| F 19| 8 19| W| Conversazione 
20| W| Ordinary Meeting 20| S 20| M 20| TH 
21| Tu 21| B 21| Tu| Applied Art Section || 21| F 
22| F 22| M | CantorLecture V.1 || 22|) W inary Meeting 22| S 
233/1 S " 23| Tu 23| Tu 23| 8 
24 A 24| W| Ordinary Meeting || 24| F 24| M 
2 Cantor Lecture IV. 3 || 25 | Tu 25| S 25| Tu 
26| Tu 26| F 26| § | Wurr SUNDAY 26! W| Annual General 
27| W| Ordinary Meeting 27'S 27| M | Bank Holiday 27| Tu| Meeting 
28| Tx 28i B 28| Tu 28 F 
29| F 29) M | Cantor Lecture V. 2 || 29| W 29| S 
30 A 30| Tu| Colonial Section 30 Pa 30i B 
31 


w 
= 


The chair will be taken at Eight o’clock at each of the Ordinary Meetings, the Cantor 
Lectures, and the Meetings of the Applied Art Section. 


The Meetings of the Indian Section and the Colonial Section will commence at Half- 
past Four o’clock. 


The Annual General Meeting will be held at Four o’clock. 
The Juvenile Lectures will be given at Half-past Four @’elock, 
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Proceedings of the Society. 


COLONIAL SECTION COMMITTEE. 


A meeting of the Committee of the Colonial 
Section was held on Tuesday afternoon, 2oth 
inst. Present : Sir Charles Malcolm Kennedy, 
K.C.M.G., C.B., in the chair; Lord Belhaven 
and Stenton, Francis Cobb, J. G. Gordon, Sir 
Westby B. Perceval, K.C.M.G., with Sir 
Henry Trueman Wood, Secretary to the 
Society, and S. Digby, Secretary to the 
Section. The arrangements for the Session 
were considered. 


FIRST ORDINARY MEETING. 


Wednesday, November 21, 1900; Sir JOHN 
EVANS, K.C.B., F.R.S., Vice-President and 
Chairman of the Council, in the chair. 

The following candidates were proposed for 
election as members of the Society :— 


Abrahams, M. S., Koetie Oil Exploration, Balik 

~ Papan Bay, East Borneo. 

Aiken, David Chalmers, J.P., Ruthville Estate, 
Lower Umzimkulu, Port Shepstone, Natal, South 
Africa. 

Amstutz, N. S., 27, Hillside-avenue, Cleveland, 
Ohio, U.S.A. 

Andrade, Philotheis Pereira d’, Salcete, Goa, Portu- 
guese India. 

Anosthy, Ram Adhar, 
India. 

Appleby, Harry Walton, Holywell, Ilkley, Yorkshire. 

Atkins, G. J., 6, East-bank, Stamford-hill, N. 

Ayar, P. K. Rajam,} Perambalur, Trichinopoly 
District, India. 

Azizuddin, Khan Sahib Bahadur Mahomed, (Cudda- 
lore, India. 

Baguley, Ernest Edwin, Dunston, Stafford. 

Bailey, W. W., Lowlands Estate, Kiang, Selangor, 
Straits Settlements. 

Bayer, C., 31, London-wall, E.C. 

Bee, Gan Ngoh, 3, Light-street, Penang, Straits 
Settlements. 

Belvadi, Nanjundayya, B.A., Godhra, Panch Mahals, 
Bombay, India. 

Braby, Henry, Ayr, Queensland, Australia. 

Browne, W. A., M.A., LL.D., 4, Victoria-street, 
Westminster, S.W. 

Campbell, Eugene John Ferron, Botanic Station, 
Belize, British Honduras. 

Cane, Arthur Higgs, Armorel, Castle - crescent, 
Reading. 

Cardoz, Diogo, Hubli, Bombay, India. 

Carnt, Edwin Charles, St. Helier’s, Cowes, Isle of 
Wight. 


Marar, Gwalior State, 


Catto, Alfred John Edward, 66, Schubert-road, Put- 


ney, S.W. 

Chambers, Walter J., British Consulate, Granada, 
Nicaragua. 

Chapman, Major Arthur Cecil, V.D., Oak-grove, 
Mussoorie, N.W.P., India. 

Chariar, Dewan Bahadur V. Krishnama, Madras, 
India. 

Choksi, Dr. Dosabhoy Ardeshar, Bangalore, India. 

Clark, Major Sir James Richardson Andrew, Bart., 
F.R.C.S., D.Ph., Tidmarsh Manor, Pangbourne, 
Berkshire. 

Clarkson, George Henry, Indian Midland Railway, 
Jhansi, N.W.P., India. 

Colville, William Brown, 5, Clive-row, Calcutta, 
India. 

Coventry, Bernard, Dulsing Serai, Tirhoot State 
Railway, Bengal, India. 

Dalton, Cornelius Neale, C.B., Eskhaven, East 
Heath-road, Hampstead, N.W. | 

Das, Bahadur Rai Ram Saran, M.A., Oudh Com- 
mercial Bank, Fyzabad, India. 
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Africa. 
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N.W. 
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Scammell, Edward Thomas, 37, St. Mary-axe, E.C. 
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Bombay, India. 
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Smith, Henry Sutcliffe, 34, Horton-lane, Bradford, 
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Smith, Hon. William Frederick Danvers, M.P., 
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Wilson, Gordon, Benallan, Kirkintilloch, Scotland, 
and Calle de Gante 8, Mexico. 

Woodward, Rev. Frederick Payler, M.A., Stower 
Provost, Gillingham, Dorset. 

Wooler, Edward, Danesmoor, Darlington. 
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India. 

Wyatt, George Herbert, B.Sc., Emanuel School, 
Wandsworth-common, S.W. 


The CHAIRMAN delivered the following 


ADDRESS. 


In taking the chair at this the opening 
meeting of the Session of the Society of Arts, 
I have in the first place to express my thanks 
to the Council for the honour that they have 
bestowed upon me in electing me their Chair- 
man. I must, however, confess that though 
in the course of my life I have had much to do 
with manufactures and commerce and some 
little to do with the arts, and that though I 
have been for forty years a member of this 
Society, my acquaintance with the working 
both of the Council and the Society is less 
intimate than I could wish it to be. I may, 
therefore, from time to time have to claim the 
indulgence of those with whom I am here 
associated. Of this indulgence, so far as 
the Council is concerned, my short experi- 
ence as a member of their body assures me, 
and I trust that the Society at large will 
extend to me the same degree of leniency. 

It is my duty on the present occasion, in 
accordance with the rules of the Society, to 
offer to you an address. Before, however, 
proceeding to do so, I must say a few words 
with regard to some of the losses by death that 
the Society has sustained during the course of 
the last twelve months. 

The sad and unexpected decease of H.R.H. 
Prince Alfred Ernest Albert, Reigning Duke 
of Saxe-Coburg and Gotha, but even better 
known in this country as Duke of Edinburgh, 
cast a gloom over the whole empire. The 
Council have tendered to the President, H.R.H. 
the Prince of Wales, and through him to Her 
Most Gracious Majesty the Queen, the assur- 
ance of their dutiful and loyal sympathy. The 
late Duke had since 1872 been one of the 
Vice-Presidents of this Society, and always 
took a warm interest in its welfare. 

In Sir John Bennet Lawes we have lost not 
only a distinguished member, but one of the 
greatest benefactors to agriculture that this 
century has seen. The son of a country gentle- 
man, he took possession of the family estate 


at Rothamsted, near St. Albans, in 1834, and 
from that time constantly inaugurated and 
carried on experiments in practical and 
scientific farming. In 1843, he called to his 
aid Dr. (now Sir) Joseph Henry Gilbert, who 
became his lifelong friend and coadjutor, and 
the Rothamsted experiments, carried on 
through their joint labours, have a world-wide 
reputation. With the view of continuing these 
experiments, and when thought desirable of 
extending their scope, Sir John Lawes, with 
almost unparalleled liberality, founded, in 1889, 
the Lawes Agricultural Trust, and while 
placing the laboratory and the experimental 
land at Rothamsted under the control of the 
Trust for a period of 99 years, made over to 
the Trustees a capital sum of no less than 
4,100,000 for the initiation, prosecution, deve- 
lopment, and continuance of investigations in 
connection with the advancement of the 
science of agriculture. 

His membership of this Society dated from 
1854, and in 1877 he received the silver medal 
for a paper communicated to it ; in 1893, how- 
ever, the Albert medal was awarded to Sir 
John Bennet Lawes, Bart., F.R.S., and a like 
medal to Sir Joseph Henry Gilbert, Ph.D., 
F.R.S., ‘for their joint services to scientific 
agriculture, and notably for their researches 
which through a period of fifty years have been 
carried on by them at the Experimental Farm, 
Rothamsted.” The jubilee of the experiments 
was celebrated on July 29th, 1893, by a dis- 
tinguished and representative meeting at the 
laboratory, and a granite memorial then un- 
veiled will preserve the date to posterity. 

Sir John Lawes passed away after a short 
illness on August 31st last in his 86th year. 
He preserved his vigour and his keen intellect 
to the last, and his loss will be widely and 
deeply felt. To myself, as Chairman of the 
Lawes Agricultural Committee, as one of his 
trustees, and, as a neighbour, I can only 
describe it as irreparable. 

Sir Saul Samuel, Bart., late Agent-General 
for the Colony of New South Wales, died on 
August 2gth in his eightieth year. He had 
been a member of this Society since 1884, and 
was a frequent attendant at our meetings. He 
moreover served several times on the Council, 
and had been a Vice-President from 1893 to 
1898. 

More recently we have sustained a severe 
loss through the death of Mr. William Luson ' 
Thomas, who took a hearty interest in the 
prosperity of the Society, and who for the last 
three years has served upon our Council. A 
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born artist, he studied both in Paris and in 
Rome, and after being articled to the well- 
known wood engraver, Mr. W. J. Linton, he 
embarked in business on his own account. He 
was an active member of the Royal Institute 
of Painters in Water Colours, and occasionally 
exhibited his works. Mr. Thomas, however, 
had more than one side to his character, he 
was not merely an artist, but a man of business, 
with enlarged and far-seeing intelligence. As 
an engraver he was long associated with the 
first English illustrated weekly paper—Zhe 
Illustrated London. News; but as a young 
man he had assisted in launching two news- 
papers—one of them the “ Picture Gallery ” 
in New York. In 1869 he became convinced that 
there was room for more than one illustrated 
paper in this country, and boldly started the 
Graphic, to be followed twenty-one years later 
by the Daily Graphic. Of the manner in 
which these papers have been conducted, both 
from the artistic and literary point of view, it 
is difficult to speak too highly, but both the 
art and the moral tone have been in the main 
due to the personal influence of Mr. Thomas. 
A fuller sketch of his career has already ap- 
peared in the Fournal. 


So lately as the 25th of October we have lost . 


by death one of those most intimately con- 
nected with the daily work of the Society, Mr. 
Howard Henry Room. For thirty-nine years he 
had served the Society in an official capacity, 
and for the last twenty-five years had been 
our Accountant. In addition to this office he 
performed a great amount of the detail work 
involved in the Society’s Examinations. In all 
his work he was most accurate and attentive ; 
he exhibited a warm zeal for the interests of 
the Society, and at the same time he won the 
kindly appreciation of all those with whom he 
was associated, by whom his loss is sincerely 
deplored. 

Of late years it has been not unfrequently the 
custom for those who have occupied the position 
which I this day hold to address the Society on 
some practical subject, and all here present 
will gratefully remember the extremely valuable 
and suggestive addresses of Sir John Wolfe 
Barry, on the means of intercommunication 
in London, a matter which we all agree with 
him in regarding as highly important and 
urgent. 

On the present occasion I propose to say a 
few. words on a subject of less practical im- 
portance, so far as the needs of every-day life 
are concerned, but still not without some general 
interest, and not without a direct bearing 
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ou the history of the advancement of human 
knowledge—the ‘‘ Origin, Development, and 
Aims of our Scientific Societies.” The subject 
is a large one, and it will be impossible to 


.enter into details with regard to its almost 


innumerable ramifications. In justification of 
a considerable degree of limitation, I may in- 
cidentally mention that the ‘‘ Official Year- 
book of the Scientific and Learned Societies 
of Great Britain and Ireland,’’ for the year 
1900, extends over upwards of 290 octavo 
pages. 

The principle of collective action was at an 
early date recognised among the Greeks and 
Romans, and associations for the purposes of 
finance, trade, religion, and politics, known as 
collegia, were of great importance in Roman 
civil life. In those days three persons sufficed 
to form a “ college,” whereas now seven are re- 
quired to constitute a ‘‘ Limited Liability Com- 
pany.’’ I will not enter into the relations be- 
tween the collegia and the Universitas of 
classical times, but may call attention to the 
fact that the modern university with its colleges 
derives its name from the ancient institution, 
though its scope has been most materially 
modified. 

The Academia at Athens and the Museum, 
founded in B.C. 280 by Ptolemy Philadelphus 
at Alexandria, with botanical and zoological 
gardens as well as a lecture-room attached, 
‘were much of the nature of modern scientific 
societies, though more of an exclusively educa- 
tional character. 

The principle of collective action was main- 
tained by the guilds of Saxon times, and the 
livery companies of London and other great 
cities, some of which date back to the 12th 
and 13th centuries. These associations for 
‘the purposes of trade and commerce, the mem- 
bers of which met at stated intervals for the 
discussion of matters of common interest. 
offered an example which those engaged in 
the advancement of different branches of 
knowledge could readily follow, and academies 
are said to have been founded in some con- 
tinental cities in the 13th, 14th, and 15th cen- 
turies, while many more can authentically be 
dated back to the 16th and the beginning of 
the 17th century. 

In England no learned society received a 
Royal Charter before 1662, when the Royal 
Society was incorporated by Charles II. It 
had, however, been instituted in 1660. So 
early, moreover, as 1645 the lovers of experi- 
mental philosophy formed a society which met 
weekly in London on a certain day to treat 
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and discourse of philosophical affairs, and 
many of its members became subsequently the 
first Fellows of the Royal Society. About the 
year 1648-1649, this little band of students was 
divided into two—one part remaining in 
London and the other migrating to Oxford, 
where a Philosophical Society of Oxford was 
established, that subsequently for some time 
worked in concert with the Royal Society, and 
did not finally cease to exist until 1690. 

We shall have to return in the course of my 
remarks to the early days of the Royal Society ; 
but it will be well to dwell now for a short 
time on the origin of the Society of Anti- 
quaries, which, in its unchartered form, can 
claim a considerably higher degree of anti- 
quity. About the year 1572, ‘‘ divers gentle- 
men of London, studious in antiquities, formed 
themselves into a College or Society of Anti- 
quaries.’’ The honour of this foundation is 
“entirely due to that munificent patron of 
letters and learned man, Archbishop Parker. 
The members met near 20 years at the house 
of Sir Robert Cotton, and, in 1589, resolved 
to apply to the Queen for a charter of in- 
corporation, and for some public building, 


where they might assemble and have a library.” - 


A petition was prepared for presentation to Her 
Majesty Queen Elizabeth praying for the in- 
corporation of ‘‘ An Academy for the Studye 
of Antiquity and History,” the meetings of 
which were to be held in the Savoy, or the 
dissolved Priory of St. John of Jerusalem, or 
elsewhere. It is uncertain whether this 
petition was ever presented, but the Queen 
seems to have given the society her coun- 
tenance, and under the presidency of Arch- 
bishops Parker and Whitgift successively it 
flourished, and a list of thirty-eight of its 
members, comprising such well-known names 
as Camden, Cotton, Erdeswicke, Lambarde, 
and Stow, is still extant. For some cause or 
other Elizabeth’s successor, James I., thought 
fit to dissolve the society in 1604, and though 
attempts were made to revive it in 1617, and 
though there was an Antiquaries’ feast on 
July 2nd, 1659, the society remained in a 
dormant condition until 1707. It then held 
weekly meetings at the ‘‘ Bear Tavern ” in the 
Strand, and afterwards at the ‘‘ Young Devil 
Tavern ” in Fleet-street, subsequently moving 
to the ‘‘ Fountain Tavern.” In 1718 the 
society was reconstituted, and in 1751 a 
Charter of Incorporation was granted to it by 
George II., who declared himself the founder 
and patron of the Society of Antiquaries of 
London. p ug 


In the meantime, the Societies for Pro- 
moting Christian Knowledge and for the Pro- 
pagation of the Gospel had been founded, 
the one in 1698 and the other in 1701. These 


societies, however, being of a religious and 


not a scientific character, lie outside my pro- 
vince. 

Having traced the inception of the two oldest 
of our learned societies, which in their early 
stages partook more of the nature of clubs 
than of what are now known as societies, I 
propose, before considering their further de- 
velopments to say something as to the pro- 
per aims and objects of a learned society, 
and the means usually adopted for carry- 
ing them into effect. Such a society is an 
association of persons united together by 
common tastes and anxious to improve or 
extend some particular branch of knowledge, 
or even the whole range of scientific inquiry. 
With this object in view it becomes neces- 
sary to hold periodical meetings for the 
discussion of subjects in which the society 
is interested, and for taking such action 
in respect of them as may seem desirable. 
The holding of such meetings’ involves an 
organisation and the appointment of pre- 
sidents to take the chair at meetings, 
of secretaries to summon them, and of 
a treasurer to receive those subscriptions 
without which an association of the kind 
cannot exist. Moreover, for the determination 
of questions of policy and finance, espe- 
cially when the society issues publications, a 
council of some kind becomes a necessity. 
It is on this organisation that the success or 
failure of a society mainly depends, and the 
questions as to the length of period that 
presidents and others should remain in office, 
what proportion of new blood should be infused 
into the council each year, and how far those 
in power are carrying out the views of the 
bulk of the members of the Society, have 
frequently been discussed with more or less 
warmth. In some instances the too conserva- 
tive apathy of the council has led to disruption 
and the foundation of new societies, or to the 
society under their charge being reduced to 
a state of inanimate slumber, while on the 
other hand too rapid revolutionary measures 
have led to diminutions in numbers, if not to 
absolute rebellion. Much, of course, of the 
welfare of a society depends upon the character 
of its publications being kept at a high level, 
and on their being brought out with scrupulous 
regularity. 

There is one condition in the life of a 
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scientific society which is entirely beyond its 
control or that of its council, and this condition 
may be superinduced by the activity of the 
society itself. As researches proceed and 
knowledge extends, new branches of inquiry 
are opened, which can only be investigated by 
those who apply themselves specially to the 
subject. New publications are required, 
particular days have to be set apart for the 
discussion of the new subject, and eventually 
it is found desirable either to establish a sepa- 
rate branch of the old society, or to constitute 
a new one. The latter course is the one that 
has been most often adopted, especially in the 
case of biological science; and not infre- 
quently the new society finds a home in the 
apartments of the parent society, and under its 
fostering care. 

This is of course a reason and a legitimate 
reason for the multiplication of societies having 
closely cognate but not identical objects in 
view ; but the fact that in all the centres of 
population and intelligence throughout the 
United Kingdom, there are devotees of science 
no less able and energetic than those who 
reside in and around the metropolis will account 
for the reduplication of societies on precisely 
the same lines as the parent societies in London 
throughout the whole kingdom. Were new 
soeieties not to come into existence, and were 
the older societies to attempt to adjust them- 
selves to all the requirements of modern science, 
they would soon collapse under the burden 
thrown upon them. 

‘Let us now go back to the period immedi- 
ately succeeding the Restoration, or to the 
year 1663, in which Charles II. granted his 
second Charter to the Royal Society of London 
for improving natural knowledge. At that 
time, as has already been observed, the 
Society of Antiquaries was in abeyance, so 
that the Royal Society was practically the 
only institution of the kind in Britain, and 
its aims were naturally wide. On the 2oth 
November, 1663, the Society* ‘‘ consisted of 
131 Fellows, of whom 18 were noblemen, 
22 baronets and knights, 47 esquires, 32 
doctors, 2 bachelors of divinity, 2 masters of 
arts, and 8 strangers or foreign members.”’ 
With the exception of the large proportion of 
physicians or doctors, it will be observed that 
the Society in the main was composed of noble- 
men and gentlemen of independent position, 
and that the professional element was to a very 
great extent wanting. Great attention was 
paid to experimental methods; but ‘‘ what the 
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learned and inquisitive are doing, or have 
done in physick, mathematicks, mechanicks, 
opticks, astronomy, medicine, chymistry, 
anatomy, both abroad and at home’’ were sub- 
jects on which they were solicitous. Many of 
the branches of science diligently pursued at 
the present day were either unknown or in 
their infancy. The variation of the com- 
pass had been observed, but magnetism and 
electricity presented almost untrodden fields ; 
the steam engine was in an embryonic 
stage; visions of space with four or 
more dimensions had not visited the poeti- 
cal mathematical brain; microscopes and 
telescopes were in their infancy; the family 
of the planets was no more numerous than of 
old; the circulation of the blood had not 
met with universal acceptance, and the exist- 
ence of ġacilili was but dimly conceived ; 
chemistry was of the crudest, and the clements 
were earth, air, fire and water; anatomy had 
already made notable advances, but Dermato- 
logical, Laryngological, and Odontological 
societies were not even dreamt of; Geology 
was unborn, and Palzontology did not exist, 
except in connection with Noah’s Deluge. 

One of the results of this very wide scope 
of the Royal Society was, that at its meet- 
ings the variety of subjects brought forward 
for discussion was great; and the early 
volumes of the Philosophical Transactions 
contain a large amount of miscellaneous 
reading. I am not sure that, as a means of 
whiling away a spare half-hour, one of the 
first twenty volumes of the Transactions would 
not by most persons be found more attractive 
and amusing than the volume say of Series A 
for the year 1900. 

To turn to the other societies which 
were in existence early in the 18th cen- 
tury. At the beginning of that period life 
again returned to the Society of Antiquaries, 
which resumed its regular meetings in 1707, 


and by 1717 was in active existence, though its 


numbers were limited to one hundred. As 
before stated it received its charter of incor- 
poration in 1751 and in 1780, through the 
the liberality of George III. it had apartments 
granted to it in Somerset House. 

The Society for the Encouragement of Arts, 
Manufactures, and Commerce was founded 
in 1754, but not incorporated until 1847, and 
this Society together with the two already 
mentioned form the trio from which nearly all 
the numerous learned societies of the present 
day have sprung by what may be regarded as 
a natural process of evolution. 
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Let us now consider the order of develop- 
ment in which some of the principal scientific 
and learned societies of the present day have 
been derived either directly or indirectly 
from the three parent societies which we have 
had under consideration. The dates assigned 
are those of the foundation of the societies, 
and not of their charters. Indeed, some scientific 
societies still remain unchartered. 

As might have been expected, Scotland was 
not long in following the example set by 
England, and the Medical Society of Edin- 
burgh was instituted in 1734, to be followed by 
the somewhat kindred Harveian Society in 
1752. Inthe meantime, the Royal Society of 
Edinburgh, or as it was originally called, the 
Philosophical Society, was established in 1739. 
The ‘‘ Royal Physical Society of Edinburgh,” 
exclusively devoted to ‘‘ Natural History and 
the Physical Sciences,’’ was founded in 1771, 
and by 1813 had absorbed no less than six 
other societies, which became incorporated in 
it. 

In Ireland, the Royal Irish Academy for 
“ the study of Science, Polite Literature, and 
Antiquities,” was founded in 1785, and may 
be regarded as combining the attributes of 
the three parent societies in London. 

Among the off-shoots of the Royal Society 
of London, the first perhaps is the Medical 
Society, founded in 1773, which, however, has 
never comprised a large number of Fellows. 
The Linnean Society, for the cultivation of 
natural history in all its branches, was founded 
in 1788, and has from 700 to 800 Fellows. 
These are the only two London societies coming 
under this category that date from the last 
century. 

During the century now drawing to its close 
the vast advances in science, and the in- 
numerable aspects that it assumes, has led to 
the foundation of numerous scientific societies, 
each with a more or less limited scope. In 
natural history we have the Horticultural 
(1804), the Zoological (1826), the Entomological 
(1833), the Ornithological (1837), the Royal 
Botanic (1839), the Ray Society (1844), the 
Palzontographical (1847), and others that it 
would be tedious to mention. 

Geology as a new science had a society 
founded for its study in 1807, the Geologists’ 
Association followed in 1858, and at a later 
date the Mineralogical Society (1876). The 
Royal Astronomical Society (1820) has been 
supplemented by the British Astronomical 
Association. Mathematics and Physics have 
also their own societies, as have also Statistics, 


a subject which has a mathematical side as 
well as one in the direction of commerce and 
the affairs of ordinary life. Engineering is 
represented not only by the Institution of Civil 
Engineers (1818), but by the Institution of 
Mechanical Engineers (1847), of Mining En- 
gineers (1851), the Iron and Steel Institute 
(1869) and that of Electrical Engineers (1871). 
Geography has had its own Royal Society since 
1830, Microscopy its society since 1839, and 
Meteorology since 1850. For medicine, phar- 
maceutics, pathology, neurology, anatomy, 
and some other branches of medical inquiry, 
special societies have been founded in London. 
The Victoria Institute or Philosophical Society 
of Great Britain was founded in 1865, its 
primary object being the attempt to reconcile 
apparent discrepancies between Christianity 
and science. 

In Edinburgh and Dublin scientific societies 
have multiplied, though not toa similar extent; 
and throughout the United Kingdom there are 
numerous literary and philosophical societies, 
that of Manchester dating back to 1781. There 
are also several provincial geological societies, 
and almost every county has its natural history 
society or club. 

Moreover, the British Association for the 
Advancement of Science, founded in 1831, con- 
tinues to hold its annual meetings at different 
centres in the empire, and helps to maintain 
the general interest in the advancement of 
knowledge and to kindle or keep alive local 
zeal. 

The offshoots from the Society of Anti- 
quaries have not been so numerous or im- 
portant as those from the Royal Society, the 
field of archzology being much more restricted 
than the wide domain of more purely ‘‘ natural 
knowledge.’’ The Society of Antiquaries of 
Scotland dates, however, from 1780, and that 
of Newcastle-on-Tyne from 1813, while the 
Literary and Antiquarian Society of Perth 
goes back to 1784. Several branches of anti- 
quarian study have now their own societies. 
The Numismatic Society was founded in 
1836, the Royal Historical Society in 1868, 
the Society of Biblical Archeology in 1871, 
the Palzographical in 1873, and that for 
Hellenic studies in 1879. There are also 
special societies for the exploration of Pales- 
tine and Egypt as well as the important Royal 
Asiatic Society with its different branches. 
The peripatetic habits of the Royal Archzxo- 
logical Institute and of the British Archzo- 
logical Association (both 1843) help to main- 
tain the warmth of local interests and to dis- 
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seminate a certain amount of archzological 
information. 

Anthropology and Ethnology have made 
great advance since the foundation of the 
Ethnological Society in 1843, and of the 
Anthropological in 1863. The two merged in 
1871 to form the Anthropological Institute, 
which has rendered signal services to science. 
A minor branch of anthropology—Folk Lore— 
has had its own society at work since 1878. 

The Society of Arts—to make use of its 
shortened title—can claim nearly as numerous 
an offspring as its elder sisters the Royal 
Society and the Society of Antiquaries. Her 
descendants, moreover, are fairly entitled to as 
high, if not indeed a higher rank and import- 
ance. It is not merely the Royal Scottish 
Society of Arts (1821) that she can claim as 
an offshoot, but it was the Society of Arts that 
first in England devoted attention to the all- 
important objects of forestry and agriculture. 
The Royal Agricultural Society originated not 
earlier than 1838, though in Scotland a Society 
of Improvers of Agriculture was instituted in 
1723, a Dublin Agricultural Society in 1731, 
the Bath and West of England Society in 1777, 
and the Highland Society in 1784. 

It would, moreover, be unfair not to credit 
the Society of Arts as well as the Royal Society 
with having laid the foundations on which the 
Institution of Civil Engineers and the cognate 
bodies have been erected. The Chemical Society 
was established at a meeting held at the 
rooms of the Society of Arts in 1841. From 
this arose the Institute of Chemistry in 1877. 
The Society of Chemical Industry (1881) to a 
large extent grew out of the Chemical Section 
of the Society of Arts, which dealt for some 
years with the chemical industries, and was 
dropped on the foundation of the Society. 
The Sanitary Institute and the other sanitary 
societies certainly owe their origin to the Con- 
ferences on the Health and Sewage of Towns 
held by the Society of Arts in 1877, 1879, and 
1880. The City and Guilds’ Institute also origi- 
nated in consequence of the action of the Society 
in the matter of technical education. They took 
up and carried on the technological examin- 
ations founded by the Society of Arts. 

The Science and Art Department may be 
said to have grown out of the 1851 exhibition, 
which was organised by the Society of Arts. 
Its examinations were based on the model of 
the Society of Arts examinations, and, indeed, 
It was to a very large extent a development of 
the Society’s work by those who were already 
connected with the Society of Arts. 


It must never be forgotten that in its 
earlier days inventions of all useful kinds, and 
all that was new in machinery and manu- 
factures, came within the scope of the Society, 
which in thirty years spent nearly as many 
thousands of pounds in rewards and premiums 
for useful inventions. 

It took a very active part in all educational 
movements and a warm interest in the welfare 
of our colonies, and to its credit be it said that 
the examinations of the Society of Arts still 
rank among the most useful and thorough, 
while the existence of our Indian Section still 
evinces our interest in the prosperity of the 
dependencies of the Empire. 

What the Society has done for the advance- 
ment of art, it is difficult for us of the present 
day fully to appreciate; but it must be re- 
membered that one of the first, if not, indeed, 
the first public exhibition of pictures, was that 
held in this Society’s rooms in 1760, and that 
from this exhibition sprang the Royal Academy, 
the first exhibition of which, comprising 136 
works only, was opened in 1769. We may, 
therefore, here claim the Royal Academy as in 
a certain sense an offshoot from our body. 
The Royal Institute of British Architects, 
founded in 1835, may also in some degree be 
regarded as connected with the Royal Acad- 
emy, which admits architects among its mem- 
bers. The Photographic Society also grew 
out of an exhibition of photographs, the first 
of the kind, held in our rooms. The founda- 
tion of the Royal College of Music is likewise 
due to the exertions of the Society of Arts. 

I have dwelt at considerable, perhaps too 
great, length, on the various societies in the 
United Kingdom that are more or less 
intimately connected, so far as their origin is 
concerned, with what I have termed our three 
parent societies. It is needless to add that 
analogous societies to those in the Mother 
Country have sprung up in many of our 
numerous colonies and dependencies, and even 
in America before the Declaration of Inde- 
pendence. The American Philosophical 
Society, with its headquarters in Philadelphia, 
was founded by Franklin in 1743. 

I venture to hope that from the historical 
point of view, the sketch that I have attempted 
to draw of the development of scientific 
societies in these islands has not been entirely 
devoid of interest. It testifies also to the 
success that has attended the united action 
which the societies were founded to foster. 

It would indeed be difficult to say how far 
the work done by any society would have been 
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accomplished by the individuals composing 
that society, without combination or collective 
organisation. A society of course is only a 
collection of individuals, and the work of the 
society is the work of the individuals com- 
posing it. 

A society offers opportunities for discussion, 
brings men of similar ideas together, and sub- 
stitutes collective and organised action for 
isolated individual effort. It affords means of 
publication, organises research, records dis- 
coveries, stimulates invention, and assists 
students by providing a common meeting- 
place and centre of action. Every scientific 
discoverer desires immediate publication of 
his work, both for his own reputation, and to 
secure the assistance of his colleagues. Every 
industrial inventor requires publication in order 
that he may secure the natural profits of his 
invention. A society systematises and arranges 
the science or study which is its subject 
matter. 

The present condition of science is certainly 
due to the organised efforts of such societies 
as the Royal Society and its subordinate 
societies, in this and other countries. They 
secure public recognition for science and those 
who pursue it; they prevent over-lapping ; 
serve to deter different men from working on 
the same lines; and they bring influence to 
bear on the public and on the Government. 
Any individual is less powerful by himself than 
when he is associated with others seeking the 
same object. An active society is a corpora- 
tion with a perpetual succession, and it never 
dies. The work carried on by an isolated 
student ceases at his death, but the work done 
by a number of students associated together 
goes onandon. As one man drops out, another 
takes his place. 


An excellent example of the reciprocal in-. 


fluence of scientific workers and of a scientific 
institution upon each other is afforded by the 
Royal Institution. Without Davy, Faraday, or 
Tyndall, the Royal Institution would never have 
become the important body it now is. But 
without the Royal Institution neither Davy 
nor Faraday would have had any opportunity 
for carrying out their scientific work, and of 
obtaining their scientific reputation, and per- 
haps the same may be said to a certain ex- 
tent of Dr. Tyndall. 

The history that I have been tracing 
comprises within it a record of the advance 
in many directions of our acquaintance with 
the secrets of nature, of our turning that 


acquaintance to practical account, and of» 


the consequent progress of the nation in 
material prosperity. It bears witness likewise 
to that specialisation in science, which though 
by no means an unmixed blessing, seems to be 
of necessity associated with all advancement in 
natural knowledge. The days are long since 
past when any single individual could attempt 
to cope with the whole encylopzedia of science, 
but the question not unfrequently arises at the 
present day whether the position of the 
specialist would not be more secure were the 
foundations on which he builds extended over 
a larger area, and were his scientific sym- 
pathies somewhat wider in their character. 
Another question that may be asked is 
whether there is any need for this multiciplicity 
of societies. The answer from anyone who 
in whatever manner believes in evolution 
will be, that at the time of founding each 
society, a necessity for it must at all 
events have been thought to exist, and that 
the analogous societies at that time in being 
must have been either unable or unwilling to 
adjust or expand themselves, so as to include 
the subject for the study of which the new 
society was instituted. Many of the subjects, 
for instance, that originally came within the 
domain of the Royal Society, and indeed are 
still included within it, have by degrees been 
not absolutely banished from it, but relegated 
in the main to other societies, founded more 
especially for the study and illustration of such 
subjects. The Linnean, the Astronomical, 
the Chemical, and the Geological Societies, 
afford instances in point, and any attempt to 
suppress such societies, and to bring their 
members all within the fold of the Royal 
Society, would have a disastrous effect on the 
advance of science, and would absolutely 
overweight the powers of the Royal Society 
itself. At the same time it must be re- 
membered that accounts of important dis- 
coveriesin any of these branches of knowledge 
are cordially welcomed by the Royal Society, 
and that it is usually the case that the leading 
Fellows of these special societies are also 
Fellows of the Royal Society. The same in a 
lesser degree holds good with the Society of 
Antiquaries as archzological discoveries, espe- 
cially when bearing on the early history of man, 
are welcomed alike on both sides of the quad- 


| rangle at Burlington-house. 


In the case of local societies which in their 
character are almost identical with those of the 
metropolis, the geographical reasons for their 
existence are in most cases undeniable. Their 
isolation is, however, to some extent a draw: 
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back, and a great step in advance has been 
made by the Society of Antiquaries, which has 
now brought into union with itself nearly the 
whole of the archzological societies through- 
out the kingdom—or, at all events, forty-five 
of their number—which now hold an annual 
congress in the apartments of the Society in 
Burlington-house. The results have been most 
satisfactory. Each society while retaining its 
own individuality has co-operated with the 
others in matters of common interest, and 
among other fruits of collective action, an 
annual classified and subject index of the 
archzological papers of each year is now pub- 
lished. 

Of course, a certain number of Societies are 
born to die; but it 1s remarkable how few of 
them have expired without having done some 
good work. In some instances, two rival 
Societies, neither of them in a flourishing con- 
dition, have coalesced, and the combined body 
has acquired a degree of vitality and energy 
that neither of its constituents ever possessed. 
In the archzological world, it is possible that 
there are still two bodies in existence, the 
amalgamation of which would probably result 
in good. 

An arrangement by which the subdivision 
of a Society has been obviated, and which on 
the whole has worked in a satisfactory manner, 
has been adopted by the Society of Chemical 
Industry, which has branches in centres of im- 
portance on both sides of the Atlantic. These 
branches hold their own meetings, and dis- 
cussions and reports of them are published 
in the Society’s Journal, together with those 
of the meetings in London. This union of 
the metropolis with capitals in the provinces 
is further strengthened by the holding of the 
annual meetings of the Society sometimes in 
Liverpool or in some other important centre of 
chemical industry. 

It will have been observed that I have hitherto 
been speaking of societies more or less inti- 
mately connected in their origin with what I 
have termed the three parent societies, but 
there is another category of studies which 
these societies either do not represent at all 
or do so in a very imperfect manner. They 
have been termed the philosophico-historical 
sciences as distinct from mathematical, 
physical, and biological sciences. A certain 
portion of them, such as language and history, 
come within the province of societies cognate 
with the Society of Antiquaries, while this latter 
deals directly with antiquities. There remain 
philosophy, psychglogy in its nonebiological 


aspects, economics, and probably some other 
branches of study or speculation. Literature 
is another somewhat outlying field, but there are 
numerous literary associations, some of them 
practically printing clubs, others of a more 
social character, and others again which hold 
regular stated meetings for the study and 
discussion of the works of some well known 
author— Dante, for instance. 

The title ‘‘ Literary and Philosophical ” has 
been adopted as a convenient one by many 
local societies, probably on account of its great 
comprehensiveness. Many are doing good 
work, but the term ‘‘ philosophical’’ is generally 
used in the same sense as in the case of the 
‘‘ Philosophical Transactions ’’ of the Royal 
Society, and the term ‘‘ literary ’’ is accepted as 
covering all that cannot be regarded as philo- 
sophical. 

Turning to the more purely philosophical 
societies that have been established in London, 
it would seem as if for some reason or other 
the soil was not congenial for their growth or 
longevity. The Dialectical Society, founded in 
1865, was dissolved in 1888 ; the Psychological, 
founded in 1875, ceased to exist in 1879, but 
was resuscitated under the name of the Society 
for Psychical Research in` 1882. The Zetetical 
Society, established in 1878, and the Aristo- 
telian in 1880, do not appear in Whitaker’s 
List of Societies and Institutions, though the 
latter, notwithstanding that its members are 
few, is still in active operation. Altogether 
the number of those interested in abstract 
philosophy seems to bear no proportion to that 
of the votaries of the study of nature in all its 
phases and of those who devote themselves 
to the application of science to the good of 
mankind. 

In the Jmstitut de France, one of the 
Académies is that of Sciences Morales et 
Politiques, which, however, is divided into 
five sections. Of the eight places devoted 
to philosophy, only six were filled at the 
beginning of the present year, but this may have 
been purely accidental. The mention of the 
Institut suggests the guestion how far a 
similar association of academies would meet 
the requirements of this country. Such a 
question is beyond the limits of the present 
address, but in passing, I may say that the 
necessary limitations of the J/#stztfuf, the 
payment for attendance, the method of 
election of its members, and its close con- 
nection with the Government of the day 


all present features which are hardly in ac- 


cordance with our insular traditions, In 
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Paris itself the /zstztuf has had to be supple- 
mented by various important scientific societies, 
such, for instance, as the Geological Society 
and the Society of Antiquaries of France. 

Bu: to return to England. It has been sug- 
gested to me that it would be of some interest 
were I to give a short account of the vicissi- 
tudes through which some of our principal 
societies, including the three parent societies, 
have passed. No doubt with all of them there 
have been periods during which they may be 
said to have vegetated rather than lived, but 
to trace out the causes of their temporary 
suspension of life, and the reasons which led 
to the resumption of activity, would involve an 
historical discussion of considerable length, 
and might also lead to invidious personal com- 
parisons. Paradoxical as it may appear, these 


seasons of rest, or if it be preferred so to call it | 


torpor, have not in the long run impaired either 
the utility or the prestige of the societies. A great 
deal of regular and useful work may be done 
without the machinery by which it is effected 
making sufficient noise to attract the attention of 
those not immediately interested in the work, 
and the torpor may in fact have been apparent 
rather than real. Under any circumstances 
there can, I think, be but little doubt that it is 
better for a society to carry on its workina 
thorough but unobtrusive manner, than to be 
subject to paroxysms of fitful energy, and to 
be always devising new ways, instead of 
gradually improving the eld. 

Even a real torpor is not always deadly. 
There is a tradition in the Society of Anti- 
quaries that once, in days gone by, the Secre- 
tary was overheard to utter the pious aspiration, 
“ Would to God there was nothing in this world 
older than a new-laid egg!’’ And yet the 
Society survives and is still carrying on use- 
ful and valuable work. May it long con- 
tinue to do so, and may the Society of Arts 
and the Royal Society together with it long 
survive as the parents of many societies which 
have rendered and still will render indispens- 
able assistance in the wide diffusion of know- 
ledge. 


After delivering the Address the Chairman 
presented the Society’s medals which have 
been awarded during last Session. 


For papers at the Ordinary Meetings :— 


To D. E. HuTCHINS, Conservator of Forests, Cape 
Town, for his paper on ‘‘ National Forestry.” 

To Sir W. MARTIN Conway, M.A., for his paper 
on “ Some of the Undeveloped Resources of Bolivia.” 


To EpMUND WILSON, for his paper on ‘The 
Housing of the Poor.” 

To Professor R. W. Woop, for his paper on “ The 
Diffraction Process of Colour Photography.” 

To EDWIN BALE, R.I., for his paper on ‘ Artistic 
Copyright.” 

To Miss HALSEY, for her paper on ‘ Some Un- 
familiar Masterpieces of the Italian School.” 

To Professor W. M. FLINDERS PETRIE, D.C.L, 
for his paper on “ A National Repository of Science 
and Art.” 

To A. R. COLQUHOUN, for his paper on “ Russia, 
Persia, and Afghanistan.” 


In the Indian Section :— 


To Sir WILLIAM LEE-WARNER, K.C.S.I., M.A., 
for his paper on ‘‘ Our Work in India in the roth 
Century.” f 

To CHRISTOPHER RAWSON, F.I.C., for his paper 
on ‘‘The Cultivation, Manufacture, and Use of 
Indigo.” 


In the Colonial Section :— 


To JOHN FERGUSON, for his paper on ‘‘ Old and 
New Colombo.” 

To the Right Hon. Sir CHARLES WENTWORTH 
DILKE, Bart., M.P., for his paper on ‘‘ The Century 
in our Colonies.” 


In the Applied Art Section :— 


To CYRIL DAVENPORT, for his paper on “ Niello 
Work.” 

To LASENBY LIBERTY, for his paper on ‘‘ English 
Furniture.’’ 


Sir JOHN WOLFE BARRY, K.C.B., F.R.S., thought 
the members were deeply indebted to Sir John Evans 
for having undertaken his present duties. He was a 
member of almost every learned society in the country, 
and had been Chairman of the following, among 
others:—The Antiquarian, Numismatic, and Geo- 
logical Societies, the Society for the Promotion of 
Chemical Industry, and the British Association ; it was, 
therefore, an additional honour to the Society of Arts 
to number him among their Vice-Presidents. Only a 
year ago Sir John had resigned the treasurership of 
the Royal Society because he desired some relief 
from the burdens which fell upon him, yet he had 
accepted his present position, the duties of which 
were by no means light. All the members had 
perfect confidence that he would worthily sustain 
the traditions of their ancient body. They were 
further indebted to Sir John Evans for his most 
valuable and suggestive address, which was a mine 
of information with regard to the circumstances 
under which learned societies had been formed, and 
would be a work of reference for many years. In 
conclusion, he assured Sir John Evans that he would 
receive most loyal support from the members during 
his year of office, and wished him all health to 
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govern that body in the same cordial, courteous, 
sage, and powerful way in which he had guided 
those other societies of which he had been a most 
distinguished ornament. He proposed a hearty 
vote of thanks to Sir John Evans for his most valuable 
address. 


Sir FREDERICK BRAMWELL, Bart., D.C.L., F.R.S., 
said that Sir JohnWolfe Barry had gone over the 
whole field and had not even left him the gleanings. 
He could only say that he entirely concurred in every- 
thing that he had said. He (Sir Frederick) admitted 
he had told the Chairman, when trying to induce 
him to take up that position, that he would really 
have nothing to do. He feared his statement was 
hardly reconcileable with much of what Sir John 
Wolfe Barry had said, but it had served its turn. 
With regard to some observations made in the 
course of the address, he thought the evils of being 
too ‘‘specialised’’ were exemplified by the case of 
moulders of cast-iron pots. He was informed that 
such moulders could mould the sizes for one gallon, 
or two gallons, or three gallons, with their eyes 
shut. But then a man who applied for a situation 
as atwo-gallon pot-maker might have to go away 
disappointed if there was only a vacancy for a 
three-gallon man. He heartily seconded the vote 
of thanks. 


The resolution was carried unanimously. 


The CHAIRMAN, in returning thanks for the vote, 
said there was some difficulty in reconciling the 
statements of Sir John Wolfe Barry with those of Sir 


Frederick Bramwell, with regard to the duties of his ` 
office, but he would leave those two gentlemen to settle | 
He would try to do l 
his best for the Society during his term of office, ` 


the matter between themselves. 


although he would have to ask to be excused during 
the early part of next year, when he would probably 
go to Egypt for three months. There was no deny- 
ing the fact that those reasons which had induced 
him to withdraw from the position of treasurer of the 
Royal Society were still in existence, and even in a 
more aggravated form, but, although he was not 


growing younger, he hoped to be able to carry on the | 
affairs of the Society to the satisfaction of its members, 


Obituary. 
a 


REv. PREBENDARY WHITTINGTON.—The Rev. 
Richard Whittington, M.A., Rector of St. Peter 
upon Cornhill, who died on Wednesday, 21st inst., 
was a member of the Society of Arts since 1855. He 
was born 22nd.* January, 1825, and educated at 
St. Paul’s School, and Trinity College, Cambridge. 
He graduated in 1847, and won the Norrisian prize 
in 1849 with an essay on “ Inspiration,” In 1853 he 


became an assistant-master of Merchant Taylors’ 
School, an office which he held till 1875, when he 
was appointed chief master of the Lower School. He 
held various curacies and lectureships in the City of 
London, and obtained the rectory of St. Peter upon 
Cornhill in 1867. He had been evening lecturer at 
this church since 1849, so that in the spring of the 
present year he celebrated his jubilee there. He was 
Principal of the City of London College (one of the 
institutions in union with the Society of Arts) from 
1861 to 1899. 


Dia i 
enamel 


MEETINGS FOR THE ENSUING WEEE. 


Monpay, Nov. 26..SOCIETY OF ARTS, John-street, 
Adelphi, W.C., 8 p.m. (Cantor Lectures.) Prof. 
John A. Fleming, ‘Electric Oscillations and 
Electric Waves.” (Lecture I.) 

Imperial Institute, South Kensington, S.W., 84 p.m. 
Mr. Clement L. Wragge, “The Work of the 
Queensland Weather Bureau, in its Relation to 
the Natural Resources and Commerce of Aus- 
tralasia.”’ 

Surveyors, 12, Great George-street, S.W., 8 p.m. 
Mr. A. Walmisley, ‘‘ The Roofing of Farm Build- 
ings.” 

Geographical, University of London, Burlington- 
gardens, W., 83 p.m. 

Actuaries. Staples-inn Hall, Holborn, 5} p.m. 

Camera Club, Charing-cross-road, W.C., 8} p.m. 

Medical, 11, Chandos-street, W., 83 p.m. 

London Institution, Finsbury-circus, E.C., 5 p.m. 
Prof. G. A. J. Cole. “The Earth’s Earliest In- 
habitants.” 

Tugspay, Nov. 27...Medical and Chirurgical, 20, Hanover- 
square, S.W., 8} p.m. 

Civil Engineers, 25, Great George-street, S.W., 8 
p.m. 1. Discussion on paper by Messrs. George 
Andrew Hobson and Edmund Wragg, “‘ The Metro- 
politan Terminus of the Great Central Railway.” 
2. Mr. Oscar Guttman, “ Machinery for the Manu- 
facture of Smokeless Powder.” 

Photographic, 66, Russell-square, W.C., 8 p.m. 
(Technical Meeting.) Mr. Francis Galton, *‘ Ana- 
lytical Portraiture.” 

Anthropological, 3, Hanover-square, W., 8} p.m. 
Mr. J. Paxton Moir, “ Stone Implements from 
Tasmania.”’ 

Colonial, Northumberland-avenue, W.C., 4} p.m. 
Dr. M. J. Finucane, “ The Islands and the Peoples 
of Fiji.” 

Wepnespbay, Nov. 28..SOCIETY OF ARTS, John-street, 
Adelphi, W.C., 8 p.m. Major Ronald Ross, 
“ Malaria and Mosquitoes.” 

Royal Society of Literature, 20, Hanover-square, 
W., 1 p.m. 

British Astronomical, Sion College, Victoria Em- 
bankment, E.C., 5 p.m. 

Tuurspay, Nov. 29...Linnean, Burlington-house, W., 8 p.m. 

London Institution, Finsbury-circus, E.C., 6 p.m. 
Mr. F. Lambert, “‘ The Caves of Jenolan.” 

Camera Club, Charing-cross-road, W.C., 8} p.m. 
Mr. Francis Galton, “ Analytical Photography.” 

Fripay, Nov. 30... Junior Engineers, Westminster Palace- 
hotel, S.W., 8p.m. Sir Lowthian Bell, Inaugural 
Address. 

SATURDAY, Dec. 1.. Botanic, Inner Circle, Regent’s-park, 
N.W., 3 pm. Mr. R. Hedger Wallace, “ First 
Principles of Colonisation and Plantation,” 
(Lecture III.) 


November 30, 1900.] 


JOURNAL OF THE SOCIETY OF ARTS. 17 


Journal of the Society of Arts, 


No. 2,506. VoL. XLIX. 
te ere 


FRIDAY, NOVEMBER 30, 1920. 


— 


All communications for the Society should be addressed to 
the Secretary, Fohnu-street, Adelphi, London, W.C. 


Notices. 
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COUNCIL. 


At their last mecting the Council elected 
Mr. Carmichael Thomas to fill the vacancy 
caused by the death of Mr. W. L. Thomas, R.I. 


EXAMINATIONS. 


Candidates in the Society’s Examinations in 
French will be allowed to avail themselves of 
the concessions specified in the decree of the 
French Minister of Public Instruction of July 
31, 1900, relative to the simplification of the 
teaching of French syntax. 


` APPLIED ART SECTION 
COMMITTEE. 


A meeting of the Committee of the Applied 
Art Section was held on Friday afternoon, 
23rd inst. Present: Sir George Birdwood, 
K.C.1.E., C.S.I. (in the chair), Alan S. Cole, 
Lewis F. Day, W. Gowland, Sir Walter S. 
Prideaux, R. Phené Spiers, H. H. Statham, 
John I. Thornycroft, with Sir Henry Trueman 
Wood, Secretary to the Society, and Henry B. 
Wheatley, Secretary to the Section. The 
arrangements for the Session were considered. 


INDIAN SECTION COMMITTEE. 


A meeting of the Committee of the Indian 
Section was held on Monday afternoon, 26th 
inst. Present: Sir Steuart Colvin Bayley, 
K.C.S.I., C.I.E., in the chair, Jervoise A. 
Baines, C.S.I., Sir George Birdwood, K.C.I.E., 
C.S.I., H. M. Birdwood, LL.D., C.S.I., Sir 
Henry W. Bliss, K.C.I.E., Everard R. 
Calthrop, F. C. Danvers, Sir Juland Danvers, 
K.C.S.1., Sir John Jardine, K.C.I.E., 


Alexander Rogers, Thomas H. Thornton, 
C.S.I., Arthur N. Wollaston, C.LE., W. 
Martin Wood, Andrew Yule, with Sir Henry 
Trueman Wood, Secretary to the Society, and 
S. Digby, S2cretary to the Section. The 
arrangements for the session were considered. 


CANTOR LECTURES. 


On Monday evening, 26th inst., Prof. JOHN 
A. FLEMING, D.Sc., F.R.S., delivered the first 
lecture of his course on ‘‘ Electric Oscillations 
and Electric Waves.’ The second lecture will 
be delivered on Tuesday evening, December 4. 

The lectures will be printed in the Journal 
during the Christmas recess. 

Members should take note of the alteration 
of the date of the next Lecture, Tuesday, 
December 4, instead of Monday, December 3. 


Proceedings of the Society. | 


Ee 


SECOND ORDINARY MEETING. 


Wednesday, November 28, 1900; Professor 
E. Ray LANKESTER, M.A., LL.D., F.R.S., 
Director of the Natural History Muscum, in 
the chair. 


The following candidates were proposed for 
election as members of the Society :— 


Dring, W. A., East Indian Railway, Calcutta, India. 

Field, Arthur Strickland, The Pryors, East Heath- 
road, Hampstead, N.W. 

Highet, R. S., East Indian Railway, Asansol, India, 

Latimer, Robert Edward, Hurstwood, Hale-end, 
Chingford, Essex. 

Leeson, William Frederick, 34, Great St. Helen’s, 
E.C., and Durban, Natal, South Africa. ' 

Mathews, Randle L., J.P., Stourton-court, Stour- 
bridge. i 

Palmer, Charles Stuart Russell, Outram-street, Perth, 
Western Australia. 

Richardson, J. Topham, The Barons, Reigate, 
Surrey. 

Ritchie, John Gerald, care of Grindlay and Co., 54, 
Parliament-street, S.W., and Bankipore, India. 

Seymour, Horace, C.B., Royal Mint, E. 

Shaw, Ferdinand Albert, Hale-place, East Peckham, 
near Tonbridge, Kent. 

Smith, James Cruickshank, B.Sc., 30, Davenport- 
road, Catford, S.E. 


The CHAIRMAN wished to. say, in introducing 
the reader of the paper, that its author, Major 
Ronald Ross, was the actual discoverer of the 
relation of mosquitoes to malaria, and it was his 
researches which had proved the fact that the 
disease was carried by those insects. 
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The paper read was— 


MALARIA AND MOSQUITOES. 
By Major R. Ross, D.P.H., M.R.C.S. 


It has been finely said of science that her 
children are born blind. Not so many years 
ago one of her progeny, the last born and, 
perhaps, the greatest of all—the science cf 

athology—was still almost sightless ; and we 
ascribed diseases, without the smallest experi- 
mental proof, to all kinds of causes, such as 
humours, chills, miasmas, and telluric and 
even heavenly influences. The latter half of 
the century, which is now behind us—the 
wonderful researches of Pasteur, Lister, 
Laveran, Koch, and many others scarcely less 
meritorious—have opened the world’s eyes in 
this respect. Pathology has become an experi- 
mental science. We now keep diseases 
labelled in our laboratories ; we measure them ; 
we examine them under the microscope; we 
produce them in animals at will; we prevent 
great outbreaks and save the lives of thousands ; 
we compel Nature herself to formulate cures 
for them; we put plague, cholera, typhoid, 
diphtheria, in bottles, so that we can hold 
them in our hands and look at them. 

It is my privilege to describe to you to-night 
one of the most remarkable of these revelations. 
In this small glass phial I have some of the 
deadly fever of the West African marshes. 
Still more wonderful, this poison does not lie 
here in the form of a mist as in the days of our 
blindness we would have expected to find it, 
but in the body of some zmsec¢#s—preserved in 
formalin. Had these insects been living, I 
should have been able to convince the most 
obdurate sceptic of the truth of my statement. 
As it is, I must rely upon more gentle if less 
summary methods of persuasion. 


THE DISEASE. 


First let us acquire some knowledge of the 
symptoms of this disease, malarial fever— 
perhaps the most important of all the diseases 
which afflict humanity. Fortunately we no 
longer have it with us in England; but sup- 
pose that one of us has travelled to Africa and 
has lived there for some time. Perhaps after a 
residence of only a week, perhaps after months, 
he begins to feel ill. Slight headache, aching 
in the bones, a mysterious chilliness, occurring 
even in the hottest weather, pervade him. 
Next, the glaring sunshine appears pale to 
him, and he feels as if he has been trans- 
ported to a cold climate. Suddenly he 


commences to shiver, his teeth chatter, 
his face and hands turn blue, he flings 
himself on his bed, calls for blankets, 
and remains huddled up, quaking so violently 
as to make the bed shake. Presently flashes 
of heat pass through him ; they increase ; the 
cold stage passes off ; he falls into a burning 
fever ; he wishes to fling away his bed-cover- 
ings; he groans with headache; he may even 
become delirious. Lastly, when the fever has 
remained some hours, a blessed perspiration 
breaks out; he feels better; his headache 
vanishes like magic; he perspires profusely ; 
the fever leaves him and he calls for food— 
apparently quite recovered, though a little 
pale and weak. 

This is a brief account of the typical 
malarial paroxysm with its three classical 
stages, the cold stage, the hot stage, and 
the sweating stage. Unfortunately, the re- 
covery does not endure. Precisely at the 
same time next day, or perhaps two or even 
three days later, all the symptoms recur. The 
patient is tortured by another paroxysm, which 
leaves him more weak than ever. Again, 
after the same interval, a third, a fourth, and 
more attacks come on. If the attacks occur 
every third day it is a guartan fever ; if every 
other day it is a ferfian fever; if every day, a 
quotidian fever; and if, as very frequently 
happens, especially in first attacks, the 
paroxysms are so violent and prolonged 
as, so to speak, to overlap and run together, 
the fever is a vemittent fever. If the patient 
has no physician, or does not do as his 
physician tells him, this state of things 
may last for weeks, or even months. He 
becomes very pale and weak ; his complexion 
acquires a peculiar dusky tinge ; his liver and 
spleen enlarge ; and he may even suffer from 
what are called pernicious paroxysms, which 
may kill him in a few hours. Generally, how- 
ever, spontaneous relief sets in after some 
weeks; the ague fits pass away; the patient 
thinks he has ‘‘shaken off’’ the illness entirely. 
Fond delusion! Almost certainly after a few 
weeks of false confidence the whole busi- 
ness commences again. And so the patient 
lives, stricken again and again by relapses, as 
a wrecked ship is stricken by the surf, until 
little but a mere waif of the original man is 
left. This waif crawls home to die; or, if he 
be more fortunate, to experieace almost com- 
plete recovery: in neither case, however, with- 
out a record of wasted years. In slight infections 
little more is experienced than occasional 
attacks of fever; in severe ones many of the 
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organs of the body remain profoundly vitiated 
for years. 


MALARIA AND HUMANITY. 


It is lucky for humanity that, compared 
with plague and cholera, malaria is not directly 
a very fatal disease. Its importance depends 
more upon its debilitating effects, and upon its 
immense prevalence in the tropics—especially 
in the most fertile countries. I wish that I 
could convey some of my own experiences in 
1ezard to these points. Take India for ex- 
ample. Here the natives have not become so 
habituated to the disease as the natives of 
Africa have, and therefore suffer more severely. 
Two years ago I was engaged in studying for 
the Government of India the very fatal form of 
malaria called ała azar. This disease had 
swept over Assam, destroying thousands and 
depopulating whole villages. Entering a 
hamlet one would find oneself surrounded by 
languid skeletons with melancholy faces, enor- 
mously enlarged spleens, and burning skins. 
Unable to work and starving, they would 
gather round the stranger for a moment and 
then fling themselves panting on the ground to 
sleep in the sun. Here is a photograph by 
Captain Rogers of some cases, almost all of 
whom ultimately died. Thousands and thou- 
sands of villagesin India possess numerous cases 
of the same kind. Those who have never been 
out of England can scarcely conceive the 
picture often seen in such places. Cretinism 
in Switzerland is a feeble imitation. Towns, 
hamlets, plantations in the richest countries, 
especially at the feet of mountain ranges, are 
the home of the disease. The most fertile 
districts, gifted apparently with every blessing 
of nature, are almost inaccessible to Europeans 
except at a great risk of infection. In active 
service one sees whole regiments come stagger- 
ing home, stricken by a disease which has been 
far more formidable than the enemy. Work- 
men employed on engineering works are deci- 
mated ; travellers and sportsmen are struck 
down ; and governments are confronted with a 
diminished revenue. In India alone the annual 
number of deaths attributed to fever is put at 
about 10,000 persons daily, far exceeding the 
worst ravages of plague. Inthe Indian army 
in 1897, out of a total strength of 178,197 men, 
there were 75,821 admissions into hospital for 
malarial fever during the year. If we 
extend the same ratio to the civil popula- 
tion, we must suppose that something 
like a hundred million persons have at least 


ene attack of malaria] fever every year in 


that country. When we remember that the 
same disease exists or abounds in almost every 
warm climate in the world, we shall be able to 
imagine what malarial fever really means to 
humanity. I believe that it is chiefly on 
account of this disease that civilisation has not 
progressed in the tropics as it has in temperate 
climates. Consider West Africa for instance. 
Here we have a rich country lying a few days’ 
sail from our shores. It is still a wilderness. 
The Europeans who go there must constantly 
return to Europe to recruit their health ; others 
die ; and every effort becomes disjointed in 
consequence. Our colonies there are in fact 
cemeteries. To give you an idea of how easily 
malarial fever is acquired on the West Coast of 
Africa, I may tell youthat amongst the crews 
of a line of steamers which merely touch at the 
various ports along the coast, no less than 
fifty per cent. are frequently attacked by fever 
—at least during the malaria season. I 
regret that I must add that the British nation 
is making no serious effort to combat this state 
of things. 


THE OLD THEORIES. 


But, you ask, cam we combat the disease— 
can we prevent it? Let me describe to you the 
facts which science has recently disclosed. 

In order tc be able to prevent a disease, we 
must first know exactly how it is produced. 
Until two years ago we were really quite 
ignorant on this important point in connection 
with malarial fever. We possessed only the 
wildest and vaguest theories, which, though 
they were accepted as dogmas by the world, 
had never received the test of experiment. No 
one had ever been able actually to produce the 
disease. When we said that malarial fever is 
due to a miasm which rises from the soil we 
were merely repeating gossip—we were merely 
using a symbol for an unknown quantity. We 
had no right whatever to make such a state- 
ment. No one had ever found the germ of the 
disease in any telluric miasm; no one had 
ever infected healthy persons by any telluric 
miasm, though many had attempted such 
experiments. In fact we were making the old 
mistake of accepting popular superstitions for 
facts. Scientific men, medical men, actually 
continued to support this formula as if it had 
received mathematical demonstration. It was 
laid down as an axiom in the text-books, and 
repeated in the class-room. 

These theories have proved to be wrong, but 
at the same time they were based upon a 
substratum of truth, [Get us enquire how 
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they originated. The experience of ages has 
elicited certain cardinal facts about the pre- 
valence of malarial disease. In the first place 
it is not a disease which passes directly from 
man to man, like small-pox or scarlatina; nor 
is it a disease which passes indirectly from 
man to man through the agency of drinking- 
water, like cholera or typhoid. It is essentially 
a disease which adheres to certain localities— 
an endemic disease, in fact. It does not 
spread over continents, like plague or cholera ; 
there is little movement about it; it is a 
stationary malady. More than this, it does 
not even infect whole countries, but chiefly 
certain spots. True, these spots are far more 
numerous in the tropics than in temperate 
climates, but still the fact remains. Thus, 
even in the tropics the valleys of mountains 
are malarious, the summits are free ; the oases 
in the desert are malarious, the desert itself is 
free; the villages lying near rich irrigated soil 
may be malarious, the dry surrounding plains 
are not. Again, if we exclude the relapses of 
fever which occur everywhere and at all seasons 
amongst those who have once been infected 
and have never entirely recovered, we find 
that in almost all malarious localities, only 
certain seasons—as a rule, the rainy seasons— 
are dangerous. Summing up the innumerable 
observations which have been made in this 
connection, we may say that malaria seems to 
be generally connected in some mysterious 
way with warmth, moisture, and rank vege- 
tation; with a hot sun, stagnant water, and 
often, with abundant undergrowth. In the 
valley, in the oasis, in the village surrounded 
by forest or irrigated fields, we have the two 
conditions—moisture and vegetation; in the 
tropics we have also the hot sun: hence it is 
precisely here where malaria most abounds. 
So far we dealt only with facts. But we 
were not content with these; we sought for 
some hypothesis to explain the facts; and we 
at once jumped to the conclusion that malarial 
fever must be due to a poison generated by 
damp soil and rank vegetation under a hot 
sun. Thus, only a few years ago, Surgeon- 
General Maclean defined malaria as follows :— 
‘ An earth-born poison, generated in soils 
the energies of which are not expended in the 
growth and sustenance of healthy vegetation. 
By almost universal consent this poison is the 
cause of allthe . . . . fevers, commonly called 
malarial.” The theory was natural enough, I 
admit ; but there was a weak point init. It 
was magnificent, but it was not science. 


Before admitting such a sweeping statement 


we should not have relied on ‘‘almost universal 
consent,” but we should have actually pro- 
duced the disease in a healthy person, living 
in a healthy locality, by some of this poisonous 
soil brought from a malarious place. That 
would have been indeed conclusive. Un- 
fortunately, it is always easier to construct 
theories than to verify them. We made no 
such experiment — successfully. On the 
contrary, we went on without pause to other 
theories. It came to be thought dangerous even 
to dig the soil, because the telluric poison 
would come rushing out of the hole made in 
mother earth! The Italian peasant would 
shudder at the odove della terra, and close 
fast his windows against it. The traveller in 
Africa would sleep under thick mosquito cur- 
tains in order to seclude the deadly miasms of 
the night. People would even point and say, 
‘“ Do you see the blue malarial mist creeping 
up the river:’’’—and would incontinently 
fortify themselves with strong drinks. 


CERTAIN CURIOUS INSECTS. 


Let us come now to the truth underlying all 
these far-fetched fancies. I have just shown 
you certain insects preserved in this little 
bottle. Now there is a very singular fact 
about these little creatures. Oddly enough 
their habits are precisely the same as those of 
the ogre called malaria—a fact worth atten- 
tion. They too require, as a rule, a hot sun, 
stagnant water, and often rank vegetation. 
They too are found in the valley rather than 
on the mountain top; in the oasis rather than 
in the desert ; in the village rather than on the 
plain. They breed in marshes; they live in 
undergrowth ; they swarm in the summer and 
during the rainy season. More than this, 
wherever competent observers have thorcughly 
studied the question, they have been always 
found to exist where malaria exists, or where it 
formerly existed. Thus they are still sometimes 
met with in the east of England, or near 
Edinburgh, or in Somersetshire—that is just 
where British malaria used to be years ago. 
Again, malaria has suddenly broken out quite 
recently in Zeeland in Holland; these insects 
were found there in numbers. They swarm in 
the deadly Campagna in Italy, and in 
pestiferous places in Africa, India, and 
America. In fact, so far as we know at 
present, malarial disease exists only in the 
presence of these insects. 


MOSQUITOES. 
Before going further, let me tell you some- 
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thing more about these creatures. They are 
mosquitoes. What is a mosquito? At the 
risk of disappointing my hearers, I must say 
that a mosquito is really nothing more dreadful 
that an ordinary gnat—that is to say, zoologi- 
cally, leg for leg, wing for wing, stripe for stripe, 
gnats and mosquitoes are the same thing. 
The English gnat, which is called Culex 
pipiens, is precisely the same animal which 
torments everyone so much in Venice and 
Calcutta. Why are they so annoying in hot 
climates and comparatively inoffensive in 
England? Simply because warmth suits them, 
and because, in warm climates, people sleep 
with open windows and without much covering. 
We can observe these facts even during an 
English summer. A mosquito, then, is only a 
gnat living in a hot country. But, of course, 
there are many different species of gnats or 
mosquitoes. In fact there are about 250 
species, divided into no less than 12 genera. 

The British Museum is now making an 
enormous collection of them from all parts 
of the world. As you know, perhaps, thoy 
rise from small grubs or larve which live in 
water and are often called wzgelers. The 
wigglers of English mosquitos can easily be 
found in water-butts during the summer. The 
ins2cts remain in the aquatic stage for one 
week in a hot climate to two or more in a 
cool one. They then b2come puse; and 
finally, bursting their shell, rise into the air 
and fly away to seek food, just as the butter- 
fly springs from the chrysalis. You must dis- 
abuse your minds of the idea that the winged 
gnats are ephemeral insects. Oa the contrary 
they can be kept alive in bottles for many 
weeks; and it is known that they often live 
all through the winter in cellars and out- 
hous2s. I think it quite possible that they 
live for a whole year when at liberty. As to 
food, they are certainly fond of fruit. Ifa 
banana be placed at night in a cage full 
of gnats, the insects will be seen walking 
over it and stabbing it with their proboscis 
in place after place. Unfortunately for man- 
kind—and it is even a fact of imperial im- 
portance—the female mosquito likes a more 
nutritious diet. Man, horse, dog, cow, rabbit, 
guinea-pig, and birds supply her table. With 
some species man is certainly the most popu- 
lar dish. With the wonderful little lancets 
of -her proboscis she punctures the skin, 
and then begins operatioas by injecting a 
minute quantity of saliva—which cause2s the 
irritation. Then she draws in the rich stream 
of blood {by means of a special suctorial 
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apparatus. It takes her two days to digest 
this copious meal—in a hot climate ; in a cool 
climate it takes longer. During this period 
she generally rests in the dark corners of a 
room or under leaves. When man is not pro- 
curable birds will suffice—at least for some 
species of gnats. The insects creep under the 
feathers of the birds when plunged into their 
heavy sleep. I have fed scores of mosquitoes 
in this manner in India—the birds do not seem 
to feel it. My assistant, who slept by the side of 
the cages, said that they never moved all night. 
After the female has digested her meal she 
flies to the water in order to lay her eggs. This 
done she returns for fresh food. Hence the 
life of the female seems to be passed between 
the water where the larvæ live and the houses 
or trees where food is so amply provided for 
her by nature. As a rule the males do not 
feed on blood, and seem to have a more 
ephemeral and less amusing existence. It 
may be interesting to add that these tiny 
insects have their diseases as higher animals 
do. They are often persecuted by large ticks 
fixed between their scales; and I have found 
in them five species of animal parasites—two 
of which are parasites also of man--besides 
bacteria and fungi. 

But the gnats which I have in this bottle are 
not of the ordinary kind called Culex. They 
belong to the genus called Anopheles. The 
females of Anopheles have long palpi; of 
Culex, short palpi. The Anopheles studied by 
me can also be distinguished at a glance, 
because when seated on a wall their bodies 
project at an acute angle; while the tails of 
Culex point towards the wall. As a rule, 
moreover, Anopheles have spotted wings, 
while Culex have plain ones; and the larvæ of 
the former float flat on the water, while the 
larvz of the latter float head downward. 

But there is another important difference 
which must be specially noted in connection 
with malaria. The larve of Culex live in 
almost any stagnant water—tubs, flower-pots, 
cisterns, broken bottles, drains, ditches and 
ponds. Hence these insects are found every- 
where ; and there is scarcely a town or village 
in warm countries without them. But it is 
otherwise with Axopheles, the larve of which 
prefer collections of water on the ground— 
rain-water puddles, sluggish rills, small ponds, 
roadside ditches, the margin of marshes and 
of small streams. Hence Anopheles abound 
only in low-lying localities where water 
suitable for them exists—and such localities 
are not ubiquitous. It must b? added 
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that Anopheles delight in thick, rank vegeta- 
tion. A traveller who camps in a clearing 
in the bush is often immediately attacked 
by hordes of these mosquitoes. Moreover, they 
swarm in the poor huts of natives built in 
proximity to pools of water. Every night they 
feed on the inmates and they can be found 
during the day gorged and asleep on the roof 
and in the corners. In short, it is as I have 
said—the habits of Anopheles are precisely 
similar to the habits, so to speak, of malaria. 


THE NEW THEORY. 


Let me now suppose, merely for the sake of 
argument, that malarial disease is caused by 
the bites of Anopheles, and then let us see 
how this hypothesis suits the facts. It suits 
them very well. For example, malaria occurs 
in warm climates, so do Anopheles; malaria 
occurs during the summer and the rainy season, 
so do Anopheles; malaria is connected with 
stagnant water and rank vegetation, so are 
Anopheles; malaria attaches itself to the valley 
and the village, so do Anopheles ; malaria is 
supposed to spring from the soil, Anopheles 
certainly spring from pools of water on the soil. 
Malaria is supposed to break out when the soil 
is disturbed ; excavations may produce pools 
suitable for Anopheles larve. Malaria pre- 
vails to an enormous extent in the poor dwell- 
ings of natives; Anopheles often swarm in 
them. Malaria is excluded by mosquito 
curtains, and has often been removed by 
draining the soil; the one also excludes 


Anopheles, and the other removes their 
breeding-pools. What a curious string of 
coincidences ! 


Still pursuing this new hypothesis, we shall 
see at once that in order to explain the known 
facts regarding malaria all we have to do is to 
change the phrase felluric miasm into the 
word Anopheles. We formerly thought, as 
the result of inductive reasoning rather than 
experiment, that malarial disease is caused by 
an infective agency rising from the soil. After 
all, we were really quite right. We were only 
wrong as regards a point of detail. The agency 
which produces infection does rise from the 
soil. But it is not a vapour; it is not a mist or 
an exhalation. It consists of swarms of 
minute insects which inject the poison directly 
into our veins. It is these insects which rise 
from the soil ! 


THE PROOF. 


But waita moment! Some of those who do 
me the honour to listen to me to-night will 


exclaim against such hasty assumptions. 
Are we to accept such a revolutionary idea 
merely on the strength of a string of coinci- 
dences? That Anopheles exist where 
malaria exists does not prove that they cause 
the disease. Precisely. But I said at the 
beginning of this paper that pathology has 
become an experimental science ; it no longer 
subsists on a basis of analogies; it requires 
the sternest microscopical and experimental 
proof before it adopts a new idea of this kind. 
And in this case such proofs have been ob- 
tained—we know as an absolute fact that A no- 
pheles actually do communicate the disease. 
There is nct in the whole range of science a 
principle more certainly established. 

The history of this discovery is one of the 
most interesting ever recorded. Unfortunately 
it is much too long, much too complicated and 
technical, to be given here. It has taken 
scientific men something like twenty years of 
persistent and exact microscopical and ex- 
perimental work to arrive at the results which 
we now possess. In this work scientists of the 
greatest distinction, living in many parts of 
the world, have joined their forces ; and others, 
no less distinguished, have formally accepted 
the soundness of the various investigations. I 
can only indicate very briefly the nature of this 
proof. It is based upon the following facts :— 

1. The germs of malaria live and grow in 
mosquitoes and collect in their salivary glands. 

2. Healthy men and birds bitten (under ex- 
perimental conditions) by mosquitoes infected 
by these germs develop the disease. 

The germs of malaria are very interesting. 
They are not bacteria like the germs of plague 
or typhoid, but minute unicellular animals 
which occupy the red blood corpuscles. 
Professor Ray Lankester was the first to dis- 
cover animals of this kind—in the blood of 
frogs. Some years later Laveran discovered 
that malarial fever is actually due to little 
organisms of a similar nature; and others 
quickly found allied parasites in birds, bats, 
monkeys, and reptiles. These creatures were 
carefully studied by many accurate micro- 
scopists; but though we found how they live 
in the blood and how they produce the 
characteristic fever (which breaks out every 
time they liberate their spores), we failed for a 
long time in ascertaining how they live out- 
side, and how they effect an entrance. Mean- 
time, however, the idea that they may live in 
the bodies of mosquitoes had been formulated 
by King, Laveran, Manson, Koch, Bignami, 
and others, J|t is impossible to give the steps 
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by which this idea was gradually verified. 
Three years ago the human parasites were 
actually found growing in the bodies of 
Anopheles which had previously bitten malaria 
patients. Next year the whole life-history of 
the malaria parasites of birds (which are not 
only bitten by mosquitoes, but also suffer from 
malaria) was worked out, and numbers of 
healthy birds were infected by the bites of the 
insects. A few months later healthy men were 
infected in the same manner in Italy. Since 
then these observations have been repeatedly 
verified. A Liverpool expedition found the 
malarial mosquitoes in West Africa, and 
studied their habits. Dr. Manson has infected 
people by mosquitoes in the heart of London ; 
and others have lived free from the disease in 
the Campagna, simply by sleeping in a 
mosquito-proof house. But perhaps the most 
important work done recently has been that of 
the expeditions of the Royal Society, and of 
the Liverpool School of Tropical Medicine, 
which have made a most elaborate and useful 
sanitary survey of the subject in Africa. To 
give you some idea of how thoroughly the 
matter has been studied I may tell you that 
there are something like a thousand publica- 
tions on the parasites of malaria in man, 
animals, and mosquitoes, exclusive of merely 
medical works on malaria. 


SCEPTICS. 


A friend of mine once told me that he did 
not believe in the theory of universal gravita- 
tion. On inquiry I found he did not know the 
difference between a triangle and a parallelo- 
pipedon. He clamoured for proof, and was 
only disgusted when I advised him to begin 
with the multiplication table. Personally, I 
generally find that those who disbelieve in the 
mosquito theory of malaria have not read 
many of the thousand publications which I 
have just mentioned. Usually they are people 
who imagine that because they have once had 
fever, they know all about the subject—just as 
a man who has once broken a leg may think 
that he instantly becomes a qualified surgeon 
in consequence. Such opponents are fre- 
quently irreconcilable. I advise my country- 
men to accept the opinion of better quali- 
fied judges, and may simply add that the 
mosquito theory was fully proved two years 
ago. 

It should be added that several other diseases 
of men and animals are known tq be carried 
by various insects, ae 


4 


OTHER METHODS OF INFECTION. 


Are there any? Up to the present all 
investigations show that the parasites are 
merely carried from one person to another by 
the proper kind of mosquito. They also tend 
to show that this method of infection suffices to 
explain allthe known facts. Thus it has been 
found in some malarious places that almost 
all the native children are infected, and that 
up to 25 per cent. or more of the Anopheles 
caught there contain the germs. It is, there- 
fore, easy to see, without invoking any other 
agency, how likely it is for strangers to be 
attacked in such places. We can easily 
imagine, for instance, the fate of the confiding 
sailor who enters the inviting house of the 
native liquor dealer, and is bitten by some 
scores of Anopheles within an hour or two. In 
short, the wonder is that anyone escapes in 
such places. There are many strong reasons 
against the idea of other modes of infection— 
none in favour of it. 


PREVENTION. 


I should like to add a few serious words on 
this all-important part of the subject, more 
especially as I have not had an opportunity of 
speaking on it for a year and a half. Since I 
spoke last, much additional information has 
been gathered regarding the habits of Ano- 
heles, and the time is now ripe for some 
movement against malaria to be attempted. 

Acts of prevention may be private or public. 
It is not necessary to delay you with a con- 
sideration of the former. The prophylactic 
use of quinine, the careful employment of 
mosquito nets and window screens, and the 
destruction of larvæ round the house, can and 
should be attended to by everyone in malarious 
places. Public or municipal measures, how- 
ever, demand examination, because there are 
already several rival methods in the field, each 
of which requires a certain expenditure of 
money and time; and because, before incurring 
this expenditure, we should inquire which 
method is likely to give the best results for the 
least cost. 

Koch, who has been making admirable studies 
in the East, thinks that the mosquitoes should be 
left alone, and that we should attack the para- 
sites in man by means of quinine. In short he 
advocates cinchonising a whole community. 
When we consider that a large percentage of 
children and many adults are always infected 
in malarious places, this means a serious and 
expensive undertaking. It may be practicable 
in civilised countrjes, where the people are 
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intelligent enough to appreciate such efforts ; 
and I believe that an attempt is to be made 
to eradicate malaria by this means from the 
whole of Italy, and think that the attempt will 
succeed. Koch’s method will also be useful 
in military and naval practice, and with gangs 
of coolies under European control; and may 
even succeed under strong German forms of 
government in German colonies. But it is 
impossible under the weaker British rule. It 
would be amusing to see an attempt made to 
- cinchonise a city, say of 30,000 natives, such as 
Freetown, Sierra Leone, for example. The 
people often absolutely refuse to have their 
blood examined even on payment, and it 
would require a military expedition to force 
them and their children to take repeated doses 
of quinine for many months. In India, Govern- 
ment is not even strong enough to compel 
segregation against such a deadly malady as 
plague, and is not likely to be strong enough 
to force quinine down the throats of a people 
who disbelieve in European remedies. Even if 
the measure were legally possible, it would be 
enormously expensive. An army of doctors 
and tons of quinine would be required, and 
after a whole town is cinchonised, constant 
care would be required to deal with immi- 
grants, marketers, coolies, and traders who 
would always be swarming in and starting 
fresh infections. No, this method will not do 
In our possessions. 

Another method is that of guarding Europ- 
eans by mosquito-proof houses. This should, 
of course, always be tried where possible, but 
it will be most inadequate as a public measure. 
It will leave the mass of the population, includ- 
ing poor whites, many traders, sailors and 
others, quite unprotected, because such persons 
will seldom be able to afford or use the means 
required. In Africa few people use even 
ordinary mosquito-nets, and still fewer are 
likely to go to the expense of buying wire 
window-screens. Moreover, in Africa, I fancy, 
most Europeans really become infected in the 
houses of the natives. Again it will probably 
be found that window screens of galvanised 
iron wire rust very rapidly, and that screens 
of copper or brass wire will be ultimately re- 
quired. These are expensive. Lastly, screened 
houses are likely to be very hot and uncom- 
fortable in tropical countries, where it is im- 
possible to exist without the breeze. This 
method is likely to be popular with Govern- 
ments, because it will enable them to shift 
their responsibilities on to private persons ; but, 
by itself, it will do little good. 


On the whole, after careful consideration, I 
adhere to the method proposed by me to the 
Government of India nearly two years ago, 
namely, that of careful surface drainage. To 
this I add removal of undergrowth and the use 
of powdered culicicides in certain cases, and, 
if possible, segregation and large, airy houses 
for Europeans. My views on this point have 
been much misrepresented. I have never 
thought and never said that it would be 
possible to exterminate mosquitoes throughout 
Africa, for instance. I have always referred 
expressly to the large fowns. I did think, and 
I still think, that by careful treatment of the 
whole area of a malarial city in the manner 
mentioned, and by employing agents to 
destroy larvez, the mosquitoes can at least 
be very greatly reduced in numbers. It 
may prove impossible to deal with some 
water-logged towns in this manner; but 
in other towns the task will be easier. Koch 
thinks it impossible to cradicate gnats. Now 
I have always been able to keep my house 
comparatively free from them in India, and 
can also point to the well-known fact that 
malaria has often been actually expelled by 
surface-drainage. What has been done before 
can be done again. Of course a certain 
expense must be incurred; but I am sure it 
will be much cheaper, as well as far more 
satisfactory, to rid a town of all its mos- 
quito-breeding pools, than to rid all its in- 
habitants of malaria parasites by quinine, or 
to provide them all, or even many of them, 
with copper-wire screens to their windows. I 
have been studying this subject probably 
twice as long as anyone else has, and am 
confident that the method I propose will in the 
end be the cheapest and most effective. I 
think also that it will not present as much 
difficulty as some anticipate. 

Of course outside the towns we can only fall 
back on our screens and nets as a rule; but 
inside them, good drainage, clearance of 
underwood, municipal penalties for breeding 
mosquitoes, and so on, should be insisted on. 
We must remember that mosquitoes have been 
convicted of carrying elephantiasis, and per- 
haps yellow fever as well as malaria; and it 
is high time that serious measures should be 
employed against them in our principal 
colonial cities. 

I regret much that, though it is now nearly 
two years since the mosquito theory was estab- 
lished and was accepted by the most eminent 
pathologists in Europe, no steps whatever seem 
yet to have been taken by our Governments to 
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prevent the disease in accordance with this 
new discovery. Yet these Governments possess, 
I believe, some thousands of doctors, besides 
Sanitary engineers, sanitary inspectors, health 
officers, municipal commissioners, and so on, 
all of whom cost the ratepayers a large 
sum. This army could be easily set in motion 
by a word from London. But that word has 
not been forthcoming. Meanwhile the murder 
continues. 

In conclusion, I may perhaps be allowed 
to express a wish that our leading scientific 
societies would exert their influence with 
Government in this direction. In my opinion 
the period of probation has been completed, 
and the time for action has arrived. Nothing 
will stimulate public action in this matter so 
much as will the authoritative support of our 
principal men of science. 


DISCUSSION. 


The CHAIRMAN said that the parasite of malaria 
was discovered by Dr. Laveran in the blood corpuscles 
of persons suffering from that disease; similar 
parasites were found in the blood corpuscles of birds, 
and some years previously (1871) he (Prof. Ray 
Lankester) had found a similar parasite in the blood 
corpuscles of the frog. But the present knowledge of 
how the parasite got into the blood of man and 
caused malaria was due to the researches of Major 
Ronald Ross. Major Ross had studied the 
malarial parasite of birds as being more easy to deal 
with, and found that the common gnat, a species of 
Culex, sucked up the blood of birds which were 
affected by the parasites. The latter, having entered 
the stomach of the insect, then underwent certain 
changes. They swelled up and afterwards broke 
up into extremely minute filiform particles 
(which he had called filiform young), which 
were injected by the gnats into other birds. 
Having discovered that, Major Ross had proceeded 
to search for a similar history in the case of man. 
He experienced considerable difficulty, but eventually 
found that the spotted winged gnat Anopheles played 
the same part towards human beings as the common 
Culex did in the case of birds. In the meantime 
others had been studying the matter, and questions 
had been raised as to priority in relation to the 
discovery of the particular gnat which carried the 
parasite of man. Certain Italian observers claimed a 
share of that, but they were all unanimous in 
attributing to Major Ross the discovery of the curious 
history of the passage of the crescent-like parasite into 
the gnat’s stomach, where it underwent those remark- 
able changes which had been described. Major Ross 
was really a great discoverer with regard to the history 
ofthedisease. With reference to preventive measures, 


an important fact to remember was that malaria had 


disappeared from this country within the last forty 
years. Major Ross had not mentioned the fact, but 
malaria was the same thing as ague, and ague had 
ceased to exist in this country within the knowledge 
of many living people. Sir Samuel Wilks, the late 
President of the College of Physicians, had told him 
that an epidemic of ague took place when the Crystal 
Palace was built. No doubt the digging up of the 
soil and the formation of pools, in which the Anopheles 
could breed, were connected with that outbreak. How 
was it that malaria had disappeared out of this country ? 
It certainly was not because of the destruction of the 
Anopheles, of which there were probably as many in 
England to-day as ever. Malaria had disappeared from 
the fens of Cambridgeshire and otherlow-lying districts, 
owing to the use of quinine. The parasite had been 
killed in the human being, and, therefore, the gnat 
could obtain no fresh supply. As that was apparently 
the way in which malaria had disappeared in this 
country, if it was ever to be made to disappear in 
other countries it must be by the same method, as 
Dr. Koch had suggested. On the other hand, as a 
local measure the Anopheles should be destroyed as 
far as possible. With regard to destroying gnats 
over any considerable area by that method, he con- 
fessed he was not so sanguine as Major Ross, who, 
however, had had more experience in the matter than 
he could profess to have. As a general measure he 
thought the destruction of gnats would be a very 
difficult thing, but it was undoubtedly one which 
could be applied to small localities. With reference 
to screen illustrations of microscopic subjects, he 
much preferred drawings to photographs, the latter 
being almost invariably obscure and indefinite. 


Dr. HENRY STRACHAN (Chief Medical Officer of 
Lagos) said that the paper was of the very greatest 
interest and importance to those who, like himself, 
were endeavouring to prevent the spread of malarial 
fever, and Major Ross certainly ranked amongst the 
greatest benefactors of the world by his discovery of tke 
life history of the malarial organism. Through that 
discovery the lines which must be worked upon were 
clearly indicated. He considered the methods recom- 
mended by Professor Ray Lankester and by Major 
Ross were of equal importance, and there was also a 
third method, viz., self-preservation by means of gauze 
nets, and so forth. People must be taught to protect 
themselves. The difficulties in the way, however, 
were enormous. They had to deal, on the one hand, 
with a primitive race who believed everything was due 
to gods, devils, or witch-men, and that it was 
useless to combat anything; and on the other, with 
regard to Europeans, they were generally careless, 
and would take no trouble. The drainage at 
Lagos was a matter of very great difficulty, Lagos 
being a sandbank in the midst of a lagoon, the 
highest part of which was only 19 feet above sea- 
level. During the rainy season the rain came down 
in sheets for weeks at atime. But although draining 
the pools which were formed was impracticable, 
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paraffin and other oils could be used. He was not so 
optimistic as Major Ross on the subject of poisons, 
which the mosquitoes resisted wonderfully, but with 
an extremely attenuated film of paraffin oil on the 
surface of the water they were unable to breathe and 
died from suffocation. He thought paraffin was a 
very strong ally, and it had the advantage of being 
cheap as a little would spread over an enormous area. 
By that method, by the use of quinine and other 
devices, he hoped that in time tropical countries 
would be cleared of malaria as this country had been 
of ague. 


Lord BELHAVEN AND STENTON said that from 
1860 to 1863 he was stationed in Mauritius, which 
was then one of the healthiest places in the world. 
He particulaily remembered they had no malarial 
fever there, and there was very little sickness of any 
kind, although it had been pointed out to him by a 
medical friend that by its situation it ought to be a 
hot-bed of fever. Shortly afterwards he was sent to 
another station, and within a few weeks he heard 
that all his friends in Mauritius were suffering from 
a vlolent attack of malaria, and the whole place was 
infected, especially about Port Louis. There was 
an enormous number of mosquitoes there, and the 
natural conclusion was that some fever-infected 
person visited the place and was bitten by the in- 
sects who carried the disease on to other people. 


Mr. OSWALD WHEELER asked whether everyone 
bitten took malaria, or if there were anything in the 
constitution of certain men which rendered them 
immune to it. He mentioned the case of two friends, 
one of whom lived in Rio de Janeiro for some time, 
and the other spent five years in India, chiefly on the 
coast, who had both been free from the disease, 
although most of the Europeans about them had 
taken it. The general opinion of Europeans in the 
British India Company’s service was that those who 
perspired freely, as had the two men he had referred 
to, were immune, but, of course, that was only 
amateur conjecture. 


Mr. ALEXANDER ROGERS inquired whether any 
distinct interval was noticed to elapse between the 
time of the bite of the insect and the commencement 
of the disease. 


Mr. T. J. ALLDRIDGE wished to know whether 
malaria was only conveyed by mosquitoes, or if it were 
also communicated by sand-flies and hornets. He 
had been Her Majesty’s Commissioner at, and 
had but recently returned from, Sherbro’, one of the 
most pestilential places on the West Coast of Africa, 
where the attacks of the latter insects were far more 
dreaded than the mosquitoes. His experience was 
that mosquitoes were not found where there were 
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stagnant pools, but along the course of the rivers. 
Having travelled many thousands of miles in the 
hinterland of Sierra Leone, and having been the 
pioneer who opened up the Afridi country, and made 
treaties on behalf of Her Majesty, he was in a position 
to say that but few mosquitoes were met with fifty 
miles from the coast. There were, however, plenty 
of centipedes and other creatures. 


Mr. J. I. Tracy called attention to the fact that 
during Baron von Humboldt’s lifetime the idea 
had been promulgated that the mosquito might 
probably convey malaria, but that celebrated 
traveller and naturalist had combated that view, 
and thought it was spread in South America by 
means of the dead bodies of insects floating in the 
air over the banks of the Amazon and the 
Orinoco. 


Mr. C. E. CAMPBELL asked if Major Ross had 
indicated all the causes of malaria. 


Major Ross, in reply, said with regard to the 
question whether everyone who was bitten got 
malaria, almost all the birds experimented upon 
took it, and those who escaped the first time 
took it the second. There were cases in which 
persons appeared to have escaped, possibly owing to 
taking quinine or using mosquito nets, or not 
having been bitten by an infected insect. 
In answer to other questions, he stated there 
was a well-known period of incubation, lasting from 
two days up to twenty, or even longer—the usual 
period being one or two weeks. No proof had been 
obtained that sandflies carried the disease, and it was 
not very likely, inasmuch as malaria existed in many 
places where sandflies did not. The same remark 
applied to scorpions, &c. It was well-known that 
mosquitoes did not breed in large tanks, possibly 
because they were eaten by fish. As to malaria 
being conveyed by the air he did not think that was 
at all likely. With regard to the Chairman’s remark, 
he would certainly in future illustrate his lecture by 
drawings rather than by photographs, 


The CHAIRMAN, in proposing a vote of thanks to 


Major Ross, stated that the Colonial Secretary, Mr. 


Joseph Chamberlain, had taken a very great personal 
interest in the subject-matter of the paper. More than 
two years ago he had consulted the Royal Society on 
the matter, and asked them to appoint a committee 
for the purpose of studying malaria in the tropical 
possessions of the British Crown. That committee 
was formed, and medical men had been sent first to 
the East Coast and then to the West Coast of Africa 
especially to study the disease, in the hope of being 
able to reduce its prevalence, 


The vote of thanks was carried unanimously. 
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Correspondence. 
— 


THE ORIGIN OF SCIENTIFIC SOCIETIES. 


Members of the Society of Arts cannot fail to be 
grateful to Sir John Evans for his masterly address 
which is suggestive of so many interesting questions 
relating to the inception of our leamed societies. 
While it is, I presume, improper for a member to 
discuss the Chairman's views, Sir Jobn will perhaps 
permit me, as the subject of his address is in no way 
a controversial one, to add to the list of bodies men- 
tioned by him as having been erected on foundations 
laid by the Society of Arts, the name of the Iron and 
Steel Institute, for it was in the hall of the Society of 
Arts that the Duke of Devonshire, the first president 
of the Institute, delivered on the evening of June 23, 
1869, the inaugural address. 

As a further illustration of the early influence shown 
by Sir John Evans to have been exerted by the 
Society of Arts and by the Royal Society, I should 
like to point out that from these two societies was 
indirectly derived the first Institution of Mining 
Engineers, which was founded in 1786 by Ignatius 
von Born in Hungary, and included members from 
fifteen different countries. Amongst these members 
were James Watt, Matthew Boulton, Sir William 
Hamilton, Goethe, Lavoisier, and many others of the 
most brilliant investigators of the period. The 
founder of the mining society had been elected a 
Fellow of the Royal Society in 1774. Richard 
Kirwan, another member, the author of the first 
systematic treatise on mineralogy in English, 
was elected a Fellow of the Royal Society in 
1780, and received the Copley Medal in 1782. 
Other members of the mining society also belonged 
to the Royal Society. Tennant, the discoverer of 
osmium and iridium, was elected a Fellow in 1785, 
and received the Copley Medal in 1804; Sir A. 
Hume, one of the founders of the Geological Society 
of London, was elected a Fellow of the Royal Society 
in 1775, and was senior Fellow at his death; Peter 
Wou'ff, the inventor of the three-necked bottle bear- 
ing his name, and John Hawkins, who wrote on the 
geology of Comwall, were also Fellows. The rules 
of the mining society were obviously adapted from 
those of the Society of Arts. Owing to the death of 
its founder, the mining society came to an end in 
1791. Its finances were in a critical condition, its 
leading French members perished on the scaffold 
during the Reign of Terror, and its other losses 
by death were very great. It, however, did 
excellent work during its brief existence; and 
the ideas embodied in its constitution were 
subsequently developed in a remarkable manner in 
the numerous mining institutes founded on similar 
lines. 


BENNETT H. BROUGH. 
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MEETINGS OF THE SOCIETY. 
ORDINARY MEETINGS. 


Wednesday evenings, at Eight o’clock :— 


DECEMBER 5.—“ Road Traction.” By PROF. 
H. S. HELE-SHAW, LL.D., F.R.S. SIR ALEXANDER 
BINNIE will preside. 

DECEMBER 12.—“ The Treatment of London 
Sewage.” By ProF. FRANK CLOWES, D.Sc. R. 
BRUDENELL CARTER, F.R.C.S., will preside. 

DECEMBER 19.—“ The Siege of Ladysmith.” By 
W. T. Matp (special artist to the Graphic). 


Papers for meetings after Christmas :— 

“ Recent Inventions in Weaving Machinery.” 
PROF. ROBERTS BEAUMONT. 

‘‘Multicolour Printing.” By ELMER Z. TAYLOR. 

‘ The Synthesis of Indigo.” By Pror. RAPHAFL 
MELDOLA, F.R.S., 

« School Work in Relation to Business.” 
Sır JosHvua FITCH, LL.D. 

“ Evolution of Form in English Silver Plate.” By 
Percy. T. MACQUOID. 

« Clocks, Carillons, 
JOHNSTON. 

‘The Proposed High-Speed Electrical ‘ Mono- 
rail’ between Liverpool and Manchester.” By F. B. 
BEHR. 

“ Photography of Natural Colours by the 
McDonough-Joly Process.” By H. SNOWDEN 
WARD. 

“The Outlook for the World’s Timber Supply.” 
By Dr. W. SCHLICH. 

“« Patent Law Reform.” 
SIEMENS. 

“ Mbdem Artillery.” By LIEUTENANT ARTHUR 
TREVOR Dawson, late R.N. 

“« Testing Distant Vision.” 
CARTER, F.R.C.S. 


By 


By 


and Bells.” By A. A. 


By ALEXANDER 


By R. BRUDENELL 


INDIAN SECTION. 


The meetings of this Section will take place 
on the following Thursday afternoons, at 4.30 
o’clock :— 

January 17, February 14, 28, March 12, April 16, 
May 16. 


COLONIAL SECTION. 


The meetings of this Section will take place 
on the following Tuesday afternoons, at 4.30 
o'clock :— 

January 22, February 19, March 19, April 30. 


APPLIED ART SECTION. 

The meetings of this Section will take place 

on the following Tuesday evenings,: at 8 
o'clock :— i 

January 15, 29, February 12, March $, 


April 16, 
May 21. l 
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CANTOR LECTURES. 

The following courses of Cantor lectures 
will be delivered on Monday evenings (except 
December 3), at 8 o’clock :— | 
PROF. JOHN A. FLEMING, M,A., D.Sc., 

F.R.S., “ Electric Oscillations and Electric 

Waves.’’ Four Lectures. 


LECTURE II.—TuESDAY. DECEMBER 4. 

Electric Resonance.—The Free Period of Vibration 
of an Electrical System—Tuned or Resonant Circuits 
— Damping of Oscillations—Good and Bad Radiating 
Circuits—Electric Resonance as a Phenomenon in 
Optics. 

LECTURE JII.—DECEMBER 10. 

The Electromagnetic Medium.—The Two Con- 
stants of the Medium—The Unitary Ratio “ v ”— 
Study of Dielectric Constants — Maxwells Law— 
Low Temperature Effects. 


LECTURE IV.— DECEMBER 17. 

Electric Waves.—Hertz’s Discoveries—Production 
of Electric Waves—Experimental Study of their Pro- 
perties — Electro-optical Phenomena — Reflection, 
Refraction, Absorption, and Polarization of Electric 
Waves, and Apparatus for their Detection and 
Measurement. 


Lecture Two will be delivered on Tuesday evening, 
December 4, instead of Monday, December 3, in 
consequence of the annual dinner of the Institution 
of Electrical Engineers being fixed for the latter date. 


J. LIBERTY TADD, “Elementary Art Educa- 
tion.” Four Lectures. 
January 14, 21, 28, February 4. 


MEETINGS FOR THE ENSUING WEEK. 


Mownpay, Dec. 3 ...Royal Institution, Albemarle-street, W., 
5p.m. General Monthly Meeting. 

Engineers, in the’ Theatre of the United Service 
Institution, Whitehall, S.W., 74 p.m. Mr. Henry 
C. H. Shenton, “Recent Practice in Sewage 
Disposal.” 

Chemical Industry (London Section), Burlington- 
house, W., 8 p.m. Mr. W. J. Dibdin, “ Coal- 
Gas ; effect of quality on consumption.” 

Imperial Institute, South Kensington, S.W., 83 p.m. 
Mr. James Stirling, *‘The Australian Alps, 
Scenery, Native Vegetation, and Mineral Wealth.” 

Camera Club, Charing-cross-road, W.C., 8} p.m. 

Victoria Institute, 8, Adelphi-terrace, W.C., 4} p.m. 
Mr. Theophilus G. Pinches, report on ‘‘ The Pro- 
ceedings of the Congress for the History of 
Religion, Paris.” 

London Institution, Finsbury-circus, E.C., 5 p.m. 
The Hon. John Collier, “ Varying Ideals of 
Human Beauty.” 

Tuespay, Dec. 4..SOCIETY OF ARTS, John-strect, 
Adelphi, W.C., 8 p.m. (Cantor Lectures.) Prof. 
John A. Fleming, ‘Electric Oscillations and 
Electric Waves.” (Lecture 11.) 

Civil Engineers, 25, Great George-street, S.W., 8 
p.m. 1. Discussion on Mr. Oscar Guttman’s 
paper, ‘‘ Machinery for the Manufacture of Smoke- 
less Powder.” 2. Mr. Alfred Weeks Szlumper (a/ 
t The Signalling on the Waterloo and City Rail- 


way”; (5) “Note on the Signalling of Outlying 
Siding Connections.” 3. Mr. Stephen Butler 
Cottrell, “ Signalling on the Liverpool Overkczd 
Railway.” 

Pathological, 26, Hanover-square, W., 8} p.m. 

Photographic, 66, Russcll-square, W.C., 8 p.m. 
(Lantern Meeting.) Col. J. Gale, “ Lantern Slides, 
Pastoral and Sundry.” 

Zoological, 3, Hanover-square, W.,8} p.m. 1. Mr. J. 
S. Budgett, “ The Breeding Habits of Protopterus, 
Symnarchus, and some other West African Fishes.” 
2. Mr. J. Lewis Bonhote, “The Mammals collected 
during the Skcat Expedition to the Malay Penin- 
sula, 1809-1900.” 3. Mr. Nelson Annandale, “The 
Habits and Natural Surroundings of Insects and 
other Animals observed during the Skeat Expe- 
dition to the Malay Peninsula, 1899-1900." 


Wepxespay, Dec. 5.. SOCIETY OF ARTS, John-street, 
Adelphi, W.C., 8 p.m. Prof. H. S. Hele-Shaw, 
“Road Traction.” 

Geological, Burlington-house, W., 8 p.m. 

Entomological, 11, Chandos-street, W., 7 p.m. 

Archxological Association, 32, Sackvillie-street, W., 
8 p.m. 

Obstetrical, 20, Hanover-square, W., 8 p.m. 

Archxological Institution, 20, Hanover-spuare, W., 
4 p.m. 

Biblical Archzology, 37, Great Russell-street, W.C., 
8 p.m. 

Tuvurspay, Dec. 6...Royal, Burlington-house, W., 44 p.m. 
Antiquaries, Burlington-house, W., 83 p.m. 
Linnean, Hurlington-house, W., 8 p.m. 2. Mr. C. 

Chapman, “ Some New Foraminifera from Fana- 


futi.’ 2. Mr. G. Claridge Druce, ‘ British 
Thrifts.” 
Chemical, Burlington-house, W., 8 p.m. 1. Mr. 


Alfred C. Chapman, “ Santalenic Acid.” 2. Mr. 
A. Scott,‘ Ammonium Bromide and the Atomic 
Weight of Nitrogen.” 3. Dr. A. E. Dixon, 
“Interaction between Urethanes and Primary 
Benzenoid Amines.” 4. Mr. W. H. Sodeau, “ Ihe 
Decomposition of Chlorates ” (Part III.—Calcium 
Chlorate and Silver Chlorate). 5. Mr. Gilbert J. 
Fowler, “Nitride of Iron.” 6. Messrs. Gilbert J. 
Fowler and Philip J. Hartog, “The Heat of 
Formation and Constitution of Iron Nitride.” 7. 
Messrs. H. J. H. Fenton and H. O. Jones, “ Re- 
lationships of Oxalacetic Acid.”’ 

London Institution, Finsbury-circus, E.C., 6 p.m. 
Rev. Canon Benham, “ Gilray and his Carica- 
tures.” 

Camera Club, Charing-cross-road, W.C., 8} p.m. 

Civil and Mechanical Engine2rs, Hotel Victoria, 
Northumberland - avenuc, W.C., 8 p.m. Prof. 
R. H. Smith, “Valve Gears and Valve Diagrams.” 

Fripay, Dec. 7...Civil Engineers, 25, Great George- street, 
S.W.. 8 p.m. (Student? Mecting.) Mr. F. K. 
Peach, **‘ Dock Gates.” 

Botanic, Inner Circle, Regent’s-park, N.W., 3 p.m. 
Mr. R. Hedger Wallace, “First Principles of 
Colonisation and Plantation.” 

Geologists’ Association, University College, W.C., 
8 p.m. Dr. A. W. Rowe, ‘The Zones of the 
White Chalk of the English Coast.” (II. Dorsct- 
shire.) 

Quckett Microscopical Club, 20, Hanover-square, 
W.C., 8 p.m. 

SATURDAY, Dec. 8... Waterworks Engineers, Geological 
Socicty’s Rooms, Burlington-house, W., 11 a.m. 
(Half-yearly Meeting.) 1. Discussion on “ Report 
from the Watcr Boards Committec on the Control 
of Water Undertakings and Sources of Water 
Supply.” 2. Mr. William Matthews, ‘‘ The Pro« 
tection of Underground Water.” 
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the Secretary, Fohu-street, Adelphi, London, W.C. 


Notices. 
S 


CANTOR LECTURES. 


Professor JOHN A. FLEMING, D.Sc., F.R.S., 
delivered the second lecture of his course, on 
‘ Electric Oscillations and Electric Waves,” 
on Tuesday evening, 4th inst. The third and 
fourth lectures will be delivered on Monday 
evenings, Dec. 10 and 17. 

The lectures will be printed in the Journal 
during the Christmas recess. 


JUVENILE LECTURES. 


The usual short course of lectures adapted 
for a juvenile audience will be given on 
Wednesday afternoons, January 2 and g, 1901, 
at 4.30 o’clock, by E. WALTER MAUNDER, 
F.R.A.S., Superintendent of the Solar Depart- 
ment, Greenwich Observatory, on ‘‘ Eclipses.” 

A sufficient number of tickets to fill the room 
will be issued to members in the order in which 
applications are received. Subject to these 
conditions each member is entitled to a ticket 
admitting two children and an adult. 

The tickets for the lectures are now ready 
for issue. 


EXAMINATIONS, 1901. 


The following is a list of the Examiners in 
the various subjects :— 

Arithmetic (Grade II.), Commercial Arith- 
metic (Grade I.).—R. Wormell, M.A., D.Sc. 

English (Grade II.).—Sir Joshua Fitch, M.A., 
LLD., late H.M. Inspector of Training Col- 
leges. 

Book-keeping (Grade II.), Elementary Book- 
keeping and Office Routine (Grade 1.).— 
G. Walter Knox, B.Sc., F.C.A. Assistant 
Examiner: L. Cuthbert Cropper, F.C.A. 

Commercial Geography (Grade II.), Com- 


‘Russian (Grade II.)—Very Rev. 


mercial History and Geography (Grade I.). 
—G. G. Chisholm, M.A., B.Sc., Member of 
Faculty of Economics and Statistical Science 
at the University of London. 

Shorthand (Grade II. and Grade I.).—Allen 
Woolterton Reed. 

Typewriting (Grade II.), Elements of Type- 
writing (Grade I.).—Mrs. Marshall. 

Economics (Grade II.).—W. A. S. Hewins, 
M.A., Pembroke College, Oxford; Director 
of the London School of Economics and 
Political Science ; Tooke Professor of Eco- 
nomic Science of Statistics at King’s College, 
London; Examiner in Political Economy in 
the University of London; &c. 

Précis-writing (Grade II.).—Stephen Cassan 
Paul. 

French (Grade II.).—Alphonse Mariette, M.A., 
Fellow and Emeritus Professor of French at 
King’s College, London. 

Preliminary French (Grade I.).—D. de Fon- 
tanier, Examiner to the Royal Naval 
Medical Service, the City and Guilds of 
London Technical Institute, &c. 

German (Grade IJ.).—Preliminary German 
(Grade I.), F. de Baudiss, Senior Modern 
Language Mastcr at University College 
School, London; formerly Modern Lan- 
guage Master at Wellington College; 
Examiner in German to the Institute of 
Bankers. 

Italian (Grade II.).—Professor N. Perini, King’s 
College, London ; Examiner to the University 
of London, tothe Victoria University, to the 
Royal University of Ireland, to the Civil 
Service Commissioners, and to the Royal 

, Military Academy, Woolwich. 

Spanish (Grade II.).—R. Ramirez, Professor 
of Spanish at King’s College, London; Ex- 
aminer to the Law Society, London Chamber 
of Commerce, &c. 

Portuguese (Grade II.).-—Jodo Lopes. 

Eugene 
Smirnoff, Chaplain to the Russian Embassy 
in London. 

Danish (Grade II.).—Rev. A. V. Storm. 

Handwriting and Correspondence (Grade I.). 
—Sir Courtenay Boyle, K.C.B. 

Harmony and Rudiments of Music (Musical 
Examinations).—W. G. McNaught, Mus. 
Doc., F.R.A.M. 

Practical Examinations in Music (Musical 
Examinations). — John Farmer, Balliol 
College, Oxford, and Director of the Harrow 

_ Music School. Assistant Examiners: Ernest 
Walker, M.A., Mus. Bac., Oxon; and 
Burnham W. Horner, 
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Proceedings of the Society. 


————- 
THIRD ORDINARY MEETING. 
Wednesday, December sth, 1900; Sir 


ALEXANDER BINNIE, Chief Engineer to the 
London County Council, in the chair. 


The following candidates were proposed for 
election as members of the Society :— 


Amsden, Walter, 24, Fairhazel-gardens, South 
Hampstead, N.W. 

Burn-Murdoch, Lieut.-Colonel John, Dharwar, India. 

Carr, Richard Eshott, Manriques 9, Cérdoba, Spain. 

Ismay, Joseph Bruce, Sandheys, Mossley-hill, Liver- 
pool. 

Jackson, James Thomas, M.A., Ayuthia, Siam. 

Mabey, C. H., 39, Lewin-road, Streatham, S.W. 

Parrack, William T., Rochester-buildings, 138, 
Leadenhall-street, E.C. 

Prince, James Perrott, M.D., Lurgan-mansions, 
Lower Sloane-street, S.W., and Durban, Natal, 
South Africa. 

Smart, Alexander, 8, The Villas, Bexley-road, €rith, 
Kent. 

Todhunter, John, M.D., Orchardcroft, Bedford-park, 
W. 

Wood, Walter, 400, Chestnut-street, Philadelphia, 
U.S.A. 


The following candidates were balloted for 
and duly elected members of the Society :— 


Abrahams, M. S., Koetie Oil Exploration, Balik 
Papan Bay, East Borneo. 

Aiken, David Chalmers, J.P., Ruthville Estate, 
Lower Umzimkulu, Port Shepstone, Natal, South 
Africa. 

Amstutz, N. S., 27, Hillside-avenue, Cleveland, 
Ohio, U.S.A. - 

Andrade, Philotheis Pereira d’, Salcete, Goa, Portu- 
guese India. | 

Anosthy, Ram Adhar, Morar, Gwalior State, 
India. 

Appleby, Harry Walton, Holywell, Ilkley, Yorkshire. 

Atkins, G. J., 6, East-bank, Stamford-hill, N. 

Ayar, P. K. Rajam, Perambalur, Trichinopoly 
District, India. 

Azizuddin, Khan Sahib Bahadur Mahomed, Cudda- 
lore, India. 

Baguley, Ernest Edwin, Dunston, Stafford. 

Bailey, W. W., Lowlands Estate, Kiang, Selangor, 
Straits Settlements. 

Bayer, C., 31, London-wall, E.C. 

Bee, Gan Ngoh, 3, Light-street, Penang, Straits 
Settlements. 

Belvadi, Nanjundayya, B.A., Godhra, Panch Mahals, 
Bombay, India. 

Braby, Henry, Ayr, Queensland, Australia. 

Browne, W. A.,.M.A., LL.D., 4, Victoria-street, 
Westminster, S,W, 


Campbell, Eugene John Ferron, Botanic Station, 
Belize, British Honduras. 

Cane, Arthur Higgs, Armorel, Castle - crescent, 
Reading. 

Cardoz, Diogo, Hubli, Bombay, India. 

Carnt, Edwin Charles, St. Helier’s, Cowes, Isle of 
Wight. 

Catto, Alfred John Edward, 66, Schubert-road, Put- 
ney, S.W. 

Chambers, Walter J., British Consulate, Granada, 
Nicaragua. 

Chapman, Major Arthur Cecil, V.D., Oak-grove, 
Mussoorie, N.W.P., India. 

Chariar, Dewan Bahadur V. Krishnama, Madras, 
India. 

Choksi, Dr. Dosabhoy Ardeshar, Bangalore, India. 

Clark, Major Sir James Richardson Andrew, Bart., 
F.R.C.S., D.Ph., Tidmarsh Manor, Pangbourne, 
Berkshire. 

Clarkson, George Henry, Indian Midland Railway, 
Jhansi, N.W.P., India. 

Colville, William Brown, 5, Clive-row, Calcutta, 
India. 

Coventry, Bernard, Dulsing Serai, Tirhoot State 
Railway, Bengal, India. 

Dalton, Cornelius Neale, C.B., Eskhaven, East 
Heath-road, Hampstead, N.W. 

Das, Rai Bahadur Ram Saran, M.A., Oudh Com- 
mercial Bank, Fyzabad, India. 

Dastoor, Nowroze Jamshed, Dastoor-hall, Poona, 
India. 

Davies, John, West-street, Durban, Natal, South 
Africa. 

Davis, Francis, Whitwell, Elland, Yorkshire. 

De Ritter, Walter Henry, 33, Three Colt-street, 
Limehouse, E. 

De Rustafjaell, Robert, Junior Athenæum Club, 
Piccadilly. W. 

Dew, William Arthur, Wellfield, Bangor, North 
Wales. 

Dholu, Khan Bahadur Muncharji Rustomji, C.LE., 
Aden. 

Dixon, Athol Wilson, Imperial-buildings, Westgate- 
road, Newcastle-on-Tyne. . 

Dixon, John, London and South Western Railway, 
Southampton. 

Drew, Alexander, 22, Rutland-square, Edinburgh. 

Drummond, William Vernon, Shanghai, China. 

Edge, Sir John, Q.C., India Office, Whitehall, 
S.W. ; 

Ewbank, Captain William, R.E., Bangalore, Mysore, 
India, and Junior United Service Club, S.W. 

Ferguson, John, Calton-lodge, Cinnamon Gardens, 
Colombo, Ceylon. 

Fleischmann, Hugo, H.B.M. Consulate, Quezal- 
tenango, Guatemala. 

Friese-Greene, William, Millbrook, Dovercourt. 

Gammie, Prof. George Alexander, College of Science, 
- Poona, India. 

Garnett, Richard, C.B., LL.D., 27, Tanza-road, 
- Hampstead, N.W, 
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Gordon, William, M.D., The Old Rectory, Goring, 
Oxon. 

Govind4ss, Lodd, Krishna Vilas, Mint-street, Madras, 
India. 

Hamilton, Brevet-Major A. B., 2nd Battalion King’s 
Own Scottish Borderers, Cawnpore, India. 

Hardcastle, Captain Frank E., 2, Dalal-street, 
Bombay, India. 

Hare, Sholto H., Western Hotel, Penzance. 

Hargreaves, William Arthur, Port Adelaide, South 
Australia. 

Harris, William Augustus, Port of Spain, Trinidad. 

Hebbert, Frederick Benbow, Lucknow, India. 

Heenan, William Edwin James, Electric Light 
Station, Northampton. 

Hodgson, John Agar, Broomfield, Sheffield. 

Holtzapffel, George W., 83, King Henry’s- road, 
Hampstead, N.W. 

Home, Walter, Jodhpore-Bikania Railway, Jodhpore, 
Rajputana, India. 

Hopkins, Lieut. Lewis Egerton, R.E., Deputy Con- 
sulting Engineer for Railways, Madras, India. 

Howell, Alexander Nathaniel Yatman, 109, High- 
street, Portsmouth 

Humphries, Sidney, B.A., LL.B., City of London 
College, White-street, Moorfields, E.C. 

Hutchins, Sir Philip Perceval, K.C.S.I., 72, Crom- 
well-road, S.W. 

Iyengar, Dr. S. V. Ramaswamy, Government Fye 
Infirmary, Bangalore, India. 

Jackson, Major Randle, D.L., J.P., Swordale, 
Evanton, Ross-shire. 

Jagger, John William, 14, St. George’s-street, Cape 
Town, South Africa. 

Jethabhai, Uttamchand, Jetpur, Kathiawad, India. 

Johnson, William H., Botanic Gardens, Gold Coast, 
West Africa. 

Kabraji, Kaikhosro N., Sherin villa, Lee, Kent, and 
Bombay, India. 

Kenjale, Rao Bahadur Balaji Martand, Karanja 
Taluka, Bhinithadi District, Poona, India. 

Kirkaldy, William George, Testing Works, 99, 
Southwark-street, S.E. 

Laird, Hon. Charles W., Singapore, Straits Settle- 
‘ments. 

Law, Hon. Sir Edward Fitzgerald, K.C.M.G., 
Calcutta, India. 

Leaf, William Bradbury, 42, Park-lane, W. 

Mc Wharrie, Neil Matheson, Conservative Club, S.W, 

Marathe, Kashinath Balkrishna, B.A., LL.B., 
Bijapur, India. 

Marconi, Guglielmo, 18, Finch-lane, E.C. 

Marsh, Thomas, 9, Northfield-road, Stamford-hill, 
N. 

Meston, Hon. James Scorgie, Naini Tal, India. 

Mitchell, Sir W iliam Wilson, K.C.M.G., Colombo 
Ceylon. 

Mohun, Richard Dorsey Loraine, Kasongo, Congo 
Free State. 

Monie, Hugh, Victoria Jubilee Technical Institute, 
Byculla, Bombay, India, 


Gerald ce 
Lahore, 


Courcy, 
Punjab, 


Morton, Major-General Sir 
K.C.1.E., C.B., Mian Mir, 
India. 

Moutrie, Sydenham, 3, Nanking-road, Shanghai, 
China. 

Nandy, Maharaja Manindra Chandra, Cossimbazar 
Rajbari, Murshedabad, Bengal, India. 

Nathan, George E., 37, Barkston-gardens, S.W. 

Newmarch, Herbert Smales, Singapore - Johore 
Railway, Singapore, Straits Settlements. 

O’Sullivan-Beare, Daniel Robert, British Vice- 
Consulate, Pemba Island, East Africa. 

Pillai, T. S. Ganésa, Nagercoil, Travancore, India. 

Pillay, Chinnappa Singaravaloo, Moulmein, Burma. 

Pritchard, G. H., Harleigh School, Bodmin, Corn- 
wall. 

Ramgopaul, Sait, Secunderabad, Deccan, India. 

Rogers, Major J. B. Leslie, Dehra Doon, N.W.P., 
India. 

Rosendorff, Dr. Adolf, 2, Eton-avenue, Hampstead, 
N.W. 

Roy, Major Chucken Lall, Chakdighi, District Burd- 
wan, Bengal, India. 

Scammell, Edward Thomas, 37, St. Mary-axe, E.C. 

Scott, Charles James Cater, London and India Docks 
Joint Committee, 109, Leadenhall-street, E.C. 

Seng, Captain Yap Kwan, Kwala Lumpor, Selangor, 
Straits Settlements. 

Shapleigh, Waldron, 2223, De Lancey-street, Phila- 
delphia, U.S.A. 

Shaw, F. M., Doom Dooma, Debrooghur, Upper 
Assam, India. 

Shroff, Adurjee Burjorjee, Mount Estate, Mazagon, 
Bombay, India. 

Silcock, James Greer, B.A., Kangra, Punjab, India. 

Smith, Henry Sutcliffe, 34, Horton-lane, Bradford, 
Yorkshire. 

Smith, Hon. William Frederick Danvers, M.P., 
3, Grosvenor-place, S.W. 

Snelson, Rev. Floyd Grant, M.A., Ph.D., Athens, 
Georgia, U.S.A. 

Sprott, William Hugh, Hallery, Mercara, N. Coorg, 
S. India. 

Stretton, Clement, Saxe-Coburg-house, Leicester. 

Tawker, T. R., Mount-road, Madras, India. 

Tellery, S. J., 25, Esplanade-road, Bombay, India. 

Torner, Henry Blois Hawkins, C.I.E., 68, Upper 
Berkeley-street, Portman-square, W. 

Venkateswariah, Tinnevelly Sami, Triplicane, Madras, 
India. 

Verney, Sir Edmund Hope, Bait., Claydon-house, 
Winslow, Bucks. 

Vivian, Richard Glynn, 24, Eaton-square, S.W. 

Ward, Sir William Erskine, K.C.S.I., 8, Kent- 
gardens, Ealing, W., and Oriental Club, Hanover- 
square, W. 

Watson, Arthur William, Madhubani, Darbhanga, 
Behar, India. 


' Webber, G. E. 9, Courtis-chambers, Cape Town, 


South Africa. 
Welsh, Archibald, 6, Balgay-avenue, Dundee, N.B, 
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Westaway, F. W., Camden-villa, South Woodford, 
Essex. 

White, James George, 91, Cannon-street, E.C. 

White, John Henry, Gokteik-viaduct, Nyaungkyio, 
via Maymyo, Upper Burma. 

Wildeblood, Henry Seddon, Srinagar, Kashmir, 
India. 

Wilson, Gordon, Benallan, Kirkintilloch, Scotland, 
and Calle de Gante 8, Mexico. 

Woodward, Rev. Frederick Payler, M.A., Stower 
Provost, Gillingham, Dorset. 

Wooler, Edward, Danesmoor, Darlington. 

Wright, Ernest Templeton, Lauriston Estate, 
Ouchterlony Valley, Guynd P.O., Nilgiris, South 
India. 

Wyatt, George Herbert, B.Sc., Emanuel School, 
Wandsworth-common, S.W. 


The CHAIRMAN said he presumed he occupied 
his present position because it had been his good 
fortune when at Bradford to be elected chairman 
of a committee of the British Association to in- 
quire into and deal with traction on roads. The 
subject clearly divided itself into two main heads. 
though its possible ramifications were almost in- 
finite. The first was the tractive force required 
to haul or pull vehicles, and the second, the effect 
of such haulage and pulling on roads. Fortunately, 
Mr. Hele-Shaw had given a great deal of attention 
to the subject, and his paper would therefore be of 
great interest. 


The paper read was— 


ROAD TRACTION. 
BY PROFESSOR HELE-SHAW, LL.D., F.R.S. 


The development and progress of any nation 
depends largely upon the improvement in its 
internal and external means of communication. 
This has probably been the most important 
material factor in the growth and the increas- 
ing prosperity of this country during the past 
century. Now, of the three means of com- 
munication—by road, by rail, and by sea—the 
two latter have during the past century grown 
in such a way as to quite eclipse the increased 
importance of communication by road, and yet 
it is probable that the latter remains still much 
the most important of all three. The fact is 
that the introduction of mechanical power in 
the form of steam, both as applied to the 
locomotive and the marine engine, has not 
only effected changes so as to absorb popular 
attention and command the application of the 
material resources of the world, but has 
required the application of scientific research 
and afforded scope for the investigation of 
innumerable scientific problems. Amongst 
these problems, and not by any means the 


least important, have been researches into the 
laws of resistance of ships and upon railways, 
and it is not too much to say that the experi- 
mental discoveries of such laws by men like 
Froude have had no little influence upon the 
practical results achieved in recent years by 
the engineer and the naval architect. 

When we turn to the subject of common 
roads, we find that up to at any rate the 
last few years there have been no changes 
during the past century to attract general 
attention in the construction of the roads 
themselves or in the means of vehicular 
propulsion upon them. We must of course 
except the introduction of steam-propelled 
vehicles about fifty or sixty years ago, and 
reading the literature of that time, it is clear 
that when this occurred it was a matter of 
great interest throughout the whole country. 
The absolute and complete failure, from a 
financial point of view, of the steam carriage at 
that time, and the imposition of laws which 
made their use on common roads impossible, 
naturally caused this interest to entirely dis- 
appear, and is even responsible for the in- 
credulity with which their possible success is 
regarded to-day by a good many people. 

Within the last few years, however, there 
has been a remarkable revival of interest in the 
question of the roads in this country, and, 
indeed, in the roads of every country, and for 
this there are several important causes. In- 
directly, it is evident that the improved facili- 
ties in conditions of transport and of travel by 
land and sea have steadily led up to a demand 
or improvements in roads and means of com- 
munication upon them. Nothing, for instance, 
could more strikingly illustrate this than the 
fact that the great railway companies, by 
the force of events utterly unexpected upon the 
introduction of railways, have become in all the 
large cities the greatest proprietors of horses 
and vehicles for the transport of goods and, 
in many cases, also of passengers themselves. 
The invention and perfection of the bicycle 
and, quite recently, the development of the 
motor car, both of which inventions have 
been rendered possible by the gradual pro- 
gress of the mechanical arts, have caused the 
general public to take the keenest interest in the 
nature and condition of the roads of the country, 
while the possibility also of producing at 
last successful motor vehicles for the transport 
of goods have led to the passing of the Light 
Locomotives Act in 1896, which really marked 
the dawn of a new epoch in this country in 
means of communication, 
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It must not, however, be thought that nd 
changes or improvements have taken place 
during the past century in the direction of road 
communication. On the contrary, we find that 
at the beginning of that period the roads had 
been allowed to fall into a deplorably bad con- 
dition, which the 530 Acts of Parliament for 
their improvement passed in the previous 
seventy years had done very little to improve. 
The fact was that these Acts were necessary 
because statute labour was required, and tolls 
had to be imposed to pay for the expense of 
repair, and they had not the slightest reference 
to a real improvement in the nature of road 
construction or apparently any influence upon 
it. Road-making, which, centuries before, the 
Romans had taught the people of this country, 
had at that time become a lost art, and had it 
not been for the greater attention attracted by 
railways, the gradual improvements in road 
construction by Telford, Macadam, and others, 
and the comparative perfection of roads 
paved with stone, wood, or asphalt in all 
our cities to-day, not less than that of 
the ordinary type of highway in country 
districts would have been more generally 
regarded as one of the great triumphs of 
the century. With the improvement in 
roads the construction and design of vehicles 
themselves has also steadily improved, so 
that the best designs for horse-drawn vehicles 
suitable for both light and heavy traffic may 
be said to have now been evolved. 

It is not, therefore, to be wondered at that 
the same kind of attempts which have been 
successfully made to investigate the nature of 
the power required for ships and locomotives 
have been made during the past century to 
investigate road traction, and these attempts 
are to be found recorded in various books. 
Probably the most important contribution to 
the subject is General Morin’s ‘‘ Experiences 
sur le Tirage des Voitures et sur les 
effets destructeurs qu’elles exercent sur les 
Routes,’’ which occupied that accomplished 
man of science from 1837 to 1841, the 
first series being undertaken by order of the 
Minister of War and a second series by 
that of the Minister of Public Works of France, 
and in which the author was aided by numerous 
skilled and distinguished observers, from 
which it would at first be thought that 
little more remained to be discovered on 
the subject. The truth is, however, that 
the problem of road traction differs in 
a very essential manner from that of the 
determination of resistance of ships and 


railroads. The movement of a body through 
the water and of the motion of a steel wheel 
upon a hard surface such as steel rail, present 
features which have enabled definite laws of 
resistance to be arrived at. On the other hand, 
it can scarcely be said, especially with mac- 
adam roads, that the surface even at small dis- 
tances apart along the same road, or during a 
small interval of time in which the nature of the 
weather has changed presents conditions of 
anything like uniformity. Thus it is very 
difficult to arrive at definite laws concerning 
road resistance, and it is not surprising to 
find that even the experiments of Morin and 
the conclusions at which he arrived were taken 
exception to by another distinguished French 
observer, Dupuit, who also devoted much time 
and labour to the subject, resulting in many 
different statements, either algebraical or in a 
more general form, representing the laws of 
traction upon roads which have never yet 
been reconciled. 

There is a further practical reason for the 
want of general interest in such determina- 
tions from the fact that the horse has hitherto 
almost entirely been the tractive agency for 
road vehicles. Now therc are two features of 
difference between muscular effort and me- 
chanical propulsion, one being the relative 
magnitude of the powers employed, and the 
other the actual nature of the effort itself. 
As to the power employed, it 1s obvious that 
it becomes a far more important question to 
know something of resistances which involve a 
power in the case of some modern locomotives 
of as much as 4,000 horses, or in the case of 
the large modern Atlantic liner as much as 
even ten times this astonishing amount of 
power; and this is still more the case when it 
is remembered that the nature of the muscular 
effort of animals is such that it can be applied 
at will according to the varying resistance, and 
that a sudden and almost incredible effort can 
be exerted by a horse, as, for instance, in 
starting a railway wagon into motion, which 
makes this sort of effort peculiarly suitable to 
the conditions of the case. At the same time 
this fact naturally relegates the problem in the 
opinion of most people to one of simple prac- 
tical experience and, indeed, one in which ex- 
perience alone would seem to offer a guide. 
Experience has indeed practically solved most 
of the questions connected with horse traction 
and furnished us with an intimate knowledge 
of the weights suitable for vehicles and of the 
loads which can be drawn upon them by horses 
as well as by other animals. 
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The foregoing reasons which show that in- 
vestigations of traction resistance in the case 
of horse-drawn vehicles are of little value do 
not, however, hold when we come to the sub- 
ject of self-propelled vehicles. Motors for such 
vehicles have now been constructed with a 
power of as much as fifty horses, but there are 
strict limitations to possible power of such 
motors, and it is important that knowledge 
should be available in what is comparatively a 
new subject as to the conditions by which the 
greatest economy may be effected. For the 
problem differs in a remarkable way from that 
of the railway locomotive which, running on a 
hard steel track, has enabled the power to be 
increased in such a way that while the 
‘* Rocket” weighed with its tender 6 tons, a 
modern engine and tender frequently weighs 
more than 100 tons, with a more than propor- 
tionally greater increase of power. Thus, 
whereas in a railway locomotive it may be 
desirable to obtain the greatest efficiency on 
simple grounds of economy, the very existence 
of the motor vehicle from a commercial point 
of view depends upon the relation of the weight 
of motor required for tractive effort to the 
useful load which it can convey, since the 
load which can be carried upon wheels upon 
the comparatively yielding surface of a road 
not less than the possible speed of transit are 
narrowed down within a very small compass. 

But this is not all. Indeed it is only one 
side of the question, since whereas the rail- 
roads or tramways are the property of the 
railway company or the corporation which 
has to maintain them in working condition, 
the roads over which motor vehicles run 
belong to the public at large. And whereas 
there is even upon the hard steel track of 
a railway a considerable amount of wear, 
which reduces the life of a steel rail in a 
very definite manner, and is a factor of con- 
siderable importance in the working expenses 
of a railway, the proportionate expense to 
other items of working expenses is compara- 
tively as nothing to the cost in maintenance 
and repair of an ordinary highway. Mr. 
Forestier, whom we are proud to have amongst 
us to-night, and whose visit to England to 
read a most valuable paper on ‘‘ Heavy Motor 
Traffic in France,’’ is a compliment which we 
all highly appreciate, who is the Inspector- 
General of roads and bridges in France, and, 
therefore, keenly interested in the proper 
maintenance of roads, and is at the same time 
one of the most distinguished representatives 
of the automobile movement, has dealt with 


this subject in the paper in question. He 
speaks, as it were, in a sort of dual capacity, 
with the official knowledge which no one 
else could possibly have of the actual effect of 
heavy motor traffic on roads in France, while 
at the same time we are assured that his 
attitude towards the automobile movement 
is entirely a sympathetic one. I am 
not able here to quote his extended and 
valuable remarks on this subject, but I may 
point out that he gives instances of the running 
of heavy motor vehicles in connection with the 
“ Poids Lourds”’ service in the Department de 
la Meuse in which the wear of the roads has 
been largely increased—in one case, for 
instance, a wear of 163 cubic yards per year 
per mile which involves an increased cost of 
#50 per mile, while in another it has been 
necessary to spend £80 per mile in widening 
and drainage and to increase the annual 
expenses in repair by £28 per mile. This, it 
is true, has been caused by vehicles weighing 
when loaded 8 tons travelling at the rate of 
8 miles per hour, which are conditions not 
yet allowed in this country, but it indicates 
that the subject of the effect upon the roads 
is one which should be taken up and studied 
before heavy motor vehicle traffic has become 
general. Even at present, when the most con- 
servative of the county councils have not had the 
hardihood to charge the light motor vehicles 
with doing any damage to the roads, some of 
these councils are combining upon another 
question, viz., to obtain an Act of Parliament 
to reduce the speed from the present low limit of 
12 miles per hour to the still lower one of 10. 

In the interests of a matter of great national 
importance such as that of heavy motor 
vehicles, it is desirable that no unnecessary 
opposition should be aroused. The imposition 
of tolls, for instance, such as were enforced 
upon the previous attempts to introduce steam 
carriages would almost certainly bring failure 
upon the present attempts to meet what is so 
urgently demanded by the general growth of 
trade. As we are reminded by arecent circular 
of the Automobile Club, setting forth reasons 
why the proposed action of the particular 
County Councils mentioned should be opposed, 
the charge in those days on the Liverpool and 
Prescot roads for a coach was 4s., whilst Mr. 
Gurney’s steam carriage was charged £2 8s., 
and in some cases £3 8s. at every turnpike 
gate. 

The problem of the road locomotive is in 
itself sufficiently difficult and costly to bring to 
success without raising an opposition ,such as 
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would certainly be caused by any destructive 
action of the wheels upon the road surface. The 
sooner this subject is made the matter of care- 
ful and thorough investigation, the sooner will 
such data be forthcoming as may obtain the 
best results with the least possible amount of 
wear and injury to the roads. 

Nor indeed can the effect upon the road sur- 
face be separated from the question of traction 
itself, for as Mr. Forestier says, after de- 
scribing the exact action of the wheels upon 
the road in wet weather: — ‘When this 
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one, which may be three times greater in wet 
weather than in fine, unless one is content to 
diminish the speed of going.’’ 

It was from such considerations that I pro- 
posed at the recent meeting of the British 
Association the formation of a committee for 
investigating the different causes of resistance 
for self-controlled vehicles on the common 
roads. That committee has for its chairman 
Sir Alexander Binnie (our Chairman to-night), 
and the names of its members are Mr. T. C. 
Aveling, Mr. W. Aitken, Mr. Worby Beau- 


is the case, the road continually presents 
an inclined plane in front of the driving 
wheels, and this largely increases the rolling 
resistance, and, at the same time, adds 
considerable friction between the sides of the 
felloes and the depressions that are made. 
All engineers responsible for roads have agreed 
that during the rainy season the rolling re- 
sistance may be treble what it is during fine 
weather. This is one of the most unfavourable 
conditions for mechanical propulsion, for it 
necessitates the motors not only being capable 
of a single maximum effort but of a continual 


mont, Mr. J. Brown, Professor T. Hudson 
Beare, Colonel R. E. Crompton, Mr. A. 
Mallock, Sir David Salomans, Mr. A. R. 
Sennett, Mr. Shrapnell Smith, Mr. J. I. 
Thornycroft, Mr. W. H. Wheeler, with myself 
as Secretary. It will be seen, therefore, that we 
shall not only have the benefit of the experi- 
ence of those who are authorities on light and 
heavy motor vehicles, but that we have repre- 
sentatives who have particular experience in 
traction engines, and also several members 
whose names are already well known in con- 
nection with important experiments upon 
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traction, as well as others who are authorities 
upon the nature and construction of the roads 
themselves. It was the idea of the Secretary 
of the Society of Arts in suggesting the desira- 
bility of this paper, that the matter could be dis- 
cussed at fuller length to-night than is usually 
possible at sectional meetings of the British 
Association, and with this object in view, in 
addition to members of the Society of Arts the 
Secretary has kindly issued invitations to mem- 
bers of the Automobile Club and also to many 
engineers who are interested in the question of 
road traction. In order to leave as much time 
as possible for discussion, I will only briefly 
state a few points which must be considered 
without attempting to-night to suggest any 
definite plan of procedure by committee. The 
actual line of investigation, together with the 
design and arrangement of suitable apparatus, 
will no doubt occupy much time and careful 
deliberation hereafter. 

Naturally the first thing to be done is to 
study the literature and experimental researches 
which have been published on this subject, and 
I have prepared a summary of such researches 
so far as they are of practical interest, and may 
furnish information for the work of the com- 
mittee. This summary I will not attempt to 
read now, but proceed to indicate certain 
important points in which the work of the 
committee will break entirely new ground. 
The chief point to be noted is that while a few 
experiments have been made upon separate 
wheels drawn by mechanical means, the bulk 
of the observations which have been obtained 
by Morin and by all other investigators of the 


subject were effected by employing the tractive’ 


agency of the horse, and with the exception of 
a few of the experiments on traction engines, 
the muscular effort of animals has hitherto 
been the sole means of investigating road 
resistance. 
data so obtained are practically useless for 
application to self-propelled vehicles :— 

1. The speed of a horse is not capable of 
being regulated in any very accurate way, 
indeed, many series of observations have 
been limited to the discussion of the two 
paces — walking and trotting. Thus there 
have been no very accurate means of deter- 
mining the laws which connect the speed of a 
vehicle with its velocity, although Morin has 
attempted to obtain such relations, and 
numerous algebraic expressions have been 
suggested by various experimenters. 

2. With the horse, even if the velocity is 
a known one, it is almost impossible to obtain 


Now, for the following reasons 


a uniform tractive effort, and hence, although 
numerous self-recording dynamometers have 
been designed, nothing more than the average 
resistance of the various kinds of roads has 
been determined. 

3. The increased spceds, which are not only 
possible for light and heavy traffic but are now 
permitted by law, render the previous obser- 
vations of resistance at lower speeds of little 
use. This has a most important bearing on 
that part of the resistance due to shocks and 
vibrations, which has never yet been separated 
from that due to frictional resistance. 

Now the employment of a motor vehicle will 
enable laws of road resistance in respect of the 
three principles mentioned in the foregoing 
paragraphs to be completely dealt with, and it 
may not be out of place to refer to the experi- 
ments which were carried out during the past 
summer in Liverpool, in which one motor-car 
was made to tow another over roads of (a) ma- 
cadam, (č) stone setts, (c) wood pavement, 
(d) asphalt. 

In the three matters of regulation of speed, 
uniformity of tractive effort, and ability to main- 


FIG. 2. 


tain considerable speed, a few days’ experi- 
ments sufficed to show that it was possible to 
secure accurate and scientific results by 
replacing the traction of the horse by that of a 
powerful motor car. The illustration (Fig. 1) 
shows exactly how the experiments were carried 
out. It will be noted that one observer is 
reading the speed indicator (shown in detail 
in Fig. 2) which was pressed upon the tyre of 
the wheel. Another observer at the back of 
the car simultaneously reads the indication of 
a dynamometer, writing down together the 
speed and corresponding tractive effort. The 
dynamometer (which was constructed for the 
occasion) by which the observations were made 
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is shown in Fig. 3, and consists of an ordinary 
spring balance used in conjunction with a 
dash-pot, and could be regulated so as to 
reduce the irregularities of tractive effort. 


FIG. 3. 
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Fig. 4 shows the way in which it was carried 
upon a temporary wooden frame attached to 
the back of the 12 h.p. tractor car of Mr. 
Holder. These experiments were only of 
a preliminary character, and demonstrated 
conclusively that whilst it was evident satis- 
factory results could be obtained which 
would enable the relation between re- 
sistance and velocity for various kinds 


FIG. 4. 


uur E TTT 
TEES cen BALANCE 


of roads to be accurately exhibited by 
graphical methods, and possibly the laws 
under these conditions determined, it would 
be necessary to design and make very much 
more refined apparatus than that then used, 
or, indeed, any apparatus of the kind which 
I have been able to hear of. 


The foregoing experiments and remarks 
relate to the possibilities of experimenting 
on the tractive effort of one vehicle upon 
another. It should be noted that the resistance 
of a vehicle has been investigated by allowing 
it to descend a slope under the force of gravity, 
and Fig. 5 shows a slope which was used in 
some trials of motors. This slope when care- 
fully examined and its angles measured gave 
the profile shown. Itis clear that there are very 
few hills having a sufficiently uniform inclina- 
tion for this purpose, although an artificial 
slope of uniform inclination might be found or 
actually made for the investigation. 


FIG. 5. 
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It is clear that there are two further ways 
in which the experiments obtained by means 
of horse traction, or indeed of traction at all, 
are entirely inapplicable to modern require- 
ments and are as follows :— 

4. The propulsion of a vehicle by means 
of the effort exerted at the rim of its own 
wheels introduces entirely fresh considerations 
as to the power required to propel it compared 
with that by ordinary traction, and into the 
question of shocks and vibrations, which 
form an important factor in the resistance. 
There are also questions concerning which 
very little is known at present as to the relative 
merits of front and back steering respec- 
tively; that is to say as to whether the 
vehicle is more effectively dragged along by the 
action of its own front wheels or pushed along 
by the action of its hind wheels. Definite 
results concerning these matters can only be 
arrived at by specially constructed appliances, 
and the use of motor vehicles themselves for 
the purpose. 

5. There is the important question of the 
effect upon the road itself. This constituted 
an important portion of the researches of 
General Morin sixty years ago; but his results, 
obtained by horse traction, valuable as they 
were for the purpose, do not tell us much as to 
the effect produced upon roads when the wheel 
itself not only has to sustain the weight of the 
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vehicle but also has to exert a tangential 
effect upon the road. 

In connection with action upon road sur- 
face, it is also important to ascertain by 
experiment the best form of wheels, dimen- 
sions of tyre, the effect (so little under- 
stood although of time-honoured interest) of 
the coning or canting of wheels, and of the 
results for loads of varying magnitude upon 
roads in all states and conditions of the 
weather. 

In all the five directions above specified, 
there is plenty of scope for useful work, and 
the application of new instruments such as 
the viagraph, which will accurately indi- 
cate the nature of the surface of the road 
over which each set of experiments is con- 
ducted ; the seismometer, which will enable us 
to investigate practical questions as to the 
effect of springs and the behaviour of tyres; 
and instruments such as those Mr. Malloch 
has employed for investigating railway trac- 
tion. There can, at any rate, be little doubt 
that the formation of a committee for the 
purposes which I have brought before you is 
abundantly justified. It remains to be seen 
what the results of their labours will be, but 
one may be allowed to express a pious hope 
that they will be sufficiently valuable, not only 
to be of practical use in aiding the progress of 
road locomotion, but to be worth laying before 
this Society at some future date. 


DISCUSSION. 


Mr. J. 1. THORNYCROFT thought the reader of the 
paper was right in regarding road transit as the most 
important of all modes of transit, for certainly what 
concemed people were the means of conveyance in their 
own locality. Professor Hele-Shaw had pointed out 
the marvellous improvement which had taken place in 
transit by sea and rail, but road transit had remained 
almost stationary. The general admiration for the horse 
was well earned by that useful animal, but liberty 
to improve our road transit was placed in jeopardy by 
the action of people who, out of false love for the 
horse, strove to make legislation adverse to the auto- 
mobile industry, such as charging £3 toll for a 
vehicle propelled artificially, when the proper amount 
for the same vehicle if propelled by an animal was 4s. 
He believed, however, that we were on the eve of a 
great improvement. London was beginning to appre- 
ciate the fact that its tramcars must be propelled 
artificially, and in Liverpool, where that system had 
been lately perfected, the improvement was wonderful. 
As to the material used for making roads, he looked 
upon steel a3 that to be ultimately used, but that in 


the meantime a material such as asphalte would resist 
the action of traffic for a long time. He believed 
some asphalte roads in London had lasted twenty 
years. 


Colonel R. E. B. CROMPTON emphasised the desir- 
ability of the investigation which had been so ably 
introduced by the reader of the paper. Ashe had said, 
a committee of the British Association had been 
formed to go into the matter, which was of the 
highest interest from his side of the question, viz., 
the military side. The problem which presented itself 
in any new country which it was desired to civilise 
was the means of intercommunication. The surface 
of the country was composed of varying materials, 
from those sufficiently hard to form a good road- 
way at once, to those of a softer nature. He 
understood the object of the investigation was 
to ascertain the laws which governed the passage 
of a wheeled vehicle over such varying surfaces. 
That investigation, although not complicated, mast 
necessarily be protracted, as the whole subject was so 
influenced in this country by the effect of the weather 
on the surface of the roads. In the Transvaal the 
country in wet weather was very soft, and transit 
across it was almost impossible. But when the 
rainy season was over the sun hardened it and 
transformed it into a ready-made roadway, across 
which, although many rocks, &c., were strewn over 
it, it was perfectly possible to drive wheeled vehicles. 
In the Transvaal, for the first time in warfare the 
experiment had been made on a large scale of 
supplementing the railways by carrying military 
stores and supplies by traction engines. That had 
been attended with very great success in dry weather, 
though, of course, with diminished success when 
bad surfaces had to be contended with. By watching 
the results one found how much there was to learn 
with regard to wheel resistances. He believed the 
veldt, when: as hard as it was in the months of 
July, August, and September, offered less average 
rolling resistance than the best English road at this 
time of year. That day he had been to Aldershot, 
testing engines under conditions of actual warfare— 
in very wet weather—and had been profoundly im- 
pressed by the extent to which the surface was 
deformed under the wheels, The committee had 
set itself to solve a very difficult problem; they 
wished to ascertain what width and diameter of 
wheel were best calculated to carry a certain weight. 
Professor Hele-Shaw had shown that any point 
of the wheel moved in a curve, and argued that there 
would be very severe cutting action in the road, 
there being a tendency to move that point longi- 
tudinally along the road. That was no doubt true 
to some extent, but it was greatly modified by 
certain facts. If the wheel were rolling over 
say, an asphalted surface, the particles of road 
immediately under the wheel would not move 
to any extent. Supposing the roadway were of 
tessclated pavement, as long as those small prisms 
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were prevented from moving sideways they would 
remain in a parallel position. But taking a roadway 
under the influence of wet weather—a flint road, for 
example—if the particles of flint were similar prisms 
to those above-mentioned, a few at the centre 
of the tyre of the wheel would not be moved, 
but as they passed away from the centre of the wheel 
they would be thrust sideways, and to a point far 
outside the wheel the top of the roadway would be 
moved. He particularly called attention to the fact 
that there was a piece in the centre of the wheel where 
the roadway was not disturbed, or so little that it had 
hardly any effect. This showed the enormous import- 
ance of the width of the tyre of the wheel. Taking, as 
an extreme case, mobile sand, a narrow wheel would 
hardly run in it at all, the whole of the sand moved 
under the wheel sideways, and the wheel sank in; 
whereas a broad wheel, owing to the large number of 
unmoved particles underneath it, hardly sank in at all. 
Where were they to stop? Were they to make very 
big and consequently heavy wheels, or to stop at some 
half-way house which combined the greatest number 
of advantages ? In South Africa, where very broad 
wheels were introduced for the first time (in absolute 
opposite to the time-honoured usages of the Boer 
farmers who used narrow wheels) they were able to 
take enormous loads over the very thin crust of the 
veldt, going over the same ground for weeks and 
almost months without hurting the surface at all, 
whereas two or three passages of the narrow- 
wheeled Boer wagons destroyed the surface to such 
an extent that it could not be travelled over 
again. With regard to gravity experiments, he 
thought there were a good many slopes in this 
country sufficiently regular to allow of experiments 
being made in the way of observing the acceleration of 
a vehicle steered down them. 


Mons. FORESTIER, Inspecteur-Général des Ponts et 
Chaussées (speaking in French), said that since the 
work of Morin and Dupuits there had not been any 
exhaustive experiments made with a view of obtaining 
the co-efficient of traction on the different surfaces used 
in the main roads of the French departments. In 
Panis, M. Lavalard, on behalf ot the Compagnie des 
Omnibus, and M. Bixio, on behalf of the Compagnie 
des Voitures de Place,had made a complete series of ex- 
periments with registering dynamometers founded on 
that of Morin. M. Michelin, in order to demonstrate the 
advantages of pneumatic tyres, had also made a number 
of comparative experiments on the different roadways of 
Paris with the same vehicle fitted with metal tyres, 
with tyres of solid rubber, and with pneumatic tyres. 
The great drawback to the use of Morin’s dynamo- 
meter was that it required a knowledge of the slope 
of the road traversed, or it was impossible to separate 
the effect of gravity from that of the traction. He 
had himself, in some experiments which he had 
carried out to ascertain the varying tractive forces 
required by different roadways (wood, stone, asphalt, 
or macadam), adopted a modification of Morin’s 


dynamometer with the pendulum apparatus devised by 
the eminent French engineer, M. Desdouits. In this 
apparatus the effect of gravity was eliminated, and 
it was possible in a single journey, without any know- 
ledge of the inclination of the road traversed, to 
obtain an accurate record of the force exerted upon 
the different surfaces. This apparatus he had used 
successfully in a journey he had made in 1896 from 
Paris to Marseilles, and he recommended it to the 
attention of those interested in similar researches. 
He could also speak favourably of certain modifica- 
tions made by M. Richard, and with these modifica- 
tions he could speak well of self-registering dyna- 
mometers. They eliminated personal error and had 
certain other advantages. 


Mr. W. WoRBY BEAUMONT said with regard to 
Col. Crompton’s remarks on the width of the wheel, 
instead of insisting upon a width for the heavier 
vehicles of one inch per ton, or }-inch per ton, they 
should have, for any size or weight of vehicle, a 
minimum width of wheel, and beyond that a 
gradually-decreasing extra width per unit of load. 
The paper was of great importance because it drew 
attention to the real automobile difficulty—viz., 
the road question. Three years ago, in his 
Cantor lectures on motors, he had drawn atten- 
tion to the road question, and pointed out that 
it was a greater difficulty than the production of the 
vehicles themselves. The improvement of the roads 
should have for its first object the improvement of 
transport and the reduction of its cost, to say nothing 
of health-giving pleasure. The proposed restriction 
of the speed of motor vehicles if carried into effect 
would crush one of the most useful industries in this 
country. That industry was already large in France, 
and in America was growing to such an extent that 
one big firm alone tumed out twenty vehicles per 
day. If it had not been for restrictive Acts and 
measures England would have been the first in the 
held, but as matters stood she had a great deal to do 
to attain the position of her competitors. The im- 
portant point to determine upon now was that they 
should not be led by the nose by people who knew 
nothing of the matter, but should be free to use the 
roads in a legitimate manner. 


Mr. J. BROWN said that as nowadays it was necessary 
to define everything in a very accurate way, it was 
perhaps fortunate that his instrument, the Viagraph, 
which was for the purpose of showing inequalities of 
roads, should have been invented at this particular 
time. He would not dwell upon the actual details of 
the instrument, as it had been described before the 
British Association and also in the Cyclist Touring 
Club Gazette and in last month’s Building World. 
He exhibited a diagram made by the instrument, 
showing the irregularities of certain roads, in order to 
show the way in which it worked, and afterwards 
briefly explained his invention by means of a lantern 
illustration thrown on the screen. 
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Mr. A. R. SENNETT wished to correct a wrong 
impression which might be created by the paper. 
As a matter of fact English engineers had really 
led the world in the matter of road traction, 
although they were now so very backward in it. 
About the year 1832, for two or three years, 
omnibuses were running regularly between Pad- 
dington and the Bank, and carried many thousands 
of persons over Pentonville-hill without a single 
accident. That would show what a scandalous thing 
it was to pass an Act subsequently to prevent the 
progress of such an industry. When Professor Hele- 
Shaw spoke of the tearing of roads he wished to im- 
press upon the members that he was speaking scien- 
tifically and not practically. The idea of the Commitee 
was to find the proper way of applying motor vehicles 
to the roads, and whatever it might do it would have 
the effect of improving the roads, so that all horse- 
owners would have reason to be grateful toit. He 
need hardly say that the Committee, having to deal 
with a scientific subject, and not with an art—one, as 
for example, the purchase of a picture for the National 
Gallery—was very poor. The present Act of Parlia- 
ment could only be looked upon as a kind of compro- 
mise between prohibition and permission. He hoped 
one of the results of the labours of the Committee 
would be to show how little damage was done to 
the roads uby_ heavy trafic, even if it did not do real 
good,—-Every cyclist knew that the Ripley road, 


m being a very favourite one for bicycles, was most 


beautifully swept and laid out, like a carpet; yet 
there were still small-minded people to be found who 
declare that bicycles destroyed the roads. Although 
poor, the Committee had an enormous amount 
of work to do. Professor Hele-Shaw had said 
there was a great difference of opinion among 
automobilists as to the proper method of apply- 
ing the power of the motor to the vehicle. 
Some experiments which he had made showed 
the enormous influence which the point at which 
the motive power was applied had upon the 
propulsion of a vehicle, it being conclusively proved 
that there was a great advantage in driving by the 
fore-wheels. He had experimented with every kind 
of vehicle, from a very light phaeton to a four-horse 
brake. Fore-carriage driving, however, involved a 
very difficult mechanical problem, and had, therefore, 
only been tackled within the last few months. 
M. Jeanteaud had informed him of an experiment he 
had made with two exactly similar cabs, heavily loaded, 
one rear-driven and the other fore-driven; they had 
both been run continuously, and the accumulator of the 
former had been exhausted on the first night of the 
trial, whereas the latter had continued running till 
one o’clock the next day. Twenty years ago a 
compressed air tramcar was tried ; it ran for a long 
time and very reliable figures were obtained. But it 
came in one evening with 20 lbs. more air in the 
reservoir than was usual, and the next day it behaved 
equally well. The reason was after a time dis- 
covered. The whole of the four wheels were 


driven by the motor, and the two sprocket pinions 
were attached to the motor shaft by feathers or 
keys. One of the keys had fallen out, and 
the consequence was the vehicle was fore-driven on 
those days. One of the principal advantages of 
the viagraph was that it showed the enormous loss of 
power resulting from the inequalities in the roads. 
When bicycles were introduced it was said they 
would never be labour-saving because their riders had 
to transport their machines from place to place as 
well as themselves. It was now known they were 
labour-saving, and the reason was that they furnished 
a means by which a man’s body was transported on a 
line which approximated to horizontality. In walking, 
the hips continually described the portion of a circle, 
and thus a great deal of energy was thrown away. 


Mr. MARK MAYHEW, L.C.C., pointed out how 
badly the action of the English administration con- 
trasted with that of France in the matter of motors. 
The latter country had given every possible en- 
couragement to the industry. During the past 
few weeks local administrative bodies all over 
the country had threatened the motor industries 
and the users of motor cars with very serious action in 
the Houses of Parliament. Why that was so it was 
impossible to say. It was difficult to understand how, 
in the face of all the evidence, local administrative 
bodies, supposed to represent the population, could 
take such action. The suggestion that motor cars 
should be forced to carry a large placard bearing 
a number back and front was a stigma upon the 
character of their owners, which no other men in 
the country would be called upon to endure. He 
thought he might appeal to the Chairman to place 
before the Society some suggestion that should in 
their turn approach the Local Government Board, the 
Houses of Parliament, and other important adminis- 
trative bodies, and lay before them arguments which 
were bound to dispose at once of such measures as 
the local county councils were now endeavouring to 
bring before them. 


Mr, J. W. BENN (L.C.C.) said he had come to 
hear the paper and discussion in order to discover 
if anything could be done to solve the great 
question of the congestion of London. Mr. Balfour, 
in the House of Commons a few months ago, 
had suggested that the solution of the housing 
problem was to be found in the motor-car, and 
he thought the Professor might show how that 
was to be done. It was now proposed to 
spend vast sums of money in installing electric 
traction in London; he had more than once desired 
that something could be done on the surface of the 
road rather than a method which involved consider- 
able excavation and engineering expense in structures 
beneath the surface. He was led to hope that the 
time was near when they might run omnibuses in 
connection with their tramways on the principle 
which now governed motor cars. An expert recently 
appealed to had stated that there was no such 
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invention at present which would satisfy the require- 
ments of the London County Council. He hoped 
the researches of the Committee would lead to a 
more satisfactory answer to a similar question in the 
near future. 


The CHAIRMAN moved a hearty vote of thanks to 
Professor Hele-Shaw for his paper, which was car- 
ried unanimously. 


Professor HELE-SHAW, in reply, said that the 
subject-matter of the paper had been presented under 
such a number of aspects by the different speakers 
that its vastness had been amply demonstrated. He 
was sure the Socicty of Arts, which had done so 
much for many years towards the improvement of so 
many things, could most profitably devote further 
time to the discussion of the question. He was 
greatly encouraged by the remarks which had been 


made. 
a 


Miscellaneous. 
a 


GUT STRINGS. 


The material for the manufacture of gut musical 
strings, which consists of the intestines of sheep, is 
first obtained from the stockyards’ firms who slaughter 
sheep, the best coming from animals two to three 
years old. The intestines of a healthy, full-grown 
animal ranges from forty to fifty feet in length. 

The following particulars, quoted in the A/usical 
Standard, are taken from the Piano and Music 
Trades Journal :— 

After reaching the manufacturer the gut goes to 
the cleaning department to be thoroughly scraped 
and cleaned. Every particle of fat and fleshy fibre is 
removed, leaving nothing but the outer membranes, 
which is white and very tough. For this purpose a 
machine consisting of a drum turned by a crank, a 
set of dull knives, and a comb to separate the gut is 
used. As the drum is turned the gut is drawn 
between the knives and thus scraped clean. After 
several scrapings the gut comes out clean and white. 

All the time until the gut is spun, it is kept in 
tubs of clean water. Absolute cleanliness should 
mark every stage of string-making, and the water in 
the tubs ought to contain a preservative solution 
which prevents the gut in its wet state from spoiling. 

After scraping and cleaning it goes to the 
“ splitter.” This is a hand operation, and requires 
skill. The worker takes the blade of a safety razor 
and fits it into the table before him so that it is fixed 
on end. A wooden finger projects out from the 
razor blade at right angles in line with the cutting. 
The operator strips the gut over the finger, and, 
drawing the gut deftly towards him, it is split in two 
equal strands. 

Great care is required to keep the strands even and 
uniform, as the gut before splitting is, of course, in 
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the shape of a tube, and if not split exactly even will 
cause thick places and ‘‘draw’’ while spinning, 
making very poor strings. 

After splitting, the strands are spun together and 
placed on the frames to dry. Each string is com- 
posed of a number of the before-mentioned strands, 
depending on the string intended to be. While gut 
strings are made for many purposes, from fine sewing 
gut for surgical purposes to those three-eights of an 
inch thick for machinery belting, the whole process 
is about the same, excepting that musical strings 
require more skilful handling. Six strands are used 
to make E violin string in America, and that is two 
more than is put in E strings made in Europe. It 
also is said to account for the great strength and 
wearing qualities of American strings. 

The surplus water is pressed out of the strands, 
and, still moist and pliable, the strands at one end 
are fastened to a peg in an upright post. The other 
ends are fastened to the spinning wheel, and the 
operation of twisting the strands evenly and closely 
into a single string begins. Much skill is required in 
this operation, for, naturally, as the damp strands are 
twisting they shorten and must be stretched. It isin 
this spinning process Americans are able to use six 
strands in an E string and still not have them thick 
and over gauge. 

When sufficiently spun, the end is taken from the 
wheel and put on a peg in another post. Every 
string made has to go through the process described 
thus far separately, and when strung between the 
posts they are said to be ‘on the frames.” 

The spinning wrings the moisture out of the string 
thoroughly, but it must be left on the frame several 
days to dry and set. When thoroughly dry the 
strings are taken off the frames, cut in lengths, the 
lengths coiled and tied and placed in bundles of 
thirty strings in oiled paper in a neat box. 

For polished strings, when dry on the frames, a 
workman takes very fine emery paper and lays it over 
an aluminium block in which there are a half-dozen or 
more deep grooves. The emery paper he forces in the 
grooves and proceeds to polish as many strings at one 
time as there are grooves in the block by simply 
rubbing the block and emery paper along the length 
of the strings. When polished, they are coiled in 
lengths as described above. 

Regarding the comparative merits of rough and 
smooth finish strings there is scarcely any com- 
parison. The rough finish string is by far the best, 
as polishing cuts the strands and weakens them. 
Under a microscope this is made plain. The strands 
run the string’s circumference in spirals; the tighter 
it is spun the closer the spirals. 

It is along the edges of the strands where the spirals 
twist against one another that the roughness can be 
felt, but hardly seen with the naked eye. Polishing 
this roughness off evenly and smooth cuts away much 
of each strand, weakens it right at the point where it 
should be strongest, to stand the great tension it must 
be subjected to. 
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A polished string looks well, but it cannot have 
the tone and strength of the rough finish. A string 
player of experience shuns polished strings. It is the 
commercial part of the business which demands them. 
They look well, and nine out of ten string purchasers 
would probably buy the smooth strings on their 
appearance alone. The colour and texture of a 
string does not determine its quality. The roughest 
looking yellow one may be very fine, and a beautiful, 
white, smooth one absolutely worthless. 


AUSTRALIAN LEATHER. 


The history of the Australian leather manufacturing 
industry dates from the earliest years of settlement, 
and at the present time there are, in New South 
Wales alone, over a hundred tanneries in active 
operation, employing nearly 1,200 hands, and having 
a plant valued at £64,500. A large proportion of 
the leather is consumed in the local production of 
boots and shoes, of which 3,207,196 pairs were made 
in New South Wales in 1899, the number of factories 
being 79, and of the hands employed 3,510. Machinery 
of the latest and most improved description is used 
in all the factories. Sydney forms the great centre 
of the New South Wales leather trade, being not 
only the great shipping port, but also connected by 
rail or steamer with Bathurst, Orange, Mudgee, 
Glen Innes, Wagga Wagga, Albury, Penrith, 
Windsor, Braidwood, Armidale, Tamworth, Parra- 
matta, Grafton, Ulladulla, Bega, and other places in 
which the leading tanneries, other than those in the 
metropolitan suburbs, are located. Several of the 
manufacturers’ brands are well known in the London 
and other markets. In addition to the large quantity 
of New South Wales material used in the local 
leather industries, a considerable quantity is exported. 
In 1899 the value of the New South Wales leather 
exports was £421,439, of which £374,592 represented 
the value of the colonial-made leather shipped to 
Great Britain. The great bulk of the tanning 
used by New South Wales tanners consists of wattle 
or mimosa bark, the produce of various specimens of 
acacia. This bark yields a higher per-centage of 
tannin than any other known vegetable material, with 
the exception of a bark found only in New Zealand. 
The bark is usually gathered in the spring, which, in 
Australia, commences in September, corresponding 
with March in the Mother Country, although the 
New South Wales climate at that period of the year 
more resembles that of an English June. Consider- 
able quantities of wattle bark are exported to the 
British market, the value of the shipments during 
1899 being over £2,000. Formerly the exports were 
on a larger scale, but the increasing local demand is 
absorbing the greater portion of the available supply. 
At one time it was feared that the supply would 
become exhausted, but immense numbers of the tree, 
which is a rapid grower and easily cultivated, have 
been planted by the colonial Government and private 
growers. Many varieties of the wattle are extremely 


beautiful, with graceful, waving, feathery foliage, and 
several have highly perfumed white or yellow coloured 
flowers in luxuriant profusion. The quantity of 
leather imported into New South Wales is limited, 
and steadily decreasing. In 1899 the value of the 
imports from the United Kingdom was £15,568 ; 
France, £1,527; Germany, £4,512; United States, 
£43,282. The American sole and upper leather is 
considered the best imported, and always commands 
the highest prices. 


VITICULTURE IN TRANSCAUCASIA. 


According to official figures supplied by the De- 
partment of Agriculture at St. Petersburg, the area 
of land under cultivation of the vine, and the produc- 
tion of wine in Transcaucasia, are as follows :—The 
Government of Tiflis, 65,516 acres, and 6,750,000 
gallons; the district of Zakatal, 1,938 acres, and 
22,000 gallons; the Government of Kutais, 94,277 
acres, and 4,050,000 gallons; the Government of 
Elizaretpol, 33,701 acres, and 2,700,000 gallons; the 
Government of Baku, 27,283 acres, and 2,160,000 
gallons; the Government of Erivan, 19,926 acres, 
and 675,000 gallons; the Government of Daghestan, 
6,420 acres, and 540,000 gallons; the Government of 
Tchernomoria, 1,493 acres, and 135,000 gallons; and 
the district of Kars, 121 acres, and 11,000 gallons; 
making a total area under cultivation of 250,675 
acres, and a production of 17,043,000 gallons. The 
figures given above, according to Consul Stevens, do 
not include the grapes grown for sale in the markets 
of the Caucasus, and the quantities consumed by the 
distilleries, the total of which amount was as near as 
possible 108,900 tons. Although viticulture in the 
Transcaucasus is by no means a new industry, it 
has, nevertheless, not yet been able to reach that 
state of prosperity which could entitle it to be 
classed amongst those industries of the country that 
form one of the mainstays of the population. This, of 
course, is due, in a great measure, to the ignorance of the 
inhabitants, and the lack of the knowledge necessary to 
carry on the cultivation of the grape in a systematic 
manner, and on principles which would be more or 
less in keeping with the climatic conditions and varied 
soils of the different altitudes at which the vineyards 
are situated. Grapes grow in a wild state almost 
throughout the Caucasus, and with a little pains 
there is no doubt that the industry might be raised to 
a state of efficiency which would considerably 
enhance the revenues of a large majority of the 
population of the Caucasus, and thereby increase the 
prosperity of the country. Although the production 
of wine has attained figures of fairly large proportions, 
most of the wine is consumed in the country, and 
only a very small quantity finds its way to St. 
Petersburg and other Northern Russian markets. 
The greater part of the wine made is very inferior in 
quality, and in most cases is ‘‘ heavy ” and “ heady.” 
With a very few exceptions, owing to the poverty- 
stricken condition of the wine-growers, who have no 
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possibility of keeping their wines for any length of 
time, it is sold and consumed as soon as it is made. 
This, in itself, does not give an opportunity of 
properly testing the wines, which, if kept long enough, 
would doubtless undergo a complete change for the 
better, as has been proved by the wine made on the 
estates of the Imperial Domains and those belonging 
to the wealthier wine-growers of the Caucasus. Other 
drawbacks in the shape of phylloxera, black-rot, 
oidium, mildew, and the diseases of a fungoid nature, 
which have become chronic, continue to cause havoc 
among the vines, and are a constant source of trouble 
and anxiety to grape-growers. In many parts of the 
Caucasus severe local rain and hail storms have also 
ruined extensive areas of vineyards. 


THE PRESENT COMMERCIAL CON- 
DITION OF PERSIA, 

Persia, as it exists to-day, is about three times 
as large as Germany, but it has only 9,000,000 
inhabitants, 2,000,000 of whom are simple nomads, 
who count but for little as far as foreign trade is 
concerned. Nearly the whole of the centre of 
the country is a desert of salt and sand, the most 
fertile regions being the south-west border towards 
the Persian Gulf and the Tigris district, the Elbrus 
Mountains and part of the province of Khorassan | 
in the north-east of the country. But even in these 
parts the soil produces its fruits only if naturally 
or artificially watered. Whilst Mesopotamia by a 
regular management of the water supply may again 
relatively be brought to a high state of culture, 
Persia, as far as the largest part of it is concerned, 
must from the lack of large rivers remain sterile 
for all time. This is the opinion of a Persian 
correspondent of the Deutsches Handel’s Museum, 
who also states that railroads are still entirely want- 
ing, and the transport, by caravans enhances the cost 
of the traffic considerably. Importation into Persia 
by the sea route has not progressed during late 
years; that of arms, cotton goods, loaf sugar, 
candles, drugs, porcelain goods, matches, &c., de- 
creased last year; whilst there was an increase in 
the importation of provisions, tea, copper, indigo, 
woollen goods, glass-ware, petroleum, yarn, and 
hardware. Hitherto, English influence predomin- 
ated, especially in Southern Persia. Of the 
£ 4,000,000 at which the value of the imports 
into Persia was estimated about £1,000,000 came 
vid Busbire, of which £985,000 were contributed 
by Great Britain. Since fully ten years ago, że., 
since the opening of the Karun river, Russia and 
_ England have competed to reach Teheran from the 
Caspian Sea, and from the Persian Gulf, in which 
the first-named power through her great energy has 
made such a start that it will hardly ever be re- 
covered by any other power. If Russia once opens 
Northern Persia as far as Teheran it will acquire a 
claim to extend her influence also to Southern 
Persia, 


General Notes. 
—$ 


ACETYLENE IN GERMANY.—The increase in the 
price of petroleum, and the decrease in the price of 
calcium carbide are said to be gradually enab- 
ling the latter to supplant petroleum as an illumin- 
ant. The Board of Trade Journal, quoting from 
a recent report of H.M. Consul at Stuttgart, states 
that at the end of 1899 about 170,000 jets of 
acetylene were installed in Germany, which — esti- 
mating the illuminating capasity of the acetylene 
flame at 40 normal candle-power — gives a total 
of 6,800,000 candles. This means that acetylene 
has been substituted for 180,000 petroleum flames, 
21,000 oil-gas jets, and about 3,500 jets of other 
illuminants, without taking into consideration the 
large number of acetylene oil-gas jets used so ex- 
tensively at present by the Prussian railways. 


MEETINGS OF THE SOCIETY. 
ORDINARY MEETINGS. 


Wednesday evenings, at Eight o’clock :— 


DECEMBER 12.—‘‘ The Treatment of London 
Sewage.’ By ProF. FRANK CLowEs, D.Sc. R. 
BRUDENELL CARTER, F.R.C.S., will preside. 

DECEMBER 19.—‘“‘ The Siege of Ladysmith.” By 
W. T. Maun (special artist to the Graphic). 


Papers for meetings after Christmas :— 


“ Recent Inventions in Weaving Machinery.” By 
PROF. ROBERTS BEAUMONT. 

“ Multicolour Printing.” By ELMER Z. TAYLOR. 

“ The Synthesis of Indigo.” By ProF. RAPHAEL 
MELDOLA, F.R.S., 

“School Work in Relation to Business.” By 
Sır JOSHUA FITCH, LL.D. 

“ Evolution of Form in English Silver Plate.” By 
Percy T. MACQUOID. 

« Clocks, Carillons, 
JOHNSTON. 

“The Proposed High-Speed Electrical ‘ Mono- 
rail’ between Liverpool and Manchester.” By F. B. 
BEHR. 

‘‘ Photography of Natural Colours by the 
McDonough-Joly Process. By H. SNOWDEN 
WARD. 

‘“ The Outlook for the World’s Timber Supply.” 
By Dr. W. SCHLICH. 

“ Patent Law Reform.” 
SIEMENS. 

“ Modem Artillery.” By LIEUTENANT ARTHUR 
TREVOR DAWSON, late R.N. 

“ Testing Distant Vision.” 
CARTER, F.R.C.S. 


and Bells.” By A. A. 


By ALEXANDER 


By R. BRUDENELL 


INDIAN SECTION. 
The meetings of this Section will take place 
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on the following Thursday afternoons, at 4.30 
o'clock :— 

January 17, February 14, 28, March 12, April 16, 
May 16. 


COLONIAL SECTION. 

The meetings of this Section will take place 
on the following Tuesday afternoons, at 4.30 
o`clock :— 

January 22, February 19, March 19, April 30. 


APPLIED ART SECTION. 

The meetings of this Section will take place 
on the following Tuesday evenings, at 8 
o’clock :— 

January 15, 29, February 12, March 5, April 16, 
May 21. 


CANTOR LECTURES. 

The following courses of Cantor lectures 
will be delivered on Monday evenings, at 8 
o’clock :— 

PROF. JOHN A. FLEMING, M,A., D.Sc., 
F.R.S., “ Electric Oscillations and Electric 
Waves.” Four Lectures. 

LECTURE III.—DECEMBER 10. 

The Electromagnetic Medium.—The Two Con- 
stants of the Medium—The Unitary Ratio “v ”— 
Study of Dielectric Constants — Maxwell’s Law— 
Low Temperature Effects. 

LECTURE IV.— DECEMBER 17. 

Electric Waves.—Hertz’s Discoveries—Production 
of Electric Waves—Experimental Study of their Pro- 
perties — Electro-optical Phenomena — Reflection, 
Refraction, Absorption, and Polarization of Electric 
Waves, and Apparatus for their Detection and 
Measurement. 

J. LIBERTY TADD, “ Elementary Art Educa- 
tion.” Four Lectures. 

January 14, 21, 28, February 4. 

W. J. POPE, ‘‘ The Bearings of Geumetry on the 
Chemistry of Fermentaticn.’’ Four Lectures. 
February 11, 18, 25, March 4. 

MAJOR P. CARDEW, “Electric Railways.” 
Three Lectures. 

March 11, 18, 25. 

SIR WILLIAM CHANDLER ROBERTS-AUSTEN, 
K.C.B., F.R.S., “ Alloys.” Four Lectures. 
April 22, 29, May 6, 13. 


MEETINGS FOR THE ENSUING WEEK. 


Moxpay, Dec. 10...SOCIETY OF ARTS, John-street, 
Adelphi, W.C., 8 p.m. (Cantor Lectures.) Prof. 
John A. Fleming, ‘Electric Oscillations and 
Electric Waves.” (Lecture III.) 
Farmers’ Club, Salisbury Hotel, Salisbury-square, 
E.C., 6 p.m. 
Prof. Axe, “Swine Fever, and the Methods 
adopted by the Board of Agriculture for its Sup- 
pression,’ 


(The Annual General Meeting.) - 


Imperial Institute, South Kensington, S.W., 8} p.m. 
Mr. J. Cathcart Wason, ‘‘ New Zealand.” 

Surveyors, 12, Great George-street, S.W., 8 p.m, 
Mr. E. Middleton, “The Future of the London 
Water Supply.” 

Cleveland Institute of Engincers, Middlesbrough, 
7} p.m. 

Geographical, University of London, Burlington- 
gardens, W., 8 p.m. 

Camera Club, Charing-cross-road, W.C., 8} p.m. 

Medical, 11, Chandos-street, W , 8} p.m. 

London Institution, Finsbury-circus, E.C., 6 p.m. 
Mr. Coulson Kermahan, ‘Confessions of a 
Literary Adviser.” 


Turspay, Dec. 11...Medical and Chirurgical, 20, Hanover- 
square, S.W., 8} p.w. 

Civil Engineers, 25, Great, George-street, S.W., 8 
p.m. 1. Mr. Alfred Weeks Szlumper, (a) "“ The 
Signalling on the Waterloo and City Railway; ” 
and (b) “Note on the Signalling of Outlying 
Siding Connections.” 2. Mr. Stephen Butler 
Cottrell, “ Signalling on the Liverpool Overhead 
Railway.” 

Photographic, 66, Russell-square, W.C., 8 p.m. 

Anthropological, 3, Hanover-square, W., 8} p.m. 

Colonial, Whitchall-rooms, Whitehall-place, S.W., 
8 p.m. Lord Brassey, “Thoe Progress of the Colony 
of Victoria.”’ 

Asiatic, 22, Albemarle-street, W. 4 p.m. 

Pharmaceutical, 17, Bloomsbury-square, W.C.,8 p.m. 


Wepnespay, Dec. 12...SOCIETY OF ARTS, John-street, 
Adelphi, W.C.,8p.m. Prof. Frank Clowes, ‘‘ The 
Treatment of London Sewage.”’ 

Japan Society, 20, Hanover-square, W., 8} p.m. Mrs. 
Ernest Hart, ‘“‘ Impressionism in Japanese Art.” 
Central Chamber of Agriculture (at the Houses oF 

THE SOCIETY OF ARTS), 11 a.m. 


Tuurspay, Dec. 13...Royal, Burlington-house, W., 4¢ p.m. 
Antiquaries, Burlington-house, W., 83 p.m. 
Chemical, Burlington-house, W., 84 p.m. Rammels- 

berg Memorial Lecture, Prof. H. A. Miers. 
London Institution," Finsbury-circus, E.C., 6 p.m. 
Prof, Sir J. Frederick Bridge, “ Dramatic Music— 
from the Miracle Plays to the Masque of Comus.”’ 
Electrical Engineers, 25, Great George-street,S.W., 
8p.m. Mr. W. Duddell, ‘‘ Rapid Variations in 
the Current through the Direct Current Arc.” 
Historical, St. Martin’s Town-hall, Charing-cross— 
road, W.C., 8} p.m. 
Mathematical, 22, Albemarle-street, W., 8 p.m. 
Camera Club, Charing-cross-road, W.C., 8} p.m. 


Fripay, Dec. 14...North-East Coast Institute of Engineers 

and Shipbuilders, Newcastle - upon - Tyne, 8 p.m. 

Mechanical Engineers, Storey’s-gate, St. James’s- 
park, S.W., 8 p.m. Mr. Herbert A. Humphrey, 
“ Power-gas and large Gas-engines for Central 
Stations.” 

Astronomical, Burlington-house, W., 8 p.m. 

Physical (Physical Laboratory of the Royal College 
of Science, South Kensington), 5 p.m. 1. Prof. 
A. Schuster, ‘‘ Electric Inertia.” 2. Prof. A. 
Schuster, “The Effect of Inertia on Electric 
Currents in a Rotating Sphere.” 3. Prof. R. 
Threlfall, ‘Exhibition and Description of a 
Quartz Thread Gravity-Balance.” 4. Prof. A. W. 
Riicker, ‘‘ The Theory of Magnetic Disturbances by 
Earth Currents.” 5. Dr. R. T. Glazebrook, 
“ Notes on the Practical Application of the Theory 
of Magnetic Disturbances by Earth Currents.” 6. 
“ Prof. A. W. Rücker, “ The New Physical Labo- 
ratories of the Royal College of Science.” 7. Mr. 
W. Watson, “‘ Exhibition of a Set of Half-Secends 
Pendulums.” 
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All communications for the Soctely should be addressed to 
the Secretary, Fohn-street, Adelphi, London, W.C. 


Notices. 
a 
CANTOR LECTURES. 

On Monday evening, roth inst., Professor 
JOHN A. FLEMING, D.Sc., F.R.S., delivered 
the third lecture of his course, on ‘Electric 
Oscillations and Electric Waves.” 

The lectures will be printed in the Journal 
during the Christmas recess. 


JUVENILE LECTURES. 


The usual short course of lectures adapted 
for a juvenile audience will be given on 
Wednesday afternoons, January 2 and 9, 1901, 
at 4.30 o’clock, by E. WALTER MAUNDER, 
F.R.A.S., Superintendent of the Solar Depart- 
ment, Greenwich Observatory, on ‘‘ Eclipses.’’ 

A sufficient number of tickets to fill the room 
will be issued to members in the order in which 
applications are received. Subject to these 
conditions each member is entitled to a ticket 
admitting two children and an adult. 

The tickets for the lectures are now ready 
for issue. 


EXHIBITION OF MODERN 
ILLUSTRA TION. 


The Board of Education has decided to 
open this Exhibition on Monday, January 
7th next, in the galleries of the Indian 
Section of the Victoria and Albert Museum, 
South Kensington. A private view will be 
held on Saturday, January sth. 


Proceedings of the Society. 


A 
FOURTH ORDINARY MEETING. 
Wednesday, December 12th, 1900; R. 


BRUDENELL CARTER, F.R.C.S., Vice-Presi- 
dent of the Society, in the chair, 
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The following candidates were proposed for 
election as members of the Society :— 


Barnes, Captain Ernest, I.S.C., The Agency House, 
Dhar, Central India. 

Cardi, Count E. de, 18, Grange-road, Gunnersbury, 
W. 

Colquhoun, James, The Arizona Copper Company, 
Clifton, Arizona, U.S.A. 

Hamilton, Jobn, 199, Mount-road. Madras, India. 

Henderson, J. C. A., 1, Kingswood-road, Norwood, 
S.E., and Sun-court, Comhill, E.C. 

King, Kelso, Australian Club, Sydney, New South 
Wales. 


. Lal, Dr. Munna, Banda, N.W.P., India. 


Parker, Thomas Hugh, Copthornes, Copthorne-road, 
Wolverhampton. 

Plummer, John, Northwood, Lane Cove River, 
Sydney, New South Wales. 


The following candidates were balloted for 
and duly elected members of the Society :— 
Dring, W. A., East Indian Railway, Calcutta, India. 
Field, Arthur Strickland, The Pryors, East Heath- 

road, Hampstead, N.W. 


Highet, R. S., East Indian Railway, Asansol, India, 


Latimer, Robert Edward, Hurstwood, Hale-end, 
Chingford, Essex. 

Leeson, William Frederick, 34, Great St. Helen’s, 
E.C., and Durban, Natal, South Africa. 

Mathews, Randle L., J.P., Stourton-court, Stour- 
bridge. 

Palmer, Charles Stuart Russell, Outram-street, Perth, 
Wester Australia. 

Richardson, J. Topham, The 
Surrey. 

Ritchie, John Gerald, care of Grindlay and Co., 54, 
Parliament-street, S.W., and Bankipore, India. 

Seymour, Horace, C.B., Royal Mint, E. 

Shaw, Ferdinand Albert, Hale-place, East Peckham, 
near Tonbridge, Kent. 

Smith, James Cruickshank, B.Sc., 30, Davenport- 
road, Catford, S.E. 


Barons, Reigate, 


The paper read was— 


THE TREATMENT OF LONDON 
SEWAGE. 
By PROF. FRANK CLOWES, D.Sc.LOND. 
Chemical Adviser to the London County Council. 

1. Importance of the Measure.—The con- 
sideration of any sanitary measure which affects 
London is of supreme importance, since it is 
related to the welfare of a population exceed- 
ing 5,000,000, or at least one-eighth of the 
total population of the United Kingdom. 
Since almost the whole of the London sewage 
is discharged into the Thames, the disposal 
of London sewage affects the most busy water- 
way in the world, a waterway which leads 
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up to the premier city, which carries the com- 
merce of all nations, and which remains open 
and unfrozen all the year. The shipping 
tonnage passing over this river, which has 
long been steadily increasing year by year, 
has now reached (1899) to over 23,000,000. 

2. Causes of Nuisance and Danger to 
Ffealth.—Under ordinary conditions the to 
and fro tidal action in the lower river pre- 
vents the sewage which is discharged into it 
from being wholly carried out to sea at once. 
Hence, when some years since the raw sewage 
of London was regularly poured into the river 
in the neighbourhood of the city, the road 
detritus and putrescible faecal matter which 
were delivered in the sewage settled on the 
river-bed and foreshores. The road detritus 
tended to permanently reduce the depth of 
the river; while the putrescible matter, arriv- 
ing faster than it could be removed by the 
river or could be destroyed by inoffensive bac- 
terial action, accumulated as a deposit on 
the foreshores and floated in masses of thick 
scum on the river. It there underwent foul 
putrefactive changes, rendering the river most 
offensive to those who navigated it or lived 
and worked near its banks, and almost into- 
lerable in summer weather, even to those who 
crossed its bridges. That this result was in- 
evitable will be understood, when it is remem- 
bered that the sewage consists of the whole 
of the water - supply and rainfall over the 
metropolitan area which have been charged 
with varied refuse matters of our streets, our 
houses, and our manufactories. 

3. Removal of Nutsance.—The nuisance 
was removed by taking the sewage fifteen miles 
below London. Since this was found insufficient 
the sewage was subsequently subjected to 
chemical treatment and sedimentation before 
it was allowed to flow into the river. The 
treatment ultimately adopted and still in vogue 
consists in straining or ‘‘screening’’ off the 
larger solid matters and then mixing the sew- 
age with solutions of lime and sulphate of 
iron; the chemical precipitate thus produced 
is then allowed to settle, together with the 
finer particles in the sewage, by sending the 
sewage slowly through. parallel channels on its 
way to the river. The screenings or “filth ” 
are disposed of by being dug into the ground ; 
the settled matter, or ‘‘sludge,’’ is sent in 
tank-steamers to be discharged out at sea 
beyond the river’s mouth; and the fairly clear 
“effluent”? passes constantly into the river 
from the northern outfall (Beckton or Barking) 
and the southern outfall (Crossness) in two 


streams, which jointly deliver over 200,000,000 
gallons every twenty-four hours into the river, 
and which probably constitute the most im- 
portant tributaries of the lower Thames near 
London. Since these processes of chemical 
treatment and sedimentation have been adopted, 
the foreshores of the river have become clean, 
the outrageous foulness of the stream has 
ceased, and those who live on and near the 
Thames unanimously express their approval of 
the improvement effected. 

4. Risks of Foulness from Present Treat- 
ment.—It must be remembered, however, that 
the effluent of the sewage, after it has been freed 
from visible foul matter, still contains in 
invisible solution a large amount of putrescible 
substance, which may, under suitable condi- 
tions, lead to serious foulness in the stream. 
The effluent at present discharged into the river 
is practically only clarified sewage. Aslongas 
putrefactive changes are delayed by low tem- 
perature of the river water, and an ample flush 
of upper river water comes down to dilute this 
effluent and to carry it rapidly out to sea, 
no sensible foulness occurs inthe main stream. 
But in summer time, when high temperature 
hastens putrefactive change and diminishes 
the amount of oxygen dissolved in the river 
water, and when the flush of water from the 
upper river is diminished by drought and by 
the abstraction of larger volumes of the water 
by the water companies, the condition of por- 
tions of the lower river frequently closely ap- 
proaches that necessary to cause offence. 
There can be no doubt that as the volume of 
sewage effluent increases, and the abstraction 
of upper river water for water-supply also 
increases with the increasing population, these 
portions of the lower river must pass more 
frequently into a condition bordering upon or 
actually causing foulness. It is, therefore, 
prudent to be prepared to adopt without delay 
a method of treatment of the London sewage 
which shall meet the requirements of an 
increasing population, and shall enable the 
more ample effluent to be discharged into the 
river in a state of greater purity than is at 
present secured. 

5. Steps taken by the Municipal Auth- 
orities for future improvement of effiuent.— 
As far back as 1893, the Main Drainage Com- 
mittee of the County Council, on the advice 
of their chemist, Mr. Dibdin, started a 
large scale experiment on the bacterial puri- 
fication of sewage, the purification being 
applied to the effluent from chemical treatment 
and sedimentation. This experimental treat. 
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ment has-been continued by the committee, 
on my own advice, and has been considerably 
extended in its scope. The committee also 
consented to the association of the eminent 
bacteriologist, Dr. Houston, with me in these 
experiments during the three years of their 
progress, and I wish to acknowledge the great 
advantage derived from this association and 
from the intelligent and hearty co-operation of 
the resident superintendents and chemists, 
Messrs. Beal, Biggs, Stokoe, and Pike. The 
results which have been obtained have been 
published by the London County Council in 
the form of a series of reports which I have 
laid before them from time to time. The 
general conclusion to which they point is that 
the settled sewage may be purified to a far 
greater degree than it is by the present treat- 
ment, by encouraging the spontaneous purify- 
ing action of the bacteria which are present in 
the sewage itself. The effluent thus produced, 
without the intervention of chemicals, remains 
free from foul putrefaction and is able to 
support the life of fish ; in these and in all other 


respects it is greatly superior to the effluent ' 


which is at present discharged into the river. 
The minute vegetable organisms, known as 
bacteria, exist to the average number of 
300,000 per drop of sewage. They only 
require to be placed under suitable conditions 
in order to effect the rapid and inoffensive 
resolution of the putrescible matters of the 
sewage into harmless and inoffensive products. 

6. Bacterial Treatment and tts Adoption. 
~—Professor Frankland referred in a recent 
address to the classic researches of the Rivers’ 
Pollution Commission of 1868, who were soon 
led to recognise that the important factor in 
determining the efficiency of sewage disposal 
by broad irrigation is the passage of the sew- 
age through the pores of the soil, or, in other 
words, filtration. He says :— 


“The most striking feature about the results of 
their experiments is the extraordinarily rapid trans- 
formation of ammonia into nitrates, which occurs 
during this passage through a few feet of soil. This 
nitrification process was at the time supposed to be 
simply a case of direct chemical oxidation by atmos- 
pheric oxygen ; indeed, it was not until seven years 
later (1877) that the astounding discovery was made 
by Schlössing and Muentz that this change is entirely 
dependent upon the vital energies of micro-orga- 
nisms, and it was not until 1890 that the particular 
bacteria responsible for this important reaction were 
isolated and characterised. With these discoveries 
the whole process of sewage purification by contact 
with soil was shown to be of a bacteriological 
character. In consequence of this it was only 


natural that attempts should be made to partially 
regulate or domesticate the bacteria capable of 
carrying on such important work.” 

“The domestication of micro-organisms is of 
course no novelty; the fermentation industries 
which have been carried on from very ancient times 
are all examples of the domestication of microscopic 
living organisms by man. The yeasts carrying on 
the work of the brewer and the distiller, the bacteria 
engaged in the manufacture of vinegar, as well as the 
medley of organisms concerned in the production of 
cheese, are all domesticated in essentially the same 
sense as the horse which draws the waggon or the 
plough, the pig that fattens in the sty, the herds of 
sheep and cattle in the fields, or the miscellaneous 
population of the duck-pond and the poultry-yard. 
The taming and domesticating of the bacteria capable 
of purifying refuse organic products in reality uncon- 
sciously commenced in the establishment of sewage 
farms and in the construction of intermittent filters. 
The progress of the past few years consisted in train- 
ing these bacterial servants to a higher degree of 
efficiency, and in improving the conditions under 
which they labour by providing them with more 
suitable food, assigning to them particular raw 
materials which they have a special capacity to deal 
with, and above all providing their workshops with the 
ventilation which is necessary for the proper discharge 
of their functions.”’ 

Professor Frankland, who has recently acted 
as an expert chemical and bacteriological 
adviser to Manchester on the question of sew- 
age disposal, has arrived at results so similar 
to those which have been reached by the 
London County Council’s experimental work, 
that I wish to draw attention to them in the 
present paper. He considers that the bacte- 
riological is the most useful and economical 
method of treatment for purifying sewage, but 
that the system must be applied with proper 
consideration of the conditions of the district, 
and must be under a general intelligent super- 
vision in order to secure and maintain its 
success. 

He draws attention also to the fact that— 

« All the great developments in the purification of 
sewage—chemical precipitation, irrigation, intermit- 
tent filtration, and bacterial treatment (including septic 
solution)—are essentially British, although we are 
deeply indebted to America for the extraordinary 
diligence with which some of its men of science have 
conducted a truly monumental series of experiments 
demonstrating the great possibilities of intermittent 
filtration.” 

He urges, therefore, the desirability of this 
country adopting its own improved methods ; 
and he goes on to speak of the advantage which 
would result from having in this country— 


‘‘An organisation which would carry out experimental 
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investigation into sanitary subjects on the scale and ' emptying and filling the coke-bed were re- 
with the thoroughness adopted by the Massachusetts | peated with a fresh portion of sewage. The 
Board of Health.” | coke-bed was at first filled in this way twice 

The London County Council has in recent | in every twenty-four hours, but later on it was 
years to a large extent met this requirement, | filled three and four times in twenty-four hours. 
as is shown in the present paper. (2) A considerable purifying action has been 

Professor Frankland then draws attention to | effected by the coke-bed. This is produced by 
the very different attitude which even a pro- | the introduction of bacteria from the sewage. 
gressive community is apt to assume towards an | (Table I.) The maintenance of the purifying 
improved scheme of sewage purification which | action is due to the presence of bacteria or 
does not appear at first sight to be of material | their enzymes upon the coke surfaces, and 
advantage to it, as compared with its attitude | to the adequate aération of these surfaces by 
towards public works which provide for the | frequently exposing them to the oxygen of the air. 
supply of water, gas, electricity, tramways, | (3) The oxygen undergoes absorption by 


TABLE I.—AVERAGE NUMBER IN ONE CUBIC CENTIMETRE (HOUSTON). 
Liquefying | oP tac: 


Bacteria. 
Bacteria. teria: 


eee 


Raw sewage from London north of the Thames ( Barking ), Feb. to April, 1898 | 3,899,259 | 430,750 | 332 
Raw sewage from London south of the Thames (Crossness), Feb. to April, 1898 | 3,526,607 | 400,0CcO | 305 


” ” ” i May to Aug., 1808 | 6,140,000 | 860,000 | 407 
Sewage effluent from coke-bed............ .» (Crossness), May to Aug., 1898 | 4,437,000 | 762,000 | 252 
(Per-centage reduction of bacteria by passing through coke-bed ...... 27°7 77°4 38] 
Sewage effluent from chemical treatment and sedimentation ...... Nov., 1898| 7,500,000 |1,050,000 | 200 
Thames water, Greenhithe, half ebb-tide .... ..sssececccecceess Oct., 1898 10,000 — 63 
Thames water, Barking, low-tide .....cceeseccsccsceseccecses NOV., 1898 34,400 — 89 
Thames water, between Sunbury and Hampton ....sssessesee s. NOV., 1898 5,100 — 56 
Thames water, at Twickenham .......ceceeceoessccseereveese NOV., 1898 3,000 a 18 


ee ae ee 


and other necessities which are seen at once ' these surfaces, and the aération of even 
to benefit the community and possibly to bring the lowest portions of a deep  coke-bed 
money returns into its exchequer. Public | seems to be satisfactory in the above method 
opinion is, however, undoubtedly becoming | of working, since the air present in the 
enlightened on these matters, and is prepared | interstices of the coke, between two fillings 
to consider good health as being worth pro- | with sewage, usually contains as much as 75 
viding for and even paying for. ' per cent. of the amount of oxygen present in 

7- General Conclusions derived from the theair. (Table II.) 

Experimental Bacterial Treatment of Raw 2 
Sewage at the Out-falis of the London TABLE II.— EXPERIMENTAL PROOF OF AERATION 
Saara inode Thams: OF DEEP COKE-BED (CROSSNESS). 

& 

(1) The following results were obtained by 
treating the raw sewage bacterially in coke 
beds. In the process adopted, the sewage 
was allowed to flow into large tanks which 
contained fragments of coke about. the 
size of walnuts. As soon as the level 


Samples of air were drawn from the interstices of 
the coke at varying depths from the surface of the 
coke-bed, and at varying intervals after the outflow of 
the sewage effiuent; these samples gave on analysis 
the following results :— 


Depth(in | Number of | Per-cent. | Per-centage 


bce Date. A N 
of the liquid had reached the upper sur- eae | ageet ot carbon 
: oa 1899. | Surface of | effluent was | oxygen in| dioxide in 
face of the coke-bed, its further inflow coke-bed.| removed. | the air. the air. 
was stopped, and it was allowed to remain | “| 
Oct. 30 13 2 19°! o'g 


in contact with the bacteria coke surface for i : 
two to three hours. It was then allowed to ái 3 4 14°2 3°5 


flow slowly away from the bottom of the coke- N i 194 pie We 
bed. This out-flowing liquid constituted the Nees 3 4 19°0 o 
9 13 5 19'0 1'0 


“sewage effluent.’’ After an interval of | 
from three to seven hours, the processes of | 


The per-centage of oxygen present in fresh air is 20°96. 
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(4) Raw sewage, which had been deprived 
of its larger particles by screening it through 
coarse gratings, lost practically the whole of 
its suspended matter by remaining in sucha 
coke bacteria bed for two or three hours. It 
appears that the suspended particles of fzcal 
matter underwent liquefaction by the bacteria, 
Since they did not collect upon the surface of 
the coke. 

(5) The sand and grit and finer mud, arising 
mainly from the wear of road surfaces, how- 
ever, were deposited upon the coke surfaces, 
and gradually reduced the capacity of the 
coke-bed. 

(6) Hair, fibrous matter, and woody fibre 
derived from the wear of wooden street pave- 
ments, and particles of chaff and straw mainly 
derived from the dejecta of horses employed in 
the street traffic, were also deposited upon the 
coke surfaces and gradually choked the coke- 
bed. These substances, which consist mainly 
of cellulose, are apparently only acted upon by 
bacteria with extreme slowness under the above 
conditions. They arrive, however, in a water- 
logged condition, and rapidly settle down from 
the sewage if its rate of flow is reduced. 

(7) In dealing with the sewage of the 
metropolis, it seems best to submit the 
roughly screened raw sewage to a somewhat 
rapid process of sedimentation, in order to 
allow these suspended mineral and cellulose 
matters (5, 6) to subside; and then to pass the 
sewage direct into the coke-beds. The dis- 
solved matters and the small amount of 
suspended matters which are still present in 
the sewage are then readily dealt with by the 
bacteria of the coke-bed, and no choking of 
the beds occurs. 

(8) The sewage effluent which is thus ob- 
tained from the coke-beds is entirely free from 
offensive odour and remains inoffensive and 
odourless even after it has been kept for a 
month at summer heat, either in closed or 
open vessels. It is clear, except when a 
turbidity is produced by fine mud particles 
washed down by heavy rain. Many pond and 
river fish have been kept in the constantly 
renewed effluent for a month, and have been 
found to be perfectly healthy at the end of 
that period. 

(9) The chemical character of this efHuent 
may be briefly indicated by stating that on 
an average §1°3 per cent. of the dissolved 
matter of the original sewage, which is oxidis- 
able by permanganate, has been removed by 
the bacteria, and that the portion which has 
been removed is evidently the matter which 


would become rapidly offensive and would 
rapidly lead to de-aération of the river water 
if it were allowed to pass into the river. The 
above percentage removal (51°3) was effected 
by coke-beds varying from 4 to 6 feet in depth. 
A similar bed, 13 feet in depth, has proved 
more efficient, and has for some time produced 
a purification of 64 per cent., while an old bed, 
6 feet in depth, has given a purification of 86 per 
cent. A repetition of the treatment of the effiuent 
in a second similar coke-bed has produced 
an additional purification of 19°3 per cent., 
giving an average total purification cf 70°6 per 
cent. (Table III.) It should be noted that the 
above purification is reckoned on the dis- 
solved impurity of the sewage; the suspended 
solid matter is not taken into account. No 
difficulty has been found in maintaining this 
bacterial purification. 


TABLE III.—RELATIVE IMPURITY AS ESTIMATED 
_BY PERMANGANATE. 


ee ne ee ee e a. ee ee ee ee 


| Per-centage purifi- 
3'696 |'cation calculated on 


Raw sewage deprived of its 
clear raw sewage. 


suspended matter........... 


Effuent from chemical K 
treatment .......ccccsecsceeeee 3079 16°9 
Effluent from single | | 
terial treatment.............. 1799 | 513 
Effluent from double ne I 
terial treatment .............. PEST I, 69'2 
River water (high-tide)........... 0°550 | z5 
4 
0'429 — 


” », (low-tide)........... | 


(10) The bacteriological condition of the 
effluent corresponds in the main with that of 
the raw sewage. The total number of bac- 
teria undergoes some reduction in the coke- 
beds, but the different kinds of bacteria which 
were present in the sewage are still repre- 
sented in the effluent. (Table I.) 

(11) The introduction of such a sewage 
effluent into the Lower Thames is unobjec- 
tionable. The river water at the points where 
the effluent is discharged is uniformly muddy ; 
it is always brackish and frequently salt to 
taste, owing to the presence of tidal sea 
water. It is, therefore, not capable of 
being used for drinking purposes. The 
effluent would certainly cause no deposit upon 
the river bed, and would ordinarily tend to 
render the muddy river water more clear by 
mixing with it. No offensive smell would be 
emitted by the effluent as it is discharged into 
the river. And, although the effluent contains 
more organic matter than the river water does, 
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the bacteria which it contains would slowly and 
inoffensively remove this organic matter from 
the effluent after it has been introduced into 
the river. The effluent would be suitable 
for the maintenance of healthy fish-life. 


DISCUSSION. 


The CHAIRMAN said he was quite sure that no 
gentlemen present who were ratepayers would be 
otherwise than grateful to Professor Clowes for the 
clear way in which he had brought before the Society 
the advantages of this system of sewage treatment, 
and for the stress which he had rightly laid upon the 
extreme importance of the matter as a question of 
sanitation. So long as they were content to employ 
the water-carriage system to remove refuse from towns 
and habitations, so long was it absolutely necessary 
that some measures should be taken to preserve the 
atmosphere and water from pollution. The state of 
the Thames in former years was made the sub- 
ject of a letter to Zhe Times from that great philo- 
sopher, the late Professor Faraday, who with 
his extreme felicity in devising even an extempore 
experiment, illustrated the condition of the river by the 
following example. When going down the Thames 
in one of the ordinary steamers he tore up his visiting 
card into four pieces and threw these overboard. 
The water was so opaque that the lower part of a 
bit of card, less than an inch square, was entirely lost 
to view, whilst the upper portion still remained 
visible. His friend, Professor Poore, contended that 
they were altogether on the wrong tack, and that 
they ought to restore to the land the fertilising 
materials that were now permitted to go to waste 
without the intervention of water, but he was afraid 
Professor Poore was, for the present at all events, 
crying in the wilderness of bricks and mortar, and 
that the only practical thing in the present generation, 
or, perhaps, even in the coming century, would be 
to minimise an inevitable nuisance as far as it could be 
done. He should have been glad if Professor Clowes 
had given some information concerning the cost of the 
process as compared with the cheapness of letting it 
alone ; also how much land would be required, and 
what size the tanks for the bacteriological treatment 


of the whole of the London sewage would be. It 


would be interesting to know whether there were no 
other methods of applying the active bacteria to the 
purposes in hand, and whether the admixture of salt- 
water had any injurious effect upon the bacteria 
contained in the improved effluent—z.c., whether when 
they got within the reach of the tides their activity was 
continued or impaired. 


Dr. RIDEAL said that Professor Clowes had pointed 
out in the paper, and also on previous occasions, that 
the treatment of London sewage was a different pro- 
blem to the treatment of sewage in other places, and 
that when he had addressed audiences on the subject 


he had confined his attention to the experiments that 
had been carried out by himself for the London 
County Council. That was an important considera- 
tion connected with the problem, because the conclu- 
sions drawn from the valuable reports published by 
the London County Council had been applied to 
sewage in other places. The conclusions were useful 
and valuable, but to at once conclude from the 
London County Council’s experiments that the 
method which had been so interestingly and ably 
worked out by Mr. Dibdin in the first instance, and 
afterwards by Professor Clowes, was suitable in all 
cases was going a little too far, and was in excess of the 
intentions of Professor Clowes and the London 
Connty Council. The presence and fate of patho- 
genic organisms after the bacterial treatment of 
sewage had not been touched upon by Professor 
Clowes. Professor Houston, who had been associated 
with Professor Clowes in the experiments referred to, 
in speaking on the subject, had pointed out that in 
the method put forward that evening for dealing with 
sewage the pathogenic organisms survived the treat- 
ment, and had given figures showing the presence of 
B. coli in large numbers in it, and also spores of 
B. enteritidis, and organisms which stained in the 
same way as that of tubercle, in the effluent from 
the beds. It had consequently been argued from the 
experiments made before the London County Council 
that, therefore, all bacteriological processes must not 
be looked for as being likely in the future to deal 
efficientiy or effectively with the pathogenic organisms 
present in sewage. Dr. Houston’s work showed only 
that this is true of beds worked in the way mentioned 
by Professor Clowes; but investigators had put for- 
ward other methods for dealing with the sewage 
problem on bacterial lines, and from his own experi- 
ments he was inclined to the view that continuous 
well aérated filters were a better safeguard from this 
point of view, and were likely to be more generally 
adopted by towns discharging into rivers which might 
be used as drinking supplies. For some years past he 
had ventured to suggest that there should be a dis- 
tinct differentiation in the bacterial treatment of 
sewage, that the process should consist of two 
stages, the first in which one brought about, if 
possible, the solution of the solids, and the second 
one in which as much aération of the liquid was 
secured as possible. It was gratifying to find from 
Professor Clowes’s last report that the proposal which 
he now made for dealing with the London sewage 
admitted the first part of the contention—that the 
straw and wood fibre should not be allowed to pass 
on to the bed, which meant that the suspended matter 
must be removed by settling tanks before the beds did 
their work. Professor Frankland and his colleagues 
who reported on the Manchester inquiry had also 
come to that conclusion, so that now the two largest 
towns agreed that the bacterial bed was only a 
machine for finishing off the process. In London 
the first change took place in a channel in which the 
straw and wood fibre was allowed to settle, while in 
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Manchester it was done in an open settling tank, or 
open septic tank as it was called. Tbat being the 
case, they also came to the differentiation of the 
organisms—the organisms which took part in the first 
tank, and those which took part in the second appa- 
ratus. The organisms in the first apparatus seemed, 
from the Manchester report, to act equally well 
whether the first tank was opened or closed, and 
therefore the change in it was similar to the process 
worked out four or five years ago at Exeter, known 
as the septic tank process, and adopted by that city. 
To go into the details of the preliminary change 
would be out of place, but it was satisfactory to see 
that the different processes were now in line so far. 
With regard to the second part of the process, he 
had held with others that in it air and oxygen 
should be admitted as much as possible. It would 
be noticed that in the working of the contact beds, 
air was not in continual contact with the organisms ; 
the beds were alternately empty and filled. It was 
only during the empty period that oxygen came in 
contact with the organisms, and with the small 
quantity of sewage which remained in the bed when 
it was empty. He still believed that it was during the 
empty period that the beds did the greatest amount 
of oxidising work. That was shown by many ex- 
periments, amongst others by the proof of aération 
put forward by Professor Clowes that evening. It 
would be noticed that the quantity of carbonic acid 
increased in the beds after a long empty period. Its 
production must be due to the oxidation of the 
organic matter suspended in the bed, and which 
it was now proposed to keep out of the bed by a pre- 
liminary setthng. In the first two, three, or four 
hours during which the beds were empty, oxygen 
must be taken up by the beds in the production of 
nitrates, but the formation of the carbonic acid 
was not appreciable. Therefore the first change, 
which he believed was a breaking down of the car- 
bon compounds, which should take place in the pre 
liminary change, should not take place in such a bed ; 
it was asking the bed to do two different kinds of work. 
It must be remembered that the results of the experi- 
ments put forward that evening were based upon 
beds worked as contacts in which this alternative 
character and dual function was a characteristic 
feature. There were many processes in which 
the second step was brought about by continuous 
flow. Other towns, not so large as London and Man- 
chester, had already adopted methods by which a 
continuous flow of sewage in continual contact with 
air was brought about. Amongst the largest were 
Salford and Accrington, where a continuous filtration 
processes were at work Other large towns had adopted 
and were working bacterial processes totally distinct 
from the one put forward that evening. In a 
recent report it had been shown that of 31 inland 
towns 22 had already adopted bacteriological methods 
of treatment. In addition to Salford and Ac- 
crington, which had adopted continuous filtration, 
Leeds, which had 17,000,000 gallons of sewage 


a day, had made a long series of experiments 
carried out under the direction of one of the mem- 
bers of the Royal Commission. The conclusion 
arrived at was that the first process described that 
evening gave good results, and the second process in 
which the solids were removed by a preliminary settling 
also gave good results, but the report went on to say 
that if a continuous process was used after the first 
change, very good results were obtained. So that Leeds 
and other large towns were inclined at the present 
moment to favour a continuous process for filtration 
as a final method of treatment. It must be remembered 
that they were inland towns, and that 22 out of 31 
had already pledged themselves to adopt or were 
already using bacteriological processes. London was 
very differently situated, being a sea-port, but although 
experiments had been made in Professor Clowes’s time 
and also in Mr. Dibdin’s time with the process, 
nothing had been decided upon. Amongst towns 
which discharged into tidal waters and into estuaries, 
four out of 46 were designing and carrying out 
scheme: for bacteriological treatment. Those towns 
were Chester, Swansea, Devonport, and Blackpool. 
Exeter also at first tried to discharge its crude 
sewage into the tidal portion of the river, 
but the Local Government Board stepped in 
and said, “No, you must go to the mouth of the 
river;’’? and, therefore, the original scheme at 
Exeter was not sanctioned by the Local Govern- 
ment Board, but the first bacterial scheme on the 
above dual bacterial lines was substituted, and is 
now nearly completed. Bristol and Liverpool were 
working in the same direction, and the Cardiff 
ratepayers at the present moment were agitating for a 
bacterial treatment of the sewage of that town, but 
we hear to-night that though London was one 
of the pioneer towns to experiment, it was still 
undecided as to whether it would adopt the 
method so ably put forward by Professor 
Clowes. He wished to say one word in conclusion 
in favour of the continuous process as against the 
contact process. Professor Clowes, in drawing 
attention to the experiments, said he used one filling 
a day, then two and three, and now four. As a 
matter of fact, four fillings a day would not be 
sanctioned for inland towns by the Local Govern- 
ment Board, which adhered rigidly to three. 
But if that progressive increase of filling and 
emptying was on the right line, why should not 
five, six, seven, or eight fillings be used per 
day ? in other words, a continuous process 
should give more satisfactory results than the 
one brought forward that evening. He quite 
agreed with the conclusions of Professor Clowes, 
that the method as put forward would be 
admirably adapted for the solution of the treatment 
of London sewage, and he hoped the London County 
Council, although the first authority in England to 
experiment in this direction would not be one of the 
last to adopt a bacterial solution of its sewage 
problem. 
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Dr. PERCY FRANKLAND, F.R.S., said that the 
room in which they met had frequently been 
the scene of discussions on the familiar question of 
sewage and its treatment, and many of the discus- 
sions had been extremely heated; but of all 
papers he had heard on the subject he had never 
known one in which the whole subject was 
dealt with in such a calm and judicial manner, 
with the absence of all hyperbole and exag- 
geration, as in that of Professor Clowes One thing 
he was particularly glad not to hear in the paper 
was that London sewage was different in any essential 
way from the sewage of other places. On a great 
many previous occasions it had been said that London 
sewage was something sus generis. It always 
appeared that anything connected with London was 
sul generis—gas and water for instance, and none of 
the rules which applied to those commodities in 
other places applied to them in the metropolis. 
Dr. Rideal had just said that London was uniquely 
situated with regard to sewage disposal. It had a 
large tidal river, into which enormous quantities 
of polluting matter could be discharged with- 
out doing much damage; but that had nothing 
to do with the character of the London sewage. 
London was uniquely situated as regarded sewage 
disposal, but there was nothing remarkable in London 
sewage itself, or in the methods of purification which 
were adopted. London was conveniently situated, 
inasmuch as it did not require to purify its sewage 
to the extent and with the degree of perfection which 
was necessary in other places. In that sense there 
was something suri generis in connection with London 
sewage, but not as some people had endeavoured to 
report, that there was something extraordinary con- 
nected with it. Professor Clowes had mentioned the 
various difficulties encountered in carrying on his 
important work at the London outfall. One of the 
principal difficulties had been the choking of the bac- 
terial beds. In many places where bacterial beds had 
been tried, complaints of their becoming choked up, 
gradually losing capacity, and finally ceasing to pass 
the liquid at all had been made; but when careful 
inquiry was made into the complaints it was, he 
believed, almost invariably found that too much had 
been expected of the bacterial beds. Experimenters 
had endeavoured to load the beds with sewage which 
had not even undergone clarification; the pits had 
been filled too frequently and not given sufficient 
time for rest. With a little suitable modification the 
beds had almost invariably been found to preserve 
their capacity, but in order that that state of affairs 
should be secured it was necessary that certain con- 
ditions should be fulfilled. First of all the sewage 
should be properly clarified and allowed to sediment 
in tanks, and that sedimentation might very con- 
veniently be supplemented by the septic action which 
went on in such tanks if they were worked in 
the proper way. If the sedimentation was sufficiently 
prolonged, septic action went on which led to the 
resolution of many of the suspended solid matters, 


thus enormously diminishing the amount of sludge 
which must ultimately be dealt with from those 
tanks. Sewage prepared in that way could be dealt 
with on bacterial beds with far greater success than 
raw sewage, for by using sedimentary sewage in that 
way not only was a uniform sewage secured through- 
out the twenty-four hours, but the suspended solids 
were got rid of, and the liquid was in a more suitable 
state for the oxygenation process. Another all- 
important part in connection with the choking of the 
beds was that a great many experimenters in con- 
structing such beds had thought they would be less 
likely to choke if the material were of coarse grain. They 
had supposed that a filter of fine grain would naturally 
choke up much more rapidly than a filter of coarse 
grain. As a matter of fact, within certain limits, the 
precise opposite was the case. But if a bed was 
constructed of finer materials a very large proportion 
of the residual suspended matter still present in the 
sedimentary and septically-prepared sewage collected 
on the surface of the beds, and could easily be 
scraped off without pulling the whole bed to 
pieces. Another very important point was that 
the purification was decidedly better in the bed of fine 
grain than in one of coarse grain. One of the 
most interesting points which Professor Clowes 
had brought out was the possibility of satisfactorily 
aérating a bed of such great depth as 13 feet. He 
believed that was one of the deepest bacterial beds 
yet constructed on anything more than an experi- 
mental scale. The notions which had prevailed as 
to the possibility of aerating beds were extraordinary. 
A friend of his, who was on the Royal Commission 
at present sitting on the subject of sewage purifica- 
tion, informed him that a bed of only a few feet or a 
few inches in depth could not be properly aérated. 
Dr. Clowes’s experiments conclusively proved that that 
was not the case. Even a bed of the exaggerated 
thickness of 13 feet in depth could be efficiently 
aérated if it could be properly drained. The effluents 
which Dr. Clowes had obtained in his [London 
experiments showed, as he understood, a purifi- 
cation of 69 per cent. on the raw sewage. He 
was particularly glad to see that Professor Clowes 
stated all his results, not on the raw sewage 
and the effluent respectively, but that he com- 
pared the efHuent with the raw sewage after it 
had been filtered. The suspended matter in 
sewage was quite an accidental quantity; it was 
very large one hour, and very much smaller the 
next. There was not the slightest difficulty in 
removing it by sedimentation or chemical precipita- 
tion. At Manchester, they had a sewage of some. 
what exceptional character to deal with. The 
sewage of Manchester contained a ve y large 
amount of manufacturing and at first 
sight it was considered by many very doubt- 
ful whether sewage of that chemical character could 
be dealt with by bacterial processes at all; in faet, 
most people who had attempted any experiments in 
that direction had come to the conclusion that it was 
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impossible to obtain any nitrification in such sewage. 
The result of their Manchester experiments was that 
if the sewage was allowed to undergo septic pre- 
paration in settling tanks and then passed on to 
bacterial contact beds, treating it by double contact, 
a considerable quantity of nitrates was obtained and the 
purification of the sewage was very complete indeed. 
The purification of the Manchester sewage could easily 
be carried to such a point by means of the 
bacterial system that the effluent was very much 
superior to the water of the Ship Canal itself, and 
they had undertaken not only to prevent the Man- 
chester sewage polluting the Ship Canal, but by 
means of the Manchester sewage, to improve the 
quality of the water of the Ship Canal. He had been 
led to experiment in the direction of the contact beds 
and the purification effected by them, as to whether 
it was necessary to give equal lengths of contact with 
both beds, or whether it was necessary to give the 
whole of the sewage double contact at all. The 
object at which they had uniformly aimed in 
Manchester was to obtain an effiuent which would 
be incapable of putrefaction. In order to obtain a 
liquid which was incapable of putrefaction he had 
found it was only necessary to give double contact to 
onc half of the sewage and single contact to the other 
half. The great advantage of the continuous sys- 
tem was that it required no supervision. He had 
recently seen an experimental plant at work in a 
small town, where the whole process required no sort 
of supervision at all, because the sewage simply 
passed from one bed to another bed, and from that 
bed to a third bed, and the result was exceedingly 
satisfactory. Of course, the system involved a large 
area, and would not be suitable for places in which it 
was difficult to obtain land. For instance, Man- 
chester had to deal with a sewage flow of from 
between 20 and 30 million gallons per day. By 
the system of double contact he calculated that the 
sewage could be disposed of effectually on 60 acres. 
The Local Government Board had insisted upon 9o 
acres being bought for the purpose, and even that 
was an extremely small area of land on which 
to deal with that enormous volume of sewage. 
Birmingham had a very similar flow. The Bir- 
mingham main drainage dealt with a population of 
about 725,000 persons, and the average sewage flow 
in dry weather was about 30 million gallons per day. 
In order to deal with that sewerage, the corporation 
was in possession of a farm with an area of about 
2,342 acres, and the purification of sewage was a 
cause of complaint all down the river into which the 
effluent of the farm was turned. The enormous 
advantage gained by the bacterial system was obvious. 
Instead of rendering a huge area, like that which 
Birmingham required, unsavoury and objectionable for 
miles around, the whole of that unpleasant process 
was concentrated in a very small area, and, therefore, 
the objectionable character of the work was reduced 
to a minimum. Mention had been made of the 
method about to be adopted at Leeds. No method 
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had yet- been adopted there, but exhaustive experi- 
ments had been made, and they were in favour of 
adopting a continuous system. The sewage of Leeds 
was certainly sus generis; it was exceedingly rich in 
iron ore. One manufacturer alone turned into 
the sewers per day salts of iron equivalent 
to five tons of metallic iron, so that it might be 
imagined what an immense quantity of that material 
was passing into the sewage. The great objection 
was that the iron deposited on the surfaces of the 
bacteria beds. Dr. Clowes had said that the public 
authorities were generally reluctant to use any money 
in purifying sewage. The reason was not because 
they were careless of health, but that the purifi- 
cation of the sewage of the town was really 
never of any benefit to the inhabitants of 
the town itself; it only affected the towns which 
were lower down the water-shed. 


Dr. SEATON said that as a ratepayer of London for 
some years, and having had a great deal to do with 
the administration of sanitary matters in the county 
of Surrey, he had for the last ten years had before 
him very conspicuously the points which Dr. 
Frankland referred to in his concluding remarks. 
Here was a body called the Thames Conservancy, 
mainly composed of Londoners, which had done its 
work excellently as regarded places round London. 
He could speak feelingly on the part of the Surrey 
ratepayers because they had had to spend very large 
sums of money. The late Sir Robert Rawlinson 
quoted £43 per head as the outside limit required for 
a sewerage system. His county had trebled that 
amount and something more. There were places in 
Surrey where sums of money had to be spent on sewer- 
age system amounting, as rates, to Is., Is. 6d. 2s., 
and even 2s. 6d. in the £. That was a very large 
sum indeed. The population of London had 
a considerable responsibility in the matter, and 
though a great deal of work had been done under 
the advice of Mr. Dibdin and Professor Clowes, the 
people in the counties looked to them to show how 
the sewage was to be perfectly purified. If the 
expenses incurred by London were contrasted with 
those in some of the districts in the Thames Valley 
it would be found that the amount spent in the large 
towns was very small in comparison. The problem 
which had to be solved by a large town was, practi- 
cally speaking, a simple one compared with that of 
scattered populations. The latter had very heavy 
expenses in laying long tracts of sewers to collect the 
liquid refuse of a scattered population, whereas the 
large towns were concentrated, and the problem was 
comparatively simple. 


Mr. DOUGLAS ARCHIBALD said he took issue 
with Professor Clowes as to the present chemical 
treatment of London sewage being a fair repre- 
sentation of what chemical treatment could be. 
He understood the amount used in the London 
sewage was about three grains to the gallon. 
Most of the authorities present knew the paper 
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of Mr. Carter Bell in which he showed by very ex- 
haustive experiments that the quality of the effluent 
produced varied in direct ratio up to a certain point 
with the amount of materials used. He would like to 
know from Professor Clowes how many grains to the 
gallon he considered chemical treatment. He did not 
think the effluent shown in the specimen was a fair proof 
of what chemical treatment could do. He knew of 
several chemical systems which produced effluents 
vastly better than Professor Clowes’s specimen, and, 
with due regard to what Professor Frankland had said, 
he still maintained that a proper chemical effluent could 
produce an oxygen figure better even than the one 
from the double bacterial treatment. Dr. Clowes had 
said that the filters were choked when the sewage was 
not settled, but that afterwards, when it was settled, 
a certain amount of material was diverted, and it was 
estimated that the choking would not occur so 
rapidly. He would like to know what the rate of 
choking was. In Dr. Clowes’s last report he gave it 
as *64 per cent. per week, from which it resulted that 
the filter would only last three years. He had taken 
an average of all the chokings of filters at Leeds, 
Manchester, and other places, and the duration 
of the filters at the rate at which they choked 
up was only one year nine months. Dr. Rideal 
suggested that continuous filters were better than 
contact beds, but he had noticed a very curious fact 
in the latest experiments, which would have to be 
taken into consideration—viz., that when continuous 
filters were used with very large pieces of coke the 
solids which would be contained in the ordinary con- 
tact beds were washed off, and passed right through 
into effluent, and then in order to get a decent effluent 
from that they had to be settled again, so that 
instead of having the settling tanks at one end of the 
system they must be at the other. The amount 
in either case seemed to be very similar. With 
regard to chemical effluent there was one very great 
advantage. No effluent from bacterial process or 
from septic tanks which he had seen yet had less 
than about 10 grains of suspended matter in it. 
Thus 10, 12, or 13 grains per gallon had to go on 
to the filters, and it sludged them up. Whether they 
had tanks to separate that, or whether the raw 
sewage was put on to the filters, there was a sludging 
up which could not be prevented; and though, to 
some extent, the bacterial action got rid of a certain 
amount it reached a stage both in the tanks and the 
filters in which it was irreducible by any known 
bacterial action. At present he thought it would: 
be wiser for London to go on with the system now 
in use, especially if instead of trying more experi- 
ments in bacterial filtration a real chemical treatment 
was undertaken and the preciptants chosen so that the 
solids deposited in the original tank, together with 
a considerable proportion of the valuable dissolved 
solids, recovered in such a form as to be utilised as 
fertilisers of the soil. 


Professor F. CLOWEs, in reply, said he was not in 


a position to give the information asked for by the 
Chairman as to the area of land, size of beds, and cost 
of the process. The matters were still under con- 
sideration, and he did not feel justified in publicly 
communicating the details. With regard to the 
methods of bacterial treatment referred to, what he 
had attempted to do was simply to tell the meeting 
what he knew from his personal experiments and 
observation. He had not attempted, therefore, to 
report hearsay or what he had read, although he bad 
read abundantly what had been done in other places. 
He had simply spoken of the work carmed on at 
their own out-falls for which he could personally 
vouch. He had made another rule in speaking 
—not to report failures, and that dispensed 
with the necessity of answering many of the re- 
marks made. He did not yet feel free to speak 
about the septic process from his own personal 
knowledge; possibly at some future time he might 
have something to say about it. With regard to the 
suggestion that an increase of chemicals should be 
tried, perhaps Mr. Archibald had made a reasonable 
statement. The process was not a chemical one in the 
sense in which Mr. Archibald used the term. Sufficient 
chemicals were used by the Council to hasten the pre- 
cipitation of the suspended matters and to make that 
precipitation somewhat more complete. It was 
not pretended that they added sufficient chemicals 
to remove the dissolved matters, but past experience 
seemed to show that such an attempt ended only in 
failure, and he should, therefore, be very loath 
indeed to advise the Council to extend the addi- 
tion of chemicals in the way suggested. Already 
the London County Council chemical bill was 
a large one, and if unpaid volunteers, such as the 
bacteria, were more efficient in their punfying 
result than was secured by a considerable addition 
of costly chemivals, they were certainly pursuing 
the right line to accept the kindly offices of those 
volunteers. An increase in the quantity of chemicals 
used would not only mean an increase in the chemica} 
bill, but also a very considerable increase in the 
carriage bill, owing to the increased amount of 
sludge produced. He was quite sure that by a 
proper study of the bacterial process the volunteer 
system could be more advantageously employed than 
by introducing a paid army to do the work. 


On the motion of the CHAIRMAN, a hearty vote of 
thanks was accorded to Professor Clowes, and the 
proceedings terminated. 


Miscellaneous. 
e S E 


EFFECT OF INCANDESCENT GASLIGHT 
ON PLANT GROWTH. 

Twenty years ago Sir William Siemens made a 
series of experiments on the influence of the electric 
light upon vegetation, a detailed description of which 
he read before the Royal Society on March 4, 1880 
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(see Journal, vol. 28, p. 357). A series of similar 
experiments with incandescent gas are described by 
Mr. J. J. Willis in a recent number of the Gardeners’ 
Chronicle. Mr. L. C. Corbett carried on his experi- 
ments in a greenhouse at the West Virginia station, 
during the years 1895 to 1899 with lettuce, radishes, 
spinach, tomatoes, sugar-beets, and seedling cabbage, 
mainly from an economic standpoint. Eight Welsbach 
incandescent burners were used in the experiments, and 
these were so alternated in position from time to time as 
to overcome local temperature and light differences. 

The experiments with lettuce involved twelve 
distinct crops and nearly 10,000 plants. Trans- 
planting the young plants from pots and using an 
artificial light only during the period the plant 
occupied the permanent greenhouse bench, were 
adopted after comparative trials as being the best 
method for the growing of lettuce on a commercial 
scale. The plants grown in artificial light were 
taller, heavier, grew faster, and matured quicker than 
plants grown from the same lot of seed under normal 
conditions. In one experiment 400 plants exposed to 
the stimulating influences of the artificial light for 
forty-six nights weighed 684 Ibs.; while a similar lot 
grown under normal conditions weighed 49} lbs., an 
increase in favour of the former of 38} per cent. 

Radishes were grown between the rows of lettuce, 
as is commonly practiced in commercial houses. The 
artificial light notably increased the development of 
the tops of the radishes, and slightly increased the 
size of the roots. The heliotropic effect of the in- 
candescent light was greater with radishes than 
with any of the other plants grown. The stimulating 
influence of the incandescent light, on the other hand, 
was greatest with spinach. It caused the production 
of seed shoots in the row to a distance of nearly 
8 feet from the light. Spinach-plants subject to the 
influence of the light, grew faster and completed their 
growth in less time than plants grown normally. 

The records of the yield, and the date of first bloom 
of tomatoes grown from seed and also from cuttings, 
show no increase in weight of the fruit grown in the 
light, though the blossoming period was from eight 
to eighteen days earlier, and the individual fruits 
were generally larger than when grown under normal 
conditions. 

With sugar-beets, the tops, sugar-content of the 
roots, and percentage of purity were considerably 
increased by the use of the incandescent gaslight. 
The largest and heaviest roots, however, were grown 
under normal conditions. 

The range of stimulating influence of the incan- 
descent light was somewhat variable for different 
crops. In general, the maximum growth was attained 
at 12 to 16 feet from the light, while a perceptible 
increase was noticed at 24 feet. The stimulating 
influence of the light as indicated by the growth of 
plants used in the various tests, is shown by the order 
in which the sorts are named, the first being the 
most susceptible : — Spinach, cabbage, radish, lettuce, 


tomatoes. 


continued until II a.m. 


In a study of the periodicity of plant-growth as 


modified by the influence of the artificial light, it was 
found that the most active period of growth of lettuce 


subject to the influence of the incandescent gaslight 


began at 11 p.m., and continued until 9 a.m.; while 
with the plants grown under normal conditions the 


most active period of growth began at 4 a.m., and 
In the first instance the 
period of growth was ten hours, and in the second, 
seven hours. In these experiments it is reported that 
no injurious effects resulted from the use of incandes- 
cent gaslight. 


Correspondence. 
es 


MALARIA AND MOSQUITOES. 


Since reading in the Journal of November 3rd the 
very interesting paper on this subject by Major Ross, 
it has occurred to me that experiments with nicotine 
might be made with the view of keeping away the 
mosquitoes from their present helpless victims, and 
so prevent the inoculation which is supposed to 
produce the fever. Every gardener knows the effect 
of nicotine upon insect life in a conservatory. From 
my own experiments I find it is not necessary 
to kill outright the green fly, &c., by contact, but 
that periodical syringing every eight or ten days 
with a very weak solution all over the conservatory is 
quite sufficient to keep the evil down. Insect life 
generally seems to have a great dislike to be even 
in the vicinity of this poison, and I should be much 
astonished to hear that it would not have a similar 
influence on the mosquito. The form of nicotine 
for use is that which is well known under the name 
of ‘“XL-All,” and the solution is made of 4 drams 
of it to one gallon of water. That quantity is 
sufficient when used as I have said for a conservatory 
of about 4,000 cubic feet. For the mosquito I would 
suggest that a stronger solution be used, say 8 drams 
to the gallon, and for the manner of applying— 
sprinkle a pint of this solution on an old bed-sheet, 
and hang up in the sleeping apartment before going 
to rest. The smaller the apartment the better, so 
that the smell of the nicotine and camphor, also 
contained in the “ XL-All,” may be very perceptible. 
Or the sheet might be put over the bed on a light 


wicker frame. 
JAMES DONALD. 
96, Anerley-park, Anerley, London, S.E., 
7th Dec., 1900. 


MEETINGS OF THE SOCIETY. 
ORDINARY MEETINGS. 
Wednesday evenings, at Eight o’clock :— 


DECEMBER 19.—“ The Siege of Ladysmith.” By 
W. T. Maun (special artist to the Graphic). 


56 JOURNAL OF THE SOCIETY OF ARTS. 


(December 14, 1900. 


Papers for meetings after Christmas :— 


“ Recent Inventions in Weaving Machinery.” By 
Pror. ROBERTS BEAUMONT. ` 

“ Multicolour Printing.” By ELMER Z. TAYLOR. 

“ The Synthesis of Indigo.” By PROF. RAPHAFL 
MELDOLA, F.R.S., 

“ School Work in Relation to Business.’ By 
SIR JOSHUA Firch, LL.D. 

“ Evolution of Form in English Silver Plate.” By 
Percy T. MACQUOID. 

“« Clocks, Carillons, 
JOHNSTON. 

“The Proposed High-Speed Electrical ‘ Mono- 
rail’ between Liverpool and Manchester.” By F. B. 
BEHR. 

‘‘ Photography of Natural Colours by the 
McDonough-Joly Process.” By H. SNOWDEN 
WARD. 

“The Outlook for the World’s Timber Supply.” 
By Dr. W. SCHLICH. 

“ Patent Law Reform.” 
SIEMENS. 

‘*Modem Artillery.” By LIEUTENANT ARTHUR 
TREVOR DAWSON, late R.N. 

“ Testing Distant Vision.” 
CARTER, F.R.C.S. 

‘“ The Commonweaith of Australia.” By the Hon. 
SIR JOHN ALEXANDER COCKBURN, K.C.M.G 

“ Cameos.” By CYRIL DAVENPORT. 

“ Some Examples of Romanesque Architecture in 
North Italy.” By HucH STANNUS, F.R.I.B.A. 


and Bells.” By A. A. 


By ALEXANDER 


By R. BRUDENELL 


CANTOR LECTURES. 

The following courses of Cantor lectures 
will be delivered on Monday evenings, at 8 
o'clock :— 

PROF. JOHN A. FLEMING, M,A., D.Sc., 

F.R.S., “ Electric Oscillations and Electric 

Waves.” Four Lectures. 


LECTURE IV.— DECEMBER 17. 

Electric Waves.—Hertz’s Discoveries—Production 
of Electric Waves— Experimental Study of their Pro. 
perties — Electro-optical Phenomena — Reflection, 
Refraction, Absorption, and Polarization of Electric 
Waves, and Apparatus for their Detection and 
Measurement. 


J. LIBERTY TADD, “ Elementary Art Educa- 
tion.” Four Lectures. 
January 14, 21, 28, February 4. 


MEETINGS FOR THE ENSUING WEEK. 


Monpay, Dec. 17..SOCIETY OF ARTS, John-street, 
Adelphi, W.C., 8 p.m. (Cantor Lectures.) Prof. 
John A. Fleming, ‘Electric Oscillations and 
Electric Waves.” (Lecture IV.) 
Impcrial Institute, South Kensington, S.W., 8} p.m. 
Dr. H. Benjaficld, “ Sunny Tasmania for English 


Invalids,’ to be read by the Hon. Sir Philip 
Oakley Fysh. 

British Architects, 9, Conduit-street, W., RA p.m. 
Mr. Beresford Pite, “Some Tendencies of the 
Modern School of Architecture.” 

Camera Club, Charing-cross-road, W.C., 8} p.m. 
Dr. W. H. Crosse, “ Life in Nigeria.” 

National Indian Association, Imperial Institute, 
S.W., 5 p.m. Mr. Nilkanth B. Wagle, “ Experi- 
ences in an English Glass Factory.” 

London Institution, Finsbury-circus, E.C., 5 p-m. 
Prof. Silvanus P. Thompson, “The Tercentenary 
of the Science of Electricity.” 

Tuespay, Dec. 18.—Civil Engineers, 25, Great George- 
street, S.W., 8p.m. 1. Discussions on papers by 
Mr. Alfred Weeks Szlumper, on “ The Signal- 
ling on the Waterloo and City Railway,” and 
“Note on the Signalling of Outlying Siding Con- 
nections,” and by Mr. Stephen Butler Cottrell, 
on “Signalling on the Liverpool Overhead Rail- 
way.” 2. Mr. Benjamin Hall Blyth, ‘‘ Glasgow 
Bridge.” 3. Mr. Walter James Doak, “ Railway 
Bridge over the Fitzroy River, at Rockhampton, 
Queensland.” 4. Mr. Leffert Lefferts Buck, “ The 
Niagara Falls and Clifton Steel Arch Bridge.” 

Statistical, 9, Adelphi-terrace, W.C., 5 p.m. Mr. 
Alexis Raffalovich, “The Statistical Results of 
the State Monopoly of Spirits, established in 
Russia in 1895, and its Influence on the Economic 
Development and Morality of the Population.” 

Pathological, 26, Hanover-square, W., 8} p.m. 

Photographic, 66, Russcll-square, W.C., 8 p.m. 
Mr. H. C. Shelley, “ Photography in War.” 

Zoological, 3, Hanover-square, W.,8} p.m. 1. Capt. 
Stanley S. Flower, “Notes on the Fauna of the 
White Nile and its Tributaries.” 2. Mr. W. Mal- 
colm Thomson, “ An account of a large Branchiate 
Polynoid from New Zealand” (Lepidonotus gigan- 
teus Kirk).’’ 3. Mr. H. M. Kyle, “A New Genus 
of Flat-fishes from New Zealand.” 

Wepyespay, Dec. 19...SOCIETY OF ARTS, John-street, 
Adelphi, W.C.,8 p.m. Mr. W. T. Maud, “The 
Siege of Ladysmith.”’ 

Meteorological, 70, Victoria-strect, S.W., 7} p.m. 
t. Mr. Henry Mellish, “The Seasonal Rainfall of 
the British Isles.” 2. Mr. Albert E. Watson, “A 
Review of Past Severe Winters in England, with 
Deductions therefrom.” 

Geological, Burlington-house, W., 8 p.m. 

Microscopical, 20, Hanover - square, W., 8 p.m. 
Demonstration of Lantern Projection in conjunc- 
tion with the Microscope, by Mr. Barton. 

Tuurspay, Dec. 20...Antiquaries, Burlington-house, W., 
84 p.m. 

Linnean, Burlington-house, W., 8 p.m. 1. Mr. 
Arnold T. Watson, “The Structure and Habits of 
the Ammocharide.” 2. Mr. W.T.H. Burkill,“ The 
Flora of Vavau, one of the Tonga islands.” 3. 
Professor E. B. Poulton, ‘‘ Warning Colours in 
Insects.” 

Chemical, Burlington-house, W., 8 p.m. Mr. J. W. 
Mellor, “ The Union of Hydrogen and Chlorine.” 

Electrical Engineers, 25, Great George-street, S.W., 
8 p.m. Lieut-Col. Crompton, ‘‘ The Electrical 
Engineers (R.E.) in South Africa.” 

Historical, St. Martin’s Town-hall, Charing-cross- 
road, W.C., 8} p.m. 

Numismatic, 22, Albemarle-street, W., 7 p.m. 


Fray, Dec. 21...Civil Engineers, 25, Great George- street, 
S.W.. 8 p.m. (Students’ Meeting.) Mr. C. E. 
Inglis, ‘‘ The Use of Geometrical Methods in Inves- 
tigating Mechanical Problems.” 
Quekett Microscopical Club, 20, Hanover-square, 
W.C., 8 p.m, 
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Notices. 
——_— 


CANTOR LECTURES. 


Prof. JOHN A. FLEMING, D.Sc., F.R.S., 
delivered the fourth and last lecture of his 
course, on ‘‘ Electric Oscillations and Electric 
Waves,’’ on Monday evening, 17th inst. 

On the motion of the CHAIRMAN (Sir 
Frederick Bramwell, Bart., D.C.L., F.R.S.), 
a cordial vote of thanks was passed to Dr. 
Fleming. 

The first lecture will be printed in the next 
number of the Fournal. 


JUVENILE LECTURES. 


The usual short course of lectures adapted 
for a juvenile audience will be given on 
Wednesday afternoons, January 2 and g, 1901, 
at 4.30 o’clock, by E. WALTER MAUNDER, 
F.R.A.S., Superintendent of the Solar Depart- 
ment, Greenwich Observatory, on ‘‘ Eclipses.” 

A sufficient number of tickets to fill the room 
will be issued to members in the order in which 
applications are received. Subject to this 
condition each member is entitled to a ticket 
admitting two children and an adult. 

The tickets for the lectures are now ready 
for issue. 


Proceedings of the Society. 


— ee 


FIFTH ORDINARY MEETING. 


Wednesday, December tgth, 1900; Sir 
STEUART COLVIN BAYLEY, K.C.S.I., C.LE., 
Vice-President of the Society, in the chair. 

The following candidates were proposed for 
election as members of the Society :— 


Bodilly, Reginald Thomas Hacker, Woodbury, 
South Woodford, Essex, 


Clarke, W. B., Haven-villa, Sevenoaks, Kent. 

Fagan, Patrick James, Hoshiarpur, Punjab, India. 

Mathuradas, Thakurdas, Surat, India. 

Murray, Echlin Francis, care of H. S. King and Co., 
65 Cornhill, E.C. 

Meyer, William Stevenson, United Service Club, 
Calcutta, India. 

Summers, Henry Robert, 14 Woburn-square, W.C. 

Talati, K. E., 75 Dhaboo-street, near Nul Bazar, 
Bombay, India. 


The following candidates were balloted for 
and duly elected members of the Society :— 


Amsden, Walter, 24, South 
Hampstead, N.W. 

Burn-Murdoch, Lieut.-Colonel John, Dharwar, India. 

Carr, Richard Eshott, Manriques 9, Córdoba, Spain. 

Ismay, Joseph Bruce, Sandheys, Mossley-hill, Liver- 
pool. 

Jackson, James Thomas, M.A., Ayuthia, Siam. 

Mabey, C. H., 39, Lewin-road, Streatham, S.W. 

Parrack, William T., Rochester-buildings, 
Leadenhall-street, E.C. 

Prince, James Perrott, M.D., Lurgan-mansicns, 
Lower Sloane-street, S.W., and Durban, Natal, 
South Africa. 

Smart, Alexander, 8, The Villas, Bexley-road, Erith, 
Kent. 

Todhunter, John, M.D., Orchardcroft, Bedford-park, 
W. 

Wood, Walter, 400, Chestnut-street, Philadelphia, 
U.S.A. 


Fairhazel-gardens, 


138, 


The paper read was— 


THE SIEGE OF LADYSMITH. 
By W. T. MauD. 
(Special artist to the Graphic.) 

Before entering upon the narrative of the 
siege of Ladysmith, I will give a brief sur- 
vey of the events that led up to it. The Boers 
presented their ultimatum on October 10, and 
crossed the Drakensburg and Biggersburg 
in great force on October 12. How great 
that force actually was we only learned some 
weeks after war was declared, for the in- 
formation upon this point supplied by the 
Intelligence Department was lamentably at 
fault. When one considers the great num- 
ber of loyal Englishmen, many of them men 
of the highest intelligence, resident in the 
Transvaal and Orange Free State, it seems 
extraordinary that the resources of those two 
States should have been so much under- 
estimated. This ignorance of our enemies was 
not confined to the Republics, but extended to 
our own colonies of the Cape and Natal, in both 
of which rebellion was rife. Before the war, 
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it was supposed that possibly 4,000 men might 
go over to the enemy, but, as we now know, 
more than four times that number took up arms 
againstus. And soit was that when Sir George 
White arrived at Ladysmith he found himself 
outnumbered in men and outclassed in artillery. 
His total effective force was 11,600, against 
which General Joubert brought from 21,000 
to 22,000. Prior to the actual outbreak of 
hostilities Sir George White was in favour of 
withdrawing the brigade that held Dundee, 
but from political reasons his objection was 
overruled, and the result was a disastrous 
victory for our troops at Talana Hill, their 
subsequent retreat to Ladysmith and the 
abandonment of our wounded to the enemy. 
General Sir William Penn Symons was in 
command on that occasion, and he fell, mortally 
wounded, during the final assault of the hill by 
the infantry. His death was an irreparable 
loss to the Empire, for he was a most gallant 
and capable General. His dispositions for the 
attack were perfectly made, and had he not 
been struck down in the middle of the fight 
it is certain that Lucas Meyer’s commando 
would have been shattered. TalJana-hill was 
brilliantly taken, but the blow delivered was not 
driven home, and the disordered Boers, abso- 
lutely at our mercy, saved themselves by the 
treacherous use of the white flag. Our retire- 
ment from this dearly-won hill-top, was so 
precipitate, that three guns abandened by the 
enemy were not brought away. Two days 
later General Yule decided to retreat on Lady- 
smith, and the wounded were left behind with 
the tents and stores of the whole force. We 
can only hope that the gallant General Symons, 
who lingered several days upon his death-bed, 
was not conscious of the fact that he was 
in the enemy’s hands, that the flag he fought 
and died for no longer floated above him. 
On the same day that Talana Hill was 
fought, Sir George White reconnoitred from 
Ladysmith, and found the Boers in force 
at Elandslaagte, and the following day we 
advanced to attack them, General French being 
ın supreme command. General Ian Hamilton 
directed the infantry, which consisted of half 
the Manchesters, five companies of the Gordons, 
and the 1st Devons. The Boers took up their 
position upon a rocky height about a mile 
south-east of the railway station. The ball 
was opened by the 21st and 42nd Field Bat- 
teries and the Natal Artillery, all of whom 
were compelled to come into action in the 
open where there was no cover from the 
epemy’s fire, but this fact—on this and many 


subsequent occasions—made not the slightest 


difference to our gunners, who fought their 


guns with perfect coolness and burst their 
shrapnel with telling effect along the top 
of the hill, The infantry then advanced to 
the assault, the Devons being on the left, the 
Imperial Light Horse in the centre, and the 
Gordons on the right. They all advanced in 
extended order, making short, sharp rushes, 
then lying down to fire, and up and on again, 
while our shells flew over their heads and the 
Boer bullets rained around them. A fierce 
thunderstorm burst upon the mountain at the 
moment of attack and added fury to the scene. 
Of the many officers who distinguished them- 
selves in the magnificent dash for the summit, 


| Colonel Scott Chisholme was the most con- 


spicuous. He commanded the Imperial Light 
Horse, a regiment of picked men from the 
Rand, and, I believe, the first Volunteer corps 
to be raised for the war. He determined that 
the regiment should be well blooded in this its 
first battle, and the splendid way in which 
the men followed him is ancient history 
now. He raced in front of them, waving a 
handkerchief and calling them on, and was 
killed half-way up the hill. When the last 
position was finally rushed by a mixed body of 
the Gordons, Imperial Light Horse, and 
Devons, only one living Boer—a wounded 
gunner—awaited them beside his dismounted 
field-piece. The remainder fled in disorder, 
and two squadrons of the sth Lancers and sth 
Dragoon Guards rode through and through 
them making fearful havoc with their lances. 
The laager, two guns taken in the Jameson 
Raid, and 200 prisoners, including General 
Koch and Commandant Shiel, were brought 
back to Ladysmith. Brilliant and complete 
though this victory was, it did nothing to stem 
the tide of invasion that swept the north of 
Natal, and the next day General Yule com- 
menced his retreat upon Ladysmith. This he 
accomplished in three days by forced marches 
and but for the battle of Reitfontein, which Sir 
George White fought on the 24th October, his 
force would hardly have escaped destruction. 
Reitfontein was a colourless affair, its only 
object being to engage the attention of the 
Boers, for, as Sir George White says, he went 
out ‘‘ not to drive the enemy out of any posi- 
tions, but to prevent his crossing the Newcastle 
Road from west to east, and so falling on 
Yule’s flank. For a brief interval the troops 
in Ladysmith had rest; but our scouts daily 
brought in reports of the arrival of fresh com- 
mandos, who pitched their laagers ever nearer 
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and nearer the town. On Monday, October 
30th, Sir George White, in an effort to save 
himself from being surrounded, marched out 
with his whole force and attacked the enemy’s 
main position on Pepworth Hill, 44 miles distant, 
where they had already got a ‘‘ Long Tom ” 
mounted. It was a disastrous day for the garri. 
son, for our casualties in killed, wounded, and 
prisoners amounted to 1,294, besides losing four 
guns of the roth Mountain Battery and two 
Maxims. The events of this day, which we call 
‘‘Mournful Monday,” opened our eyes to the 
fact that the enemy greatly outnumbered us 
in men, and that their artillery was vastly 
superior to our own. What staggered every- 
one about this battle was the loss of two fine 
battalions and a battery of guns at Nicholson’s 
Nek. A small force, numbering nearly 1,000 
men, was sent out on Sunday night to take up 
a position on the right flank of the enemy, and 
so protect the left flank of our attack. This 
departure was supposed to be a profound 
secret, but Ladysmith was full of spies, and 
when the column had reached a point in a 
narrow gorge, four miles from the town, they 
fell into an ambush. While marching 
silently along in the pitch darkness, a 
cascade of rocks suddenly crashed down the 
mountain sides. The rifle ammunition mules 
stampeded, broke from their leaders, and 
dashed back into the battery mules, and the 
whole column was thrown into confusion. It 
was then decided to advance no further, but 
to occupy the nearest hill and wait for day- 
light. This was done; the remaining hours 
of the night being spent in making ‘‘sangars.’’ 
When the cold grey dawn appeared, it was 
seen that the hill our men occupied was com- 
manded by higher ones, both in front and in 
rear. The position was hopeless from the first, 
but with their reserve of ammunition lost they 
gallantly maintained the unequal struggle from 
four in the morning until noon. The Boers, per- 
ceiving that the rear was quite unprotected, 
quickly reinforced in that direction, and poured 
in a murderous fire. With cartridge pouches 
empty, and the ground strewn with dead 
and wounded, for whom there was no shelter, 
either from bullets or the burning sun, there 
was no alternative but to raise the hated white 
flag, and all was over. What Sir George 
White said in his despatch with regard to this 
affair was perfectly true, ‘‘ No blame whatever 
attaches to the troops, as the position was 
untenable.” With regard to the main action 
around Lombard’s Kop and Pepworth Hill, it 
hardly needs description, for the catastrophe 


_ 


| doubtless 


to our left completely paralysed our action. 
Our left centre, from whence the next blow 
should have been delivered, never came into 
action, whereas our right, which rested on 
Lombard’s Kop, was almost overwhelmed. 
But for the able direction of General Hunter, 
who personally conducted the retirement, 
Colonel Grimwood’s brigade would have been 
cut to pieces. As it was, we returned to 
Ladysmith safely but very depressed, only 
to find that Long Tom had already com- 
menced to bombard the town with his 6-inch 
shells. Our only consolation was the fact 
that a naval detachment from H.M.S. 
Powerful had arrived with six long-range 
guns. The result of this battle was the 
complete isolation of Ladysmith, which took 
place three days later when General French 
narrowly escaped capture in the last train 
which got through to the South. 

We now come to the siege of Ladysmith, and 
I should like to say a few words upon the ques- 
tion of holding that place in preference to the 
line of the Tugela. Ladysmith stands at the 
junction of the Free State and Transvaal 
Railways, and is or rather was in direct com- 
munication with the two frontiers. This fact 
influenced the engineer officers 
sent out in 1897 to select a site for the 
Aldershot of South Africa, and in those 
days the idea of the Boers bringing 6-inch 
guns to bear upon it was not dreamed of. 
The hills from which we were bombarded 
would not have entered into the calcula- 
tions of experts at that time, for it must 
not be forgotten that this South African war 
has ushered in the era of long range fire for 
artillery and infantry. Not more than two 
years ago I was with the Malakand field force 
at the storming of the Tanga Pass, and the 
“ Buffs’? who supported the attack made 
effective practice at 1,400 yards with the Lee- 
Metford, which was considered to be a record 
performance at long range. The other day at 
Aldershot canvas targets put up to represent 
officers and infantry in column of companies 
at 2,900 yards were riddled with bullets, 
and yet the rifle and the ammunition was 
the same on both occasions. Apart from 
this consideration of long range, Ladysmith 
possessed many strategic advantages. In 
the first place the hills that we held formed 
a horse-shoe round the town, and could 
thus be readily reinforced at any point, 
while the open plain towards the south-east 
needed no defence whatever, for the Clip River 
ran right across it, and any advance of the 


bo JOURNAL OF THE SOCIETY OF ARTS, 


enemy in that direction would have been met 
by a cross rifle fire from either side of the horse- 
shoe. In the second place, we had an un- 
failing supply of water—poisonous though it 
was—and thirdly, when Sir George White 
arrived in Ladysmith, he found an immense 
accumulation of military stores, which he 
could never have brought away. The alternative 
of holding the Tugela would have been fatal, 
for the Boers crossed and recrossed it at their 
pleasure ; its mighty torrent formed absolutely 
no impediment to their marvellous mobility, 
and, in spite of the fact that a powerful force 
lay at Ladysmith in their rear and had to be 
contained, they were still able to penetrate as 
far south as Estcourt, cut off that place, and 
fight General Hildyard at Beacon Hill. Sir 
George White made no mistake when he 
decided to stand at Ladysmith, and I have 
the best authority for saying that Sir Redvers 
Buller concurred in that decision. 

With regard to the siege, I do not pretend 
to give a complete history of events that 
happened during the four months that it lasted, 
but to treat it simply from the personal point of 
view. Speaking generally, it was to me a 
period of the most depressing monotony, which 
was broken at intervals by events of absorb- 
ing interest. I think that everyone found 
the first few days of the siege the most 
trying to the nerves, for at that time 
no one knew what a bombardment really 
meant. What we did know was that the 
enemy could search every nook and corner of 
the camp. And we watched them building 
gun-pit after gun-pit on every commanding 
height, and wondered when they would begin 
to shoot. During this brief lull before the 
storm one had time to think over the situation, 
and the feeling of ignominy in our position was 
unbearable. Here was a splendid force of 
highly-trained soldiers sent out by the most 
powerful Sovereign in the world to correct a 
small State that denied her suzerainty, and 
within two weeks of the declaration of war it 
found itself shut up by an army of farmers, 
and scarcely able to strike a blow in self- 
defence. It presented itself as an immense 
target for its enemy who amused himself by 
shooting at it whenever he felt in the mood, 
with superior weapons and from an intangible 
position. By mere good luck and nothing 
else, a detachment of sailors with six long- 
range guns arrived in the nick of time, and 
gave us the means of hitting back occasionally 
at the enemy. 

We had six batteries of Royal Field Artillery 
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in Ladysmith, but, excepting one or two occa- 
sions, our gunners sat with folded arms beside 
their useless guns. The officers and men of 
the Royal Artillery are the finest soldiers and 
the finest marksmen in the world. They have 
proved it over and over again in this war, and 
it was nothing less than sinful that they should 
have been armed with a weapon which was 
obsolete four years ago. The Boers used their 
Schneider-Canet field-pieces to bombard the 
town, and our own, because of their short 
range, could make no reply to them. On 
Thursday, November 2nd, the siege began, 
Pepworth ‘‘Long Tom ” and other guns con- 
centrating their fire on the naval batteries, and 
in the first few minutes a big shell came 
through the embrasure, and hit Lieutenant 
Egerton in the legs, shattering them horribly. 
His courage was quite remarkable, for as they 
carried him away on a stretcher he coolly 
puffed at a cigar, and talked gaily of 
soon coming back to the battery. He lingered 
throughout the day, but towards midnight 
he peacefully passed away. His death 
was a great loss and deeply felt, for he was 
simply beloved by his men, and he was a most 
expert gunner. The next day General Brockle- 
hurst, with cavalry and artillery, made a re- 
connaisance along the Van Reenan’s Road, in 
order to cut off a convoy and capture a gun 
the Boers had just mounted on End Hill. Our 
batteries came into action in the middle of the 
Long Valley, and the little puffs of white 
smoke floating just above the hill showed how 
well the shrapnel was bursting. The Boer gun, 
apparently deserted, poked its nose over the 
rocks we were firing at, and less than a 
squadron of the Imperial Light Horse ad- 
vanced to the left, evidently bent on capturing 
it. Suddenly a rattle of rifle fire burst out 
along the kopje-top, and the Light Horse 
were seen to drop, one after another, down 
the slope. It was an anxious moment for 
every one who saw it, for they were evidently 
losing heavily. The 5th Dragoon Guards 
were at once ordered to advance and extricate 
them, which they did splendidly. They dashed 
forward with a broad front, and vanished over 
the brow of a grassy slope. Presently we 
heard the crackle of their carbines, and a little 
while later the Light Horse came in at full 
gallop and halted to the left of the guns. It 
was now the turn of the Dragoons to retire, 
and we waited while our gunners kept up a 
stream of shells over their heads. A cloud of 
dust curled loosely up from the valley, and 
then, one after another, they came into view, 


lec mbe” 21, 1900.) 


their horses’ hoofs drumming loudly upon the 
sun-baked earth, the whole a phantom picture 
of whirling dust, galloping horses, and khaki 
uniforms. The last to come in under shelter 
of the guns was Lieutenant The Hon. R. 
Pomeroy, and he brought on his back one of 
his own troopers whose horse had been shot at 
the moment of retiring. In the headlong 
rush for safety the young lieutenant saw 
what happened, halted, put the man on 
his horse behind him and galloped safely 
in under a shower of bullets, which spurted up 
little puffs of dust around him, and it was a 
splendid spectacle to witness. A brother officer 
of his, Lieutenant Norwood, gained the V.C. 
for doing exactly the same thing on ‘‘ Mourn- 
ful Monday.’’ In returning to Ladysmith from 
this action, it will show how exposed was our 
position when I say that, as the cavalry and 
guns approached their camp, they were 
observed by the Boers on Pepworth and Bul- 
wana, and shell after shell plunged down on 
either side of the road, but strange to say not 
one of them took effect. After this nothing 
particular happened for a week beyond a daily 
ration of shells from Long Tom, and we 
gradually grew callous to the fact that at any 
moment our house might be blown to pieces, 
but I must confess to having never overcome a 
feeling of nervousness when taking my 
morning bath. While sitting naked in the 
water the sense of helplessness and exposure 
was really painful. At dawn on November gth 
we were awakened by a terrific bombardment 
of big guns and the crackle of rifle fire all 
round the positions, and it was evident that the 
general assault for which we had been preparing 
had come at last, 

Cezsar’s Camp was the first point to be 
seriously menaced. This position had caused 
Headquarters more anxiety than any other, 
because it was so terribly exposed to the 
enemy’s artillery, which bore upon it from 
Bulwana on the left near to Telegraph Hill 
on the right. The Manchesters and the 42nd 
Field Battery were well protected by earth- 
works, so that when '‘ Puffing Billy,” ‘‘ Piffling 
Jimmy,” ‘‘ Pom Pom,” and all the other guns 
began to pump shell and shrapnell over them 
only one or two people were hurt, and our men 
were able to use their rifles with great effect ; 
in fact, our fire was so good that the Boers 
simply could not face it, and in forty minutes 
gave up the attack as a bad job. Exactly the 
same thing happened on the north of Lady- 
smith, held by the Rifle Brigade, and on the 
east, held by the Liverpools and Devons. 
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Knowing the enormous strength in men and 
guns that the enemy brought against us that 
day, everyone was very surprised at the feeble 
effort they made, and the finale arrived at mid- 
day when the sailors fired a shotted salute of 
21 guns in honour of the Prince of Wales’s 
birthday. The ease with which this attack 
was repelled led the garrison to underestimate 
the power of the Boers, a fault for which we 
paid very dearly on January 6th. 

As there was no means of sheltering our 
wounded and non-combatant population, Sir 
George White sent a letter to General Joubert, 
asking that they might go down to Pieter- 
maritzburg. Joubert refused this request but 
gave permission to form a Red Cross and 
Refugee camp within his own lines, which 
should be neutral ground. As far as I know 
it was the first time in the history of war that 
such a concession was made to a beleagured 
force, and the fact reflects honour upon the 
gallant old Boer. The camp was duly formed 
at Intombi, four miles from Ladysmith, and 
one train, flying the Red Cross, was allowed 
to go down to it in the morning with sick, 
wounded, and supplies, and return before 
dark. The enemy adhered honourably to the 
compact throughout the siege, and although 
the railway station was a favourite mark for 
their guns, when once the train emerged from 
the town it was safe. 

It has been said that the naval guns saved 
Ladysmith, but that is a statement I cannot 
accept, for it implies that without them Lady- 
smith would have fallen. I will readily admit 
that the moral effect of their fire was very 
great, and on Sundays, which were generally 
non-shooting days, it did us all good to see 
the men marching down to the Klip River to 
bathe, dressed in their blue serge and yellow 
straw hats, as spick and span as when they 
landed from the Powerful. But their shoot- 
ing was a disappointment to everyone. They 
said that the extemporised gun - carriages 
upon which the 12-pounders were mounted 
were too light, and made the guns jump, and 
that the platforms for the 4°7-inch guns which 
were built by the engineers were unsteady. The 
changes of temperature were supposed to effect 
the ranging power of cordite, and doubtless 
accounted for many of the shells going so 
wide of their mark. Be that as it may, there was 
great rejoicing in the camp when it was known 
that after 31 days of shooting at Pepworth 
“ Long Tom,’’ the forward 4°7-inch gun 
had hit it on the muzzle, and it had been 
dragged away from Pepworth Hill a hopeless 
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wreck, under cover of the smoke of a grass fire 
which the Boers lit forthe purpose. Shortly after 
this we woke up one morning to find that the 
Imperial Light Horse had once more covered 
themselves with glory, by starting out of Lady- 
smith during the night and capturing the 
enemy’s position on Lombard’s Kop. The 
enterprise was kept a profound secret, even 
from the correspondents. One of my col- 
leagues, indeed, fell in with the storming party 
as it left the town, but he was recognised and 
detained in the guard-room of the ‘‘ Devons ”’ 
until morning. Major Henderson, one of the 
Intelligence Officers, with his local guides, led 
the expedition over four miles of broken 
country in the pitch darkness, and brought the 
Light Horsemen to within twenty yards of the 
gun, without making the slightest mistake. 
The result was the capture and destruction of 
a “Long Tom,” a “Silent Susan ” (a 5-inch 
high-velocity gun), and a Maxim, with only 
two men slightly wounded, Major Henderson 
being one of them. The early days of 
December had passed, but from messages 
received from time to time, we knew that 
General Buller was massing his troops at 
Estcourt, and we confidently awaited the 
arrival of his force before Christmas. On the 
15th of tat month we heard the booming of 
his cannon at Colenso, and the next day the 
news of his defeat. I cannot say that any 
depression over this disaster made itself felt in 
the garrison, though we were naturally dis- 
appointed, for football, polo, cricket, and 
sports went on whenever opportunity offered, 
which was generally on Sunday, a day of rest 
strictly observed by the Boers. 

About this time, my dear friend, George 
Steevens, conceived the happy idea of starting 
a newspaper, called the ‘‘ Ladysmith Lyre,” 
which duly appeared, and had a tremendous 
success. When, a month later, this splendid 
man was taken away from us by enteric fever, 
the paper, of which he was the life and soul, 
died with him. The paper was entirely comic, 
its object being to keep up the spirits of the 
garrison, and that it in a great measure 
fulfilled this imperial purpose there can be no 
doubt. George Steevens was buried at mid- 
night, for funerals by day were impossible, and 
mourners carried him to his grave with the 
glare of the Boer searchlight upon him. 

Disease was very busy amongst us then, for 
the men were beginning to feel the want of 
food, which was given out in smaller and 
smaller quantities, and they were getting weak. 
Colonel Ward, the chief commissariat officer, 


was the man who fed us, and it was largely 
due to his foresight and sound judgment that 
the garrison was not starved into surrendering. 
He was never carried away by false hopes of 
relief, and early in the siege began to reduce 
the rations. Sir George White, in speaking of 
Colonel Ward, said that ‘‘ he was the greatest 
commissariat officer since the time of Moses.” 
And the remark was fully justified. 

We now come to the grand and final attack 
of the Boers upon Ladysmith on January 6, a 
day never to be forgotten in the history of the 
British army. At dawn, when my servant 
“ Georges” awoke me with the words, ‘‘ They 
are fighting hard all round, sir,” the artillery 
was pounding away on every side, and the 
short, sharp snap of rifle fire was persistent, 
and spoke more eloquently than he. It 
sounded so close, too, that one might think 
the Boers were already in the town. A 
mounted orderly passed by galloping hard in 
the direction of the General’s headquarters. 
Little groups of civilians stood at the street 
corners, looking this way and that, and talking 
excitedly, but no one knew what was going on. 
Some mules, with boxes of ammunition on 
their backs, were being hurried along towards 
the iron bridge. The boom of field artillery 
rolled like thunder overhead, and at brief 
intervals the familiar roar of a Long Tom 
shell drowned every other sound. An infantry 
battalion came into view, swinging along in 
a cloud of dust—black belts and pouches 
were conspicuous: it was the Rifle Brigade. 
An old Soudan acquaintance of mine marched 
in front of the leading company: ‘‘ Where 
to?’ I asked. ‘‘Czsar’s Camp,’’ was the 
brief, but sufficient reply. 

Evidently there was the critical point, and the 
Rifle Brigade had been sent to reinforce it. 
There was no time to be lost, so I pushed my 
horse into a canter and went ahead of them. 
I threw a passing glance at the gunners’ 
camping ground, but it was deserted—the 
53rd and 2ist Batteries were gone. The 
Gordons’ tents lay just beyond, and a doolie 
was being carried out from amongst them 
by four turbaned Indians. They came along 
with that wonderful gait that is all their own, 
half shuffle half run, the knees ever bent. A 
surgeon followed them, looking grave, and I 
leaned from the saddle to ask him who it was. 
‘Colonel Dick Cunyngham,’’ he said, and 
in response to a look, added, in a low voice, 
‘‘ dangerously wounded.’’ This was appalling 
news. Barely a fortnight previously I had 
seen this gallant officer—his wounded arm 
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still in a sling—return to his command amid 
the music of the pipes and the ringing cheers 
of the whole battalion drawn up to welcome 
him. The doolie and its burden were borne 
away to the hospital, and I rode over the iron 
bridge. There are several ways of going up to 
Czsar’s Camp, and I chose the one that 
seemed to me the safest. It wasa mere cattle- 
track that led through some broken and bush- 
covered ground, in which the balloon and a 
little camp of Engineers had lain hidden since 
the first days of the siege. From there to the 
crest of the ridge the ascent was steep and 
the path zig-zagged through a wilderness of 
iron-stone rocks. Half a company of Gordon 
Highlanders had wedged themselves in among 
some big boulders to the right of the path, but 
I had scarcely glanced at them when a 
bullet hissed overhead, and a moment later hit 
a stone with a loud crack. We have all 
learned something about long range fire since 
the war began, but these bullets fairly 
astonished me, for I was still more than 
a mile from our advanced post on Wagon 
Hill. My horse was a grey, and it 
occurred to me that he might be a mark 
for some sniping Boer, so I dismounted 
and led him back into the sheltered side 
of the hill, and tied him to a tree. Then Ire- 
turned and lay down behind some rocks to 
reconnoitre the position with field glasses. 
Away on my right towards Range Post, the 5th 
Dragoon Guards, dismounted, were holding a 
small eminence on this side of the Van Reenen’s 
Road. Nearer in, the guns of the 21st Field 
Battery were unlimbered, and the gunners were 
serving them rapidly. One after another their 
shells burst over the wooded slopes of Mounted 
Infantry Hill. Now and again I saw a Boer 
dart across an open bit of ground and hide 
behind a tree; but they are wonderful people 
for cover, and it was impossible to say how 
many there might be. One of their ambulance 
waggons came up the Long Valley, and out- 
spanned in a donga near their position. It 
was satisfactory to see that dead or wounded 
men were already being carried down to it 
and laid in the shadow of a tree hard by. 
My next field of observation was Wagon Point, 
a lower spur of Wagon Hill, and joined to it 
by a “nek.” 

Here a wonderful spectacle presented itself. 
At the extreme south-western limit, nearest to 
the Boer positions, there are two emplace- 
ments only a few yards apart, one for the naval 
4°7 gun, the other fora 12-pounder. In these and 
among the rocks around, our men were lying 


down and firing heavily. Along the crest of 


the hill two waggons and teams of oxen stood 


silhouetted against the sky, quite motionless. 
There was no one near them and the animals 
grazed tranquilly while bursting shells swept 
the hill-top and the noise of the rifles was like 
the roar of a forest fire. At the foot of the hill 
immediately below the howitzer battery, a 
third waggon was drawn up with the 4°7 gun 
upon it ; but there were no oxen attached to it, 
and their drivers had gone, like the rest. 
What did it all mean? Had the Boers 
captured the position ? The whole thing was 
an enigma to me. I got up and walked 
across the open ground towards Wagon Hill 
in search of information. An ambulance 
cart drawn by four mules came slowly 


towards me, threading its way between the 


thorn bushes that grow sparsely around 
the foot of the hill. It was full of wounded 
men being taken into Ladysmith and the Red 
Cross fluttered above them, but this did not 
deter the enemy’s gunners on Rifleman’s 
Ridge. A shrapnel shell flew over the cart 
with a cruel hiss and burst in the air lashing 
the rocks into splinters. Fortunately the fuse 
had been just a little overtimed so nobody was 
injured. Now and again asI walked along 
Mauser bullets struck the ground with a 
scarcely perceptible thud, and little puffs of 
dust rose here and there above the grass. 
Insignificant enough they were to look 
at, the eye hardly caught them ere they 
vanished, but they made me sweat, never- 
theless; a ‘‘Long Tom ” shell is prefer- 
able. Once upon the slopes of Wagon Hill 
there was good cover from the enemy’s bullets 
if one kept below the skyline. I crept along 
a footpath to the shoulder of the hill, and 
gained from thence an excellent view of 
the ‘‘nek’’ and Wagon Point. There stood 
the waggon and its team of oxen exactly 
as I had first seen them; they had not 
moved an inch from their position. Four 
of them were lying on the ground apparently 
dead. The second waggon, with the gun- 
platform upon it, was still under the trees close 
to the earthwork. A field-gun lay on the 
“nek” above the howitzer battery, dis- 
mantled and abandoned. Nota sign of life 
was visible ; nothing moved upon the hill-top ; 
it appeared to be deserted. The combat was 
over for the present ; it had raged since three 
in the morning. Therap, rap, rap, of rifles 
ended, the booming of big guns intermittent. 
The fierce rays of the mid-day sun beat down 
upon red rocks, which trembled under vapoury 
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waves of heat. A dark object that was neither 
a rock nor a shadow caught my eye on the flat 
hill-top. It was the kilt of a Highlander, who 
lay stretched on his back, the face upturned 
to the sky, the rifle beyond his reach—he was 
dead. Beyond him were two others, crouched 
behind stones, but so still they lay it was hard 
to tell if they lived or not. Further away to 
the right were more of them, mixed up with men 
of the both Rifles. Around and in front of the 
gun-pit the curly-brimmed hats of the Imperial 
Light Horse pressed amongst the rocks, and 
a company of Sappers held the point of the 
hill. They were quietly eating their lunch. 
Suddenly and without the slightest warning 
a number of Boers appeared upon the crest; 
they seemed to rise out of the earth. A hail- 
storm of bullets burst upon our men; the 
enemy rushed up over the ‘‘nek,’’ firing the 
while. Ere one had time to realise what had 
happened the Sixtieth and the Gordons jumped 
up and ran to get cover among the rocks on our 
side of the hill. General lan Hamilton, Major 
Miller-Walnutt, and Lieutenant FitzGerald, 
who were sitting together under the shade of 
a tarpaulin, sprang out as the men passed and 
called to them to ‘‘halt.’’ The greater part 
obeyed, but some went on down the hill. Those 
who rallied to the call, turned, and charged 
back to their position, led by Major Miller- 
Wallnutt ; the abandoned ground was retaken, 
but this brave officer lay dead upon it, 
shot by a Boer at point blank range. 
Realising at once how critical the posi- 
tion had become, Gencral Hamilton shouted 
to the 18th Hussars, who were lying in support 
at the bottom of the hill, to come up. This they 
did in a splendid way, scrambling and leaping 
over the rocks, and they brought back with 
them the men who had run away. Meanwhile 
the Imperial Horse held their ground most 
gallantly ; they never gave way for a moment, 
although the Boers were within a few yards of 
them. Help was brought to them in the 
moment of their need by Lieutenant Digby- 
Jones, R.E., and a handful of Royal Engineers, 
who flung themselves into the broken ground 
and filled up the dangerous gap. The young 
Sapper officer fell in the first few yards of the 
tush mortally wounded. But the hill was 
saved, the enemy’s charge had failed, those 
that were left of them vanished as quickly as 
they came. Nothing, however, could exceed 
the valour of their attack; it was simply 
desperate. They came up to the very muzzles of 
our rifles—only death itself stopped them. The 
fighting on the hill-top was literally hand to 
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hand. Ian Hamilton exchanged a shot with 
the Boer commander, De Villiers, from oppo- 
site sides of the gun pit. De Villiers was 
killed immediately afterwards by young 
Albrecht, of the Light Horse. It is probably 
a unique occurrence in modern warfare for the 
rival generals to come to such close quarters. 
When it was all over a message was sent 
down to headquarters, to inform General 
White that the hill and the naval gun were 
safe. I suppose they were ‘‘safe’’ from a 
strategic point of view, but the long range 
fire from the enemy on Mounted Infantry Hill 
was so tremendous that nobody could stand 
upon his feet. Even the dead and wounded 
had to be left exactly where they fell. Several 
men were hit in attempting to crawl out to 
them and bring them under cover. Nothing 
cculd be done until darkness fell upon the 
scene, and doubtless it was during those ter- 
rible hours of waiting that many wounded men 
slowly bled to death. It was about half-past 
three in the afternoon, the main attack had 
failed, but the hateful ‘‘tss’’ ‘“‘tss’’ of flying 
bullets was persistent as ever. I crawled on 
hands and knees round a point and got behind 
the hill where two companies of the Sixtieth 
were lying in reserve, and then made my way 
back to where my pony was tied up. There 
were two artillery horses lying by the spruit 
dead, and stripped of their harness. The 
21st Battery and the sth Dragoon Guards 
were still on the ledge of rocks, but the 
guns were silent, a most satisfactory sign. 
I fell in with Major Long, R.A., who was 
hunting for transport conductors to take out 
oxen to Wagon Point and bring in the naval 
gun ; the General had decided to have 
it back in Ladysmith. As I passed the 
Gordon’s camp the warning cry ‘‘ Long 
Tom! Long Tom!’’ came from the old 
Hindoo, who sits all day perched upon a 
heap of sacks watching for the gun-flash on 
Bulwana Mountain. The shell did not come 
his way this time; it burst with a loud re- 
port at the other end of the town. Tea was 
ready when I got home, and a delicious drink 
it was after so many hours of heat and fierce 
excitement. 

Steevens—my colleague of the Daily Mail— 
was ill in bed with enteric, bnt he was keen to 
know the cause of all the firing, so I com- 
menced a brief account of the day’s pro- 
ceedings. While we were talking, the sunlight 
faded suddenly away; an unearthly darkness 
settled down over all, and then an awful clap 
of thunder shook the house to its foundations. 
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The wildest storm I ever saw in my life burst 
upon us. Flashes of forked lightning darted 
in all directions. They wriggled like snakes 
among the clouds; they chased each other 
from the sky, to the earth and back again. 
Peals of deafening thunder rolled incessantly 
overhead, and monstrous hailstones roared 
upon the iron roof. During a brief lull that 
followed I fancied I heard rifle fire. Was such 
a thing possible! Could men fight in such a 
storm as this? I went out on to the verandah 
and listened. Yes, there was no doubt about 
it, they were at it again, and more furiously 
than ever. I got a macintosh and hurried out 
into the road. A road it had been not a quarter 
of an hour ago, but now it was the bed of a 
broad river. The water came upto my knees. 
I waded through it and reached the old cavalry 
camp, which looked like a lake with trees 
growing in the middle of it. Bulwana was 
blotted out; the guns up there, at any rate, 
were silenced by the tempest. Czsar’s Camp 
loomed dark and gloomy in front of me. A 
line of fire—rifle fire—spurted along the crest 
of the ridge and down the slope, even to the 
foot of the mountain. It was comforting to 
know that the hail and rain was driving upon 
our men’s backs and into the faces of the foe. 
During such intense moments as these time 
flies by unheeded, the hours pass like minutes. 
We were evidently holding our ground all 
right ; indeed the firing line advanced slowly 
and surely, and here and there it went out of 
sight over the ridge. When Major Dawkins’s 
battery (the 13th) came splashing and plunging 
past me, the water washed the drooping 
muzzles of the guns. They had been brought 
up ready to cover the retirement of the 
53td, which was still holding its ground out in 
the plain beyond. A wonderful picture the 
battery made standing in the rushing water. 
The officers and men were wrapped in their 
long blue cloaks, and they sat motionless on 
their powerful horses, waiting for the bugle- 
call. Thank God! it never came that night. 
There was no need to unlimber the guns; no 
need for the gunners to shoot. But the sight 
of them sitting thus, ready to come into action 
in the streets of Ladysmith, brought home to 
one the desperate nature of our position if the 
Boers once drove us off Czsar’s Camp. That 
contingency, however, no longer hung in the 
balance. They had been driven back all along 
the line, after sixteen and a half hours’ of 
desperate fighting. The final and crushing 
blow was delivered when the Devons made 
their brilliant charge and swept all before 
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them at the bayonet’s point. Then, and not 
till then, the din of battle ended. The roar of 
artillery and infantry fire ceased; darkness 
and silence reigned supreme. 

The repulse of this attack strained the 
garrison to the utmost, and left yawning rents 
in its armour of defence. To fill the places of 
those who had gone, officers’ servants and all 
prisoners charged with petty offences were 
liberated and sent into the trenches. I offered 
my services as a volunteer, was accepted, and 
General Ian Hamilton made me his A.D.C. 
For the remainder of the siege I lived on 
Czsar’s Camp, my chief duty being to watch 
and report movements of the enemy, and build 
‘‘sangars’’ and other defences. In this 
capacity I was brought into closer contact 
with Mr. Thomas Atkins, and I was able to 
observe more closely the splendid qualities 
that he displayed under the most trying cir- 
cumstances, He had nothing but chevril 
(horse-soup) to drink, and nothing but horse- 
meat to eat, he had no bread, no vegetables, 
no drink, and no tobacco, but he never com- 
plained, and he did his duty nobly on all 
occasions. Two nights out of three he stood 
on duty in the trenches, and even he shortened 
his belt by another hole. His khaki clothes 
were black and brittle, they hung in shreds 
upon his gaunt frame, but there was always a 
grim set of his mouth and a gleam in his eye 
that boded no good for a Boer. It was in this 
desperate condition that relief finally came to us. 
I believe there was enough food to hold out for 
three weeks longer, but the garrison was so 
emaciated with hunger that I doubt if it could 
have fought through another day like January 
6th. The enemy was then too soundly beaten 
to take us on again, and so it was that after 
many days of anxiously watching the lyddite 
shells of Buller’s guns bursting on Grobelaar’s 
Kloof, we at length saw his advanced cavalry 
come over the hill above Peter’s Station, and 
the Boer army trekking to the northward. 
After so many bitter disappointments we could 
hardly realise the fact that the end had come 
at last, but when we saw the new comers 
galloping their horses towards us—we had 
forgotten what it was to see a horse gallop— 
then we stood up and cheered, feebly perhaps, 
but with a will unknown before. The drama 
closed two days later, when General Buller led 
his victorious army past Sir George White and 
his staff assembled in front of the Town Hall 
of Ladysmith. I have not language that can 
at all describe that army, it was so magnificent 
Being too weak to stand, we sat on either side 
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of the street and watched this splendid army 
stride past us in the glory of its strength. We 
caught and put carefully into our pockets the 
cake tobacco that it tossed to us, now a 
precious souvenir of the siege of Ladysmith. 


The CHAIRMAN moved a hearty vote of thanks to 
Mr. Maud for his interesting, vivid, and pathetic 
address, which was carried unanimously. 


Miscellaneous. 


— 


BELGIAN VICINAL RAILWAYS. 


The total length of the ror lines conceded to the 
Société Nationale des Chemins de fer Vicinaux at 
the end of last year was 2,300°37 kilometres (1,430 
miles), of which 81 lines, or sections of lines, 
together 1,743'44 kilometres (1,083 miles), were 
opened for traffic, and the remaining 20 are either 
under construction or will be very shortly. During 
the present year concessions have been granted, 
chiefly for extensions, bringing up the total length to 
2,365°46 kilometres (1,470 miles) for 102 lines con- 
ceded, and giving an average of 3°55 kilometres 
(2 miles) for every 10,000 inhabitants. As regards 
gauge, 88 lines, together 1,958°51 kilometres, are laid 
to that of I metre (3 ft. 3% in.); 11 lines, together 
38419 kilometres, to that of 1°067 metres (3ft. 6 in.), 
which is the gauge of the Dutch vicinal railways, and 
three lines, together 22°76 kilometres, to the standard 
gauge of 1°435 metre (4 ft. 84 in.), 

Of the 81 lines open for traffic 78, together 1,707°25 
kilometres (1,061 miles) long, are worked by steam 
locomotives ; and one, an urban section 5:06 kilo- 
metres (3 miles) long, by horse haulage, while the 
two remaining are worked by electric traction on the 
overhead trolley system. Electric traction is also in 
course of substitution for that by steam locomotives 
on the group of lines round Charleroi. The line 
from Liége to Tilleur, with a branch to Grâce- 
Berleur, and the section from Liége to Sainte- 
Walburge, with branch to Vottem, of the Liége and 
Vihogne vicinal railway, are also equipped for electric 
traction. 

In addition to the above, which have been made 
under the auspices of the Société Nationale, seven 
other light lines, together 69:2 kilometres (43 miles) 
long, are conceded to various companies, thus bring- 
ing up the total number of economical lines in 
Belgium to 109, having a total length of 2,435 kilo- 
metres (1,513 miles). Compared with this length 
that of normal railways is 4,554 kilometres (2,830 
miles) so that the former attain to 52 per cent. of 
the latter. 

The total amount of capital for 104 of the lines now 
reaches 121,911,000 francs (£4,876,440), of which 
33°4 per cent. is subscribed by the State and 28-1 


per cent. by the Provinces, while 36°1 per cent. is 
contributed by the communes and 2'4 per cent. by 
companies or persons interested in their success, these 
proportions however varying within certain defined 
limits for each individual line. 

Of the total length opened at the end of last year, 
viz., 1,946°329 kilometres, 1,181°175 kilometres of 
principal line are laid on ordinary roads not widened, 
108°507 kilometres on widened roads, and 393°943 
kilometres on land specially acquired for the pur- 
pose. During last year six new communications 
were afforded between vicinal lines and normal 
railways, including 78 with the Etat Belge; and 
18 private sidings were made, bringing up the total 
number to 197, including 56 to farms and 140 to 
works with one military siding, together 85°07 kilo- 
metres (53 miles) long. 

Although the number of train-kilometres—say train- 
miles—increased by 3°98 per cent. last year, there 
was practically no increase in the number of personal 
accidents, which are generally due to an attempt to 
cross the line in front of a train, to enter or leave a 
train in motion, to deafness, drunkenness, or suicide. 
Of the 37 fatalities last year, four are attributed to the 
imprudence of passengers; 30 occurred to persons 
neither passengers nor connected with the lines, and 
three railway servants were killed, one in shunting, and 
one by falling between two carriages. 

The general administrative expenses of the Society 
remain practically the same as in former years; 
having been 3°778 per cent. last year (against 3°765 
per cent. in 1898) of the total amount expended in 
making and stocking the various lines. 

Out of the 79 lines open for traffic, 50 gave better 
results during 1899 than in 1898, 49 paid a higher 
dividend, and one made a greater profit, which is 
applied towards clearing off former losses; and the 
special account of loss on working became reduced 
from 51,067 fr. 46 c. to 43,581 fr. 11c. (£1,743 48. 10d.). 
At the same time the general reserve fund and the 
sum of individual reserve funds, for meeting such 
losses in future, were increased from 589,669 fr. 66 c. 
to 736,765 fr. 2 c. (£29,471), and from 884, 504 fr. 93 c. 
to 1,103,560 fr. 60 c. (£44,142 8s.) respectively. Out 
of the 75 lines that have been worked for more than a 
year, 39 pay a dividend greater than the “ annuity,”’ 
or guaranteed percentage, so that the shareholders 
receive a second dividend; five a dividend of more 
than 3 per cent.: eleven one of more than 2% per 
cent.; and 10 more than 2 per cent. 


VOCATIONS OF WOMEN IN GERMANY. 


In the census of June 14, 1895, the tota] number 
of females in Germany was returned at 26,361,123. 
Of these, inclusive of domestic servants, there were 
6,578,850 earning wages, t.e., 24°96 per cent. of the 
entire female population. If the age of 10 to 70 is 
calculated only, and the young children and aged 
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women are excluded, 34:1 per cent. females are | her rights if she became the proprietor of a drug store 
engaged in work, as against 38°3 per cent. in | by inheritance. 


Switzerland, 64°1 per cent. in Austria, 50 per cent. in 
Italy, 36°4 per cent. in the United Kingdom, and 17°5 
per cent. in the United States; 2,381,175 females are 
engaged in agriculture and horticulture, z.e., one- 
third of the total; in trade and industry, 354,686; 
in the clothing and cleaning industries, 299,250; in 
hotels and restaurants, 213,679 ; in commercial under- 
takings, 144,938; in the industries of food and con- 
sumption, 125,190, &c. According to H.M. Consul- 
General at Frankfort-on-Main, the shifting in the 
direction of the increase of wage-earning married 
women since the last census of 1882 is very remark- 
able. Out of 10,000 wage-earning females there 
were in 1895 2,155 married and 7,845 single, as against 
1,726 married and 8,274 single in 1882, The number 
of married women amongst working women has 
been increased surprisingly, indeed by 25 per cent. in 
the case of actual working women, and if servant 
girls are included, even by 48°12 per cent. This state 
of things cannot be looked upon assound. Figures for 
the last few years, which with this great industrial 
rise brought a very keen demand for work, are not 
yet made up ; but in independent vocations the female 
element is gradually gaining admission. The en- 
deavours made during several years to gain for women 
access to the higher vocations have met with success 
in the past year. In the first instance, so-called 
‘“¢ Gymnasia (colleges) for Girls’? were organised in 
Berlin, Leipzig, Karlsruhe, Stuttgart, Konigsberg, 
Hanover, &c., in which girls are to be prepared 
for studying at a university. In the session of 
the Imperial Diet of 21st January, 1898, the Prussian 
Minister, Count von Posadowsky, declared that a 
convention was to be concluded between the Federal 
Governments, according to which lady student, 
who as visitors at the universities had obtained the 
necessary training were to be admitted to the medical, 
pharmaceutical, and dental examinations. On April 
21st the Federal Council passed a resolution to that 
effect. The movement for the emancipation of 
women has thereby obtained a great and important 
success. As regards the medical profession, there 
still reigns freedom in Germany ; it may be exercised 
without the approbation of the Government, but the 
adoption ofa title or a degree not granted by German 
universities is not allowed when an impression might 
be given that it referred to one granted by German 
universities. A female medical or dental practitioner 
has had hitherto to study abroad, but can now do so at 
home, and can pass an examination for State appro- 
bation in the same manner as male practitioners. Up 
till very recently there were only 40 lady dentists in 
Germany, but many so-called “lady practitioners.” 
There are, indeed, only nine lady physicians in 
Germany, as against 700 in Russia, and 5,000 in 
America. Now that the course of study is open to 
women the proportion will soon be changed. A 
woman could, so far, not be employed in a drug 
Store jg Germany, nor was she allowed to exercise 


Correspondence. 
C phasis 


ARTIFICIAL LIGHT OF THE SAME 
CHARACTER AS DAYLIGHT, 


I have only now seen the letter from Mr. F. W. 
Harker in the Journal, dated Oct. 26th, bearing 
upon your Abstract of the paper read by Mr. Dufton 
and myself before Section A of the British Asso- 
ciation.® 

Although not specifically referred to in the Abstract, 
we have tried the acetylene light for colour-matching, 
but cannot corroborate Mr. Harker’s experience, that 
it gives a light in which colours appear the same as in 
daylight, although, as stated by Mr. Harker, it is 
superior to the electric and to the Welsbach light. 

We have prepared a set of dyed patterns in pairs 
which match in good daylight, but show differences 
with the slightest variation in the quality of the in- 
cident light ; and when submitted to this test we find 
the acetylene light defective. 

The interesting table by Munsterberg quoted by 
Prof. Vivian Lewest does not accord, in several par- 
ticulars, with our experience ; but, as noted by Prof. 
Lewes, the value of the table is much lessened by the 
absence of details regarding the conditions of experi- 
ment. 

It is an easy matter to correct the colour of the 
acetylene light by means of our patented arrange- 
ment, and we should be glad to experiment with Mr. 
Harker’s special apparatus, and communicate the 
results, if he will lend one for the purpose. 

WALTER M. GARDNER, 
Bradford Municipal Technical College. 
Dec. roth, 1900. 


MEETINGS OF THE SOCIETY. 
ORDINARY MEETINGS. 


Wednesday evenings, at Eight o’clock :— 

JANUARY 16.—“ Photography of Natural Colour 
by the McDonough - Joly Process.” By H. 
SNOWDEN WARD. 

JANUARY 23. — “The Proposed High - Speed 
Electrical ‘ Monorail’ between Liverpool and Man- 
chester.” By F. B. BEHR. 

JANUARY 30.—“ Evolution of Form in English 
Silver Plate.” By Percy T. MAcQuUoID. 
Dates to be hereafter announced :— 

“ Recent Inventions in Weaving Machinery.” 
Pror. ROBERTS BEAUMONT. 


By 


* Fourn. Soc. Arts, Sept. 21, 1900. 
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‘“ Multicolour Printing.” By ELMER Z. TAYLOR. 

‘“ The Synthesis of Indigo.” By Pror. RAPHAEL 
MELDOLA, F.R.S., 

“School Work in Relation to Business.’ By 
Sir Josua Fitcn, LL.D. 

« Clocks, Carillons, and Bells.” 
JOHNSTON. 

“The Outlook for the World’s Timber Supply.” 
By Dr. W. SCHLICH. 

“ Patent Law Reform.” 
SIEMENS. 

“ Modem Artillery.” By LIEUTENANT ARTHUR 
TREVOR Dawson, late R.N. 

“ Testing Distant Vision.” 
CARTER, F.R.C.S. 


By A. A. 


By ALEXANDER 


By R. BRUDENELL 


INDIAN SECTION. 


Thursday afternoons, at 4.30 o'clock :— 

JANUARY 17.—“ Metalliferous Mining in India.” 
By Dr. Joun W. Evans, D.Sc., LL.B., F.G.S. 
SIR WILLIAM LEE - WARNER, K.C.S.I., will 
preside. ' 


COLONIAL SECTION. 


Tuesday afternoons, at 4.30 o’clock :— 

JANUARY 22.—“ The Commonwealth of Aus- 
tralia.” By the Hon. SIR JOHN ALEXANDER 
COCKBURN, K.C.M.G. 


APPLIED ART SECTION. 


Tuesday evenings, at 8 o’clock :— 

JANUARY 15.—“ Cameos.” By CYRIL DAVEN- 
PORT. 

JANUARY 29.—“ Some Examples of Romanesque 
Architecture in North Italy.” By HUGH STANNUS, 
F.R.I.B.A. T.G. JACKSON, R.A,, will preside. 


CANTOR LECTURES. 


The following courses of Cantor lectures 
will be delivered on Monday evenings, at 8 
o’clock :— 


J. LIBERTY TADD, “Elementary Art Educa- 
tion.” Four Lectures. 


LECTURE I.—JANUARY 14. 


Art and Manual Training in Education.—General 
statement of radical methods of work in Philadelphia 
and other cities — Rotation of drawing, modelling, and 
carving—Art symbols and nature—What is manual 
training ? Not industrial or trade work — Mechanical 
training—Automatic power— Facility— Drill— Cor- 
relation of drawing with all school studies—Con- 
sideration of nascent periods of physical and mental 
growth in education—Reasons for ambidextrous work. 


LECTURE II.—JANUARY 21. 
Bent, Disposition, Capacity.—Drawing, special 
kinds, manual training drawing—Importance of find- 


ing out “ bent,” disposition, or capacity of the young— 
Sense impressions and expressions—Sensory impres- 
sions—Motor impressions—Repetition—The force of 
habit— Organic memory—Drawing, modelling, carv- 
ing— The generation of executive volition— Develop- 
ment of creative capacity—Design— Balance—Pre- 
portion — Fitness— Grace. 


LECTURE III.—JANUARY 28. 


The Torce of Habit.—Words symbols of ideas— 
Importance of ideas—Organic ideas received from 
things—Systematic fabrication of ideas by fabricating 
things—Memory, external and internal stimulation— 
Perception — Cognition— Recognition— Recollection 
—-Habit, automatic and instructive— Physical and 
mental co-ordination — Clay modelling. 


LECTURE 1V.—FFBRUARY 4. 


Elementary Nature Study.—Nascent periods for 
inspiration — Inspiring things— Inspiring ideas— 
Organic impressions — Potential energy — Active 
energy—Development of energy by habits—Repeti- 
tion — “Grip,” pbysical grip, mental grip -- Mental 
fabric—Ideas of form—Colour—Texture - Structure - 
Function—Wood-carving. 


W. J. Pore, ‘‘The Bearings of Geometry on the 
Chemistry of Fermentaticn.’’ Four Lectures. 
February 11, 18, 25, March 4. 

Major P. CARDEW, ‘Electric Railways.” 
Three Lectures. 

March 11, 18, 25. 
SIR WILLIAM CHANDLER ROBERTS-AUSTEN, 


K.C.B., F.R.S., “© Alloys.” Four Lectures. 
April 22, 29, May 6, 13. 


JUVENILE LECTURES. 


Two Lectures, suitable for a Juvenile 
audience, will be delivered on Wednesday 
afternoons, January 2 and ọ, at half-past Four 
o’clock, by E. WALTER MAUNDER, F.R.A.S., 
Superintendent of the Solar Department, 
Greenwich Observatory, on ‘‘ Eclipses.” 


ee a- 


ROYAL INSTITUTION.—Juvenile Lectures. Sir 
Robert S. Ball will give a course of six lectures at 
the Royal Institution on ‘‘ Great Chapters from the 
Book of Nature.” The first lecture will be on 
December 27 at 3 o’clock, and the remaining lectures 
on December 29, January I, 3, 5, and 8. 


LONDON INSTITUTION.—The Juvenile Lectures at 
the London Institution will be by Professor 
W. B. Bottomley on “Flowers.” These lectures 
will be given at 4 o'clock on December 28, 31, 
January 3 and 7. 
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Notices. 
Qe 


JUVENILE LECTURES. 


The usual short course of lectures adapted 
for a juvenile audience will be given on 
Wednesday afternoons, January 2 and 9, 1901, 
at 4.30 o’clock, by E. WALTER MAUNDER, 
F.R.A.S., Superintendent of the Solar Depart- 
ment, Greenwich Observatory, on “ Eclipses.’’ 

Each member is entitled to a ticket admit- 
ting two children and one adult. As the full 
number of tickets has not yet been distributed, 
members applying can still be supplied. 

Attention is drawn to the fact that the 
lectures are in the afternoon. 


Proceedings of the Society. 
—— 


CANTOR LECTURES. 


ELECTRICAL OSCILLATIONS AND 
ELECTRIC WAVES. 


By DR. J. A. FLEMING, M.A., F.R.S., 
Professor of Electrical Engineering in University College, 
London. 


Lecture I.—Delivered November 26th, 1900. 


ELECTRIC OSCILLATIONS. 


The study of electric oscillations and electric 
waves has of late years borne fruit in practical 
developments which embrace matters of more 
than purely scientific interest. Hence it is, 
perhaps, not an inappropriate subject for dis- 
cussion in a short course of Cantor Lectures. 

Very briefly an electric oscillation may be 
defined as an alternating electric current of 
exceedingly high frequency, a frequency 
reckoned not in hundreds or even thousands 
per second, but generally in millions and 
hundreds of millions. Hence we may expect 
to find that the laws which govern the be- 


haviour and production of electric oscillations 
are very different from those which prevail 
when we are considering continuous or unvary- 
ing currents. 

Everyone who has made the smallest ac- 
quaintance with the phenomena of alternating 
electric currents is well aware of the great 
influence which their frequency or period of 
alternation has upon the observed effects. 

As long as we confine our attention to con- 
tinuous or very slowly periodic currents, the 
chief attribute of the circuit which claims our 
attention is its veszsfance. The moment, 
however, that we begin to employ alternating 
currents of even moderate periodicity we find 
that another quality of the circuit, viz., the 
inductance, begins to be important. As the 
frequency rises we find that a third property, viz., 
the capaczty of the circuit makes its presence 
felt. At high frequencies the distribution of 
currents in conductors is almost entirely de- 
termined by the last two qualities, and the 
ohmic resistance becomes less and less in- 
fluential. 

We have in the first place to consider the 
practical method of producing electrical 
oscillations. 

Up to the present moment we know only of 
one method. It need hardly be said that the 
ordinary process of producing a low frequency 
alternating current by moving bobbins of wire 
to and from magnets, or otherwise inserting 
and withdrawing magnetic flux from con- 
ducting circuits, ceases to be applicable above 
a frequency of a few thousand because we 
cannot create the requisite mechanical move- 
ments with sufficient speed. If, however, two 
conductors are brought to a large difference of 
potential and then very suddenly connected 
together by a conductor of low resistance, we 
have set up in this conductor an alternating 
current of very high frequency which gradually 
dies away. This very rapidly alternating but 
decadent current constitutes a train of elec- 
trical oscillations. 

Two conditions are necessary for the pro- 
duction of electrical oscillations in the above 
manner. Inthe first place, the release of the 
two opposite electric charges must be very 
sudden, and in the next place the circuit in 
which the oscillations take place must have a 
very small íme constant, which condition is 
generally only fulfilled when it has a very low 
resistance. 

We may employ a mechanical illustration 
to make plain the meaning of these condi- 
tions. Suppose a glass U-tube to be partly 
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filled with mercury, anl the mercury to be 
displaced so as to be high:r in one limb 
than the other. There is then a force due 
tò the difference of level urging the fluid to 
return to an equal height in the two limbs. 
Let the mercury be allowed to return, but be 
constrained so that it is released slowly; it 
goes back to its original positions without 
oscillations. If, however, the constraint is 
suddenly removed, owing to inertia, it over- 
shoots the mark and oscillations are created. 
If the tube is rough in the interior or the 
liquid viscous, these oscillations will quickly 
subside, being damped out by friction, but 
other things being equal the denser the liquid 
the more prolonged will be the time of the 
oscillations. 

Thus we see that density or inertia in the 
vibrating matter corresponds in effect with 
the inductance of an electric circuit in the 
case of the electric oscillations, and the fric- 
tional resistance experienced by the liquid in 
moving in the tube, with the electric resist- 
ance of the circuit. If we suppose the U-tube 
to include air above the mercury and to be 
closed up at its ends, the compressibility of 
the enclosed air corresponds to the electrical 
capacity of the conductors. 

Hence the necessary conditions for the crea- 
tion of mechanical oscillations in a material 
system or substance are that there must be 
a self-recovering displaceability of some kind, 
and the matter displaced must possess density 
or inertia; in other words, the thing moved 
must tend to go back to its original position 
when the disturbing force is withdrawn, and 
to overshoot the mark in so doing. Frictional 
resistance acts merely in an antagonistic 
manner and causes decay in the amplitude 
of the oscillation. 

We have these conditions realised in the 
familiar case of a violin string or a tuning-fork, 
and in them we can create mechanical oscilla- 
tions when they are displaced and suddenly 
released. 

In the same way the condition for establish- 
ing electrical oscillations in a circuit is that it 
must connect two bodies having electrical capa- 
city with respect to one another, such as the 
plates of a condenser, and the circuit must 
itself possess inductance and low resistance. 
Under these conditions the sudden release of 
the electrical strain results in the production 
of an oscillatory electric current in the circuit, 
provided the resistance is less than a certain 
critical value. We have these conditions pre- 
sent in every Leyden jar when the two coatings 


jar discharges. 


| of the charged jar are connected by a thick 


copper wire. 

It was long ago suspected that the discharge 
of a Leyden jar did not always consist in the 
flow of a transient unidirectional current through 
the discharging circuit, but was in some cases 
an oscillatory current diminishing gradually in 
strength. Joseph Henry, in 1842, came to 
this conclusion, guided to it, no doubt, by his 
observations on the irregular effects attending 
the magnetisation of steel needles by Ieyden 
He remarked :—* 

“ The discharge (that is of a Leyden jar), whatever 
may be its nature, is not correctly represented by 
a single transfer of imponderable fluid from one side 
of the jar to the other. The phenonema require us 
to admit the existence of a principal discharge in one 
direction and then several reflex actions backwards 
and forwards, each more feeble than the preceding, 
until the equilibrium is obtained. All the facts are 
shown to be in accordance with this hypothesis, and a 
ready explanation is afforded by it of a number of 
phenomena which are found to be described in the 
older works on Electricity, but which have until this 
time remained unexplained.” 


Von Helmholtz, whose penetrating genius 
opened up so many new ideas, in his celebrated 
essay, ‘‘ Die Erhaltung der Kraft,” said in it :— 

“« We assume that the discharge of a jar is not a 
simple motion of the electricity in one direction, but 
a backward and forward motion between the coatings 
in oscillation, which become continually smaller until 
the entire v/s vva is destroyed by the sum of the 
resistances.” 


Lord Kelvin in 1853 published a classical 
paper on ‘‘ Transient Electric Currents,” t in 
which the discharge of the Leyden jar was 
mathematically treated in a manner which 
elucidated important facts. He recognised the 
influence which the ‘‘electro-dynamic capa- 
city,” or as we now call it the ‘‘ inductance,” 
of the discharge circuit had upon the effects, 
and he established an equation of energy 
which expresses the fact that the energy of 
the charged jar at any instant is partly being 
dissipated as heat in the discharging circuit, 
and partly conserved as current energy in that 
circuit. 

At any moment the rate of release from the 
energy of the jar is equal to the rate of dis- 
sipation of energy in the discharging circuit 
plus the rate of change of the kinetic energy 
associated with the circuit. 


* “The Scientific Writings of the late Professor Joseph 
Henry,” Washington, 1886, vol. I. 

+ Philosophical Magazine, 1853, “On Transient Electric 
Currents,” 
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If the capacity of the jar is represented by 
C, the resistance of the discharge circuit by R, 
and the inductance of that circuit by L, then the 
above equality may be stated mathematically 


as follows :— 
z] = E Lie] + Ri?, 


Bs mak 
ai ? I : 

L- Ri = — — e 

z +Ri cf it 


at 
d L d I 
Ja HR a tic? =o 
TTg +Tig+g=0 
Where T is written for L/R, T, for C R, and g and g 
for the first and second time differentials of g. 

The above differential equation belongs to a 
class which occurs in numerous physical inves- 
tigations, and its solution in the last form 
consists in finding the value of the quantity of 


or 


or 


or 


FIG. 


CURVE REPRESENTING THE DIS- 
CHARGE OF A CONDENSER THROUGH 


A LARGE RESISTANCE. 


Strength of Instantaneous Current 
in Resistance Coil 


ime 


electricity g, or the charge of the jar at any 


instant in terms of the time and the three con- | 


stants. An equation of this kind has two 
solutions according to the relation of the con- 
stants C, L, and R. 

It is easy to show, following Lord Kelvin, 
that the nature of the solution of the above 
equation is determined by the relative values 
of the quantities L/R and I. C, or by L/R and 


I ; 
CL that is 


if R is greater than J that is if R°? is 


L R? , 
RER- If gz is greater than 


greater than 4L/C, the charge in the jar dies 
away gradually as the time increases, in such 
a manner that the discharge current is always 
in one direction. 

The ratio L/R is called the #ime-constant 
(T) of the discharge circuit, and the product 


| 


| 


C R is called the time constant (T,) of the con- 
denser. Hence the above condition amounts 
to saying that the discharge is unidirectional 


when T is less than WA TT, that is when the 


time constant of the circuit is less than half 
the geometric mean of the time constants of the 
circuit and of the condenser. 

On the other hand, if R has a value less than 


FA ve or R? is less than 4J./C, the solution of 


the equation shows that the discharge current 
is oscillatory or alternating, its maximum 
values in both directions gradually decreasing 
as time increascs.* 

The two cases are represented graphically by 
the curves in Fig. 1, the ordinates of which 
show in a diagrammatic manner the value of 
the discharge current from instant to instant, 


CURVE REPRESENTING THE Dis- 
CHARGE OF A CONDENSER THROUGH 
s A SMALL RESISTANCE. 


Discharge is Periodic 
. and Alternate. 


-a 
wee ew ce wean 


o 
o” 
oo? 
Ld 


in Resistance Coil 


Maxima gradually diminishing 
in Geometric Progression. 


Strength of Instantaneous Current 


the ordinates drawn above the horizontal datum 
line representing currents in one direction, and 
ordinates drawn below currents in the opposite 
direction. 

In the oscillatory case the gradual decrease 
in maximum ordinate is called the damping, 
and the damping co-e ficient is a factor which 
represents the rate at which the oscillations of 
current die away—that is the rate at which the 
maximum values of discharge current con- 
tinually decrease. 

The prediction that the discharge of a con- 
denser may take place by a series of decreasing 
alternating currents or electric oscillations has 
been abundantly verified by experiment. 

Feddersen and Paalzow in 1861 and 1863 
examined the discharge ofa jarin a revolving 
sg es ee ee ee 


® The above statements are subject toa small modification, 
to which reference is made later on. 
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mirror; Paalzow passed a discharge through 
a vacuum tube. It was found that if the dis- 
charge circuit had a resistance greater than a 
certain critical value the image of the spark was 
drawn out into a continuous band of light, and 
the vacuum tube showed by the diflerent appear- 
ance of the glow on the two electrodes that the 
discharge was unidirectional. If, however, the 
resistance was less than a certain critical value, 
then the image of the spark was split up into a 
series of bars of light, whilst the vacuum tube 
showed by the identity in the appearance of 
the glow-light at both terminals that the dis- 
charge was bi-directional. Moreover, a magnet 
then held near the vacuum tube split the 
discharge into two lines of light. 

Mr. Vernon Boys, whose dexterity in difficult 
experiments is well known, photographed some 
years ago the oscillatory discharge of a Leyden 


FIG. 2. 


PHOTOGRAPHS OF OSCILLATORY LEYDEN JAR 
SPARKS. (MR. VERNON Boys). 


jar by means of a rapidly revolving lens, and 
showed that with sufficiently low resistance in 
the circuit the discharge consisted of a series 
of separate successive spark discharges, each 
of which left a separate image upon a photo- 
graphic plate.* One of Mr. Boys’s photo- 
graphs is reproduced in Fig. 2. 

Professor J. Trowbridge has obtained re- 


® See “ Proceedings Physical Society,’? London, vol. xi., 
p. 1, November, 1890. In some of Mr. Boys’ experiments the 
condenser discharged had a capacity of about o't of a micro- 
farad, and the discharge circuit an inductance of about 
26,000,000 centimetres or ‘026 of a henry. Hence the oscil- 
lation frequency was about 3,000 per second. The photographs 
showed from 14 to 23 oscillations, and the frequencies as 
determined by observation and experiment agreed very well. 


markably interesting photographs of oscillatory 
electric sparks taken from the discharge of a 
large condenser, charged by means of storage 
cells giving an electromotive force of 20,000 
volts. (See Nature, August 2nd, 1900, vol. 62, 
p. 325.) Moreover, by means of a series of 
condensers charged in parallel and discharged 
in series when connected with an inductive 
circuit, he has obtained spark discharges six 
or seven fect in length, representing 3,000,000 
volts. By using large inductance the frequency 
of these oscillations may be kept down as low 
as 5,000 per second, or even to 800. 

Professor Trowbridge has also obtained 
photographic proof that these long seven feet 
sparks resembling lightning are oscillatory in 
character. 

Dr. E. W. Marchant, working in Lord Blyths- 
wood’s laboratory at Renfrew, has done much 
interesting work in photographing oscillatory 
electric sparks with a revolving mirror. (See 
Nature, August 30th, 1900, vol. 62, p. 413.) 

We must now pass on to notice the. most 
convenient experimental arrangement for pro- 
ducing these electrical oscillations. The 
single discharge of a Leyden jar would pro- 
vide us only with a feeble source of such 
oscillations ; a better arrangement however 
is as follows :— 

Two series of Leyden jars are provided, 
and their inside and outside coatings con- 
nected. The inner coatings of the two sets are 
connected respectively to two adjustable spark 
balls, xX, and also to the secondary termi- 
nals of a large induction coil, the current 
in the primary circuit of which is interrupted 
by a Wehnelt or other high speed break. 
(See Fig. 3, p. 73-) 

To get the best effects this induction coil 
should be one having a secondary circuit 
wound with thick wire. Generally speaking, 
the secondary circuit of an induction coil 
giving say and 8-in. spark is wound with 
fine wire, perhaps No. 36 wire, and will have 
a resistance of 10,000 ohms. 

The outer coatings of the two sets of jars 
are connected together through a thick copper 
wire in which the oscillations are to be set 
up. When the induction coil is in action, 
the inner coatings of the two sets of jars 
become charged to opposite potentials, and 
if the spark balls are then adjusted to be 
about a couple of millimetres or more apart 
in distance, the two sets of jars will dis- 
charge across this gap, and at each dis- 
charge electrical oscillations are set up in 
the circuit connecting the outer coatings, 
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The reason that the secondary circuit of 
the induction coil should have as low a re- 
sistance as possible is as follows :— When a 
condenser is charged through a resistance 
by a certain electromotive force applied for 
a short time, the charge in the jar does not 
arrive at its full value corresponding to the 
capacity and voltage unless the contact en- 
dures for a time, at least 5 to 10 times the 
Lime-constant of the condenser. 

If Cis the capacity of the jar measured in 
microfarads, and R is the resistance, measured 
in megohms, of the circuit to which it is 
charged, then the product C R represents in 
seconds or fractions of a second the time con- 
stant of the condenser circuit. 


FIG. 3. 


Primary Coil 


Leyden Leyden 
Jars X Jars 
Secondar 


Primary - 


Induction 
Coll 


ARRANGEMENT FOR PRODUCING ELECTRICAL 
OSCILLATIONS. 


The capacity of a large Leyden jar, having, 
say, 14 square feet of coating surface, may 
approximate to 1-300th of a microfarad, hence 
six such jars in parallel would have a capacity, 
of 1-5oth of a microfarad. 

It is here necessary to point out that when 
two condensers are joined in series, the capa- 
city of the two is added by the same rule as 
that by which we add resistances in parallel. 
Hence if C, and C; are the capacities of two 
condensers separately, then when joined in 
ont Accord- 
ingly the capacity of two equal condensers 
joined in series is half that of either of them. 

If, then, as in our arrangement, six jars are 
joined in parallel and then two such sets have 
their outer coatings of the two sets charged to 
opposite potentials, the total capacity with 


series the joint capacity is 


which we are concerned is equal to that of 
4 x 6 3 of the jars, or to 1-100th of a 
microfarad. 

The secondary circuit of an 8-inch spark 
induction coil, as generally made, has a resist- 
ance of 10,000 ohms, or 1-100th of a megohm ; 
hence the time constant of the circuit formed 
when such a coil is used to charge the two 
sets of six jars is 1-10,000th of a second. The 
electromotive force charging the jars through 
the said circuit must therefore be maintained 
for at least 1-1000th of a second if the jars are 
to be charged with a charge corresponding to 
their capacity and to the maximum value of 
the E.M.F. If, then, the primary of the induc- 
tion coil is interrupted by a Wehnelt break, 
which may give more than 1,000 interruptions 
per second, it is clear that if the secondary 
circuit of the induction coil has a resistance 
greater than 10,000 ohms, the time constant 
of the whole circuit formed of the condensers 
and secondary circuit may limit very much the 
total quantity of electric charge which can be 
accumulated in the two sets of jars in the 
interval between two discharges. 

Assuming, however, that the proportions are 
suitable, the result of employing a high speed 
break and induction coil with two series of 
jars in the above manner is that we are able 
to set up in the circuit connecting the outer 
coatings—if it does not possess too great a 
resistance—a series of powerful intermittent 
oscillations. These oscillations are not con- 
tinuous, but occur, so to speak, in groups or 
batches. 

It is worth while before passing on to con- 
sider a little more closely the exact conditions 
which pertain in the spark gap when two 
condensers are being employed as above 
described. One fact on which the establish- 
ment of the oscillations depends is the be- 
haviour of air and other gases under increasing 
electric pressure. 

In order that the nature of the operation 
which gives rise to the oscillation may be 
understood, it is necessary to notice the 
peculiar property of gaseous and liquid 
dielectric when subjected to a gradually in- 
creasing electromotive force. 

In the case of every dielectric subjected to 
increasing electric stress or voltivity, there is a 
certain critical value, best measured in kilo- 
volts per centimetre, which causes some 
molecular or atomic change resulting in the 
breakdown of the dielectric and the passage 
of a discharge. If the dielectric is a gas and 
if the source of electric supply is only capable 
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of furnishing a very small current, owing to the 
resistance of the rest of the circuit, the dis 
charge takes the form of a spark. 

The sudden passage of a gaseous dielectric 
from a state of nearly perfect non-conductivity 
to one of very good conductivity under the 
action of electric stress may be due to the 
production or separation of its atoms into 
smaller masses, variously called gaseous ions, 
corpuscles, or electrons. The remarkable re- 
searches of Prof. J. J. Thomson on electric 
discharge in vacuo seem to render it probable 
that masses much smaller than chemical atoms 
can be detached from molecules, either by 
their collisions or by the combined operation 
of their collisions and of an external impressed 
electric force. Moreover, these gaseous ions 
convey or are charged with electricity. 
Whether we can regard these corpuscules as 
the structural elements of atoms, how they 
become electrically charged, or whether they 
are themselves so to speak ‘‘ atoms of elec- 
tricity,” and what is the nature of the difference 
between positive and negative ions or electrons, 
are questions as yet not entirely within our 
power to answer. 

There are many remarkable qualities which 
characterise gaseous conductors; one of 
these is that a finite difference of potential 
must be created between the electrodes to 
begin a continuous current through a gas.* 

In the case of air and some other gases, it 
has been well established that the electro- 
motive force or potential difference between 
the discharge surfaces must exceed a value of 


about 300 or 400 volts before any current can | 


take place through the gas at all, and we may 
perhaps consider this limiting value of the 
electromotive force to be a factor in some 
way necessary to create the gaseous electric- 
ally charged ions, the subsequent movement 


of which in the direction with or against the | 


electric force constitutes the electric current 
through the gas. In any case the fact re- 


mains that below a certain critical value in ` 


the potential difference of the electrodes, the 


gas remains a nearly perfect insulator, but. 
if the difference exceeds a certain amount, | 


the gas passes quite suddenly into a con- 


ductive condition along a certain narrow path 


or paths, and becomes heated by the current 


® For a full discussion of modern views on the trans- 
ference of electricity through gases the reader is referred to 
Prof. J. J. Thomson’s work, ‘‘ Recent Researches in Elec- 
tricity and Magnetism,” chap. Il. 

Perrot in 186: and Giese in 1882 first sugge sted that gaseous 
c onductivity might be electrolytic in nature. 


passing through it. The conductivity, how- 
ever, vanishes very quickly when the elec- 
tromotive force falls again below the critical 
limit. 

One of the most curious facts connected 
with the dielectric strength of a gas, as first 
shown by Lord Kelvin, is that a thin film of 
gas has a greater dielectric strength than a 
thick film of gas, z.e., it requires a larger 
number of kilovolts per centimetre to break it 
down, as shown in Table I. 


TABLE I.—DIELECTRIC STRENGTHS OF VARIOUS 
INSULATORS. 
(In kilovolts per centimetre.) 


Dielectric Strength 
in kilovolts per centi- 
metre, or piny 
required to bre 


Material. down the Insulator. 
Micanite ......... EPE 4,000 
Mica: «6:6. cNaivesa een wie 2,000 
American linen paper para- 

fined ..... ee 540 
Ebonite 44. vis vee eecda ase 538 
India-rubber ....... eee 492 
Linseed oil .......0.cceee 83 
Cotton seed oil ......... ‘ 67 
Lubricating oil .......0.. 48 
Air film 2mm. thick ...... 57 
Air film 1°6 cm. thick..... 27 


The electric force or electromotive force per 
centimetre required to create a spark in a gas 
varies with the gaseous pressure and with the 
sparking distance. For spark lengths as 
small as ‘0003 of an inch it seems to run up to 
a value of 1,400 C.G.S. units for very low 
pressures. It is however remarkable, as well 
shown in experiments by Mr. Peace, that for 
all pressures and for all spark lengths there 
is a minimum voltage (about 300 volts) below 
which no spark can be produced. 

I shall have occasion in another lecture to 
notice a very similar property of finely-powdered 
metals, viz., that they remain practical non- 
conductors until subjected to more than a 
certain electromotive force. 

The breakdown of the gaseous dielectric into 
the conductive condition seems to be assisted 
by such agencies as ultra violet light and 
Röntgen rays falling on the terminals, espe- 
cially the cathode and the space between. 

It has been shown by Professor Trowbridge 
(see Mature, vol. 62, p. 325) that under an 
electromotive force of 2,000,000 volts and 
upwards, air at ordinary pressure becomes 
conductive. Conductors charged to this pres- 
sure emit a luminous discharge to the walls of 
the room and other earthed conductors, and in 
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fact the atmosphere at ordinary pressure 
behaves electrically under this large electric 
pressure just as a rarified gas does under 
lower electromotive forces. 

It will be seen from Table I. that some 
oils have higher dielectric strength than air ; 
hence it has been proposed to immerse spark 
balls in oil as a means of creating greater 
differences of potential between them before 
discharge can occur. There is, however, a 
controlling disadvantage, since the break- 
down of the oil insulation is apparently less 
sudden than in the case of gaseous dielectrics. 

Returning then to the Leyden jar arrange- 
ment, let us consider the actions taking place 
during one break of the primary current of the 
induction coil. As the magnetism of the iron 
coil dies away, it builds up an electromotive 
force in the secondary circuit of the coil which 
charges one set of jars with positive electricity 
and the other with negative, on their interior 
coatings—7z.e., creates a dielectric strain in 
the glass and at the some time impresses a 
gradually increasing electric force on the air 
space between the discharge balls. (See 


Fig. 4.) 


LINES OF ELECTROSTATIC STRAIN IN THE 
DIELECTRIC OF THE LEYDEN JARS. 


At a certain value of this electric force the 
air gap passes into a conductive condition 
and at that moment the state of affairs is as 
follows :— 

The dielectric of each jar is electrically 
strained. those of the two sets in opposite 
directions; hence, when the inner coatings 
are conductively connected on the passage 
of the spark, we have two strained dielectrics, 
the metallic coatings on which are united by 
conductors. (See Fig. 4.) This dielectric 
strain was produced by an electromotive 
force, and acts itself in turn as an electro- 
motive force. When the disruptive discharge 
takes place this strain vanishes, and in its 
place we have a current in the circuit. 


Hence the state of the metallic circuit is for 
the moment exactly as if they connected 
together two secondary cells joined as shown 
in Fig. 5. 


Fic. 5. 


LINES OF MAGNETIC FLUX ROUND THE CIRCUIT 
OF THE LEYDEN JARS. 


The dielectrics therefore expend their energy 
in producing an electric current in the circuit ; 
and as thatcurrent increases the dielectric strain 
disappears. The circuit, however, possesses 
inductance, and the current energy, in so far 
as it is not frittered away by resistance, would 
expend itself in again creating electric strain 
in the dielectrics in an opposite direction, thus 
building up against itself a counter electro- 
motive force which gradually annuls the cur- 
rent. The operation then repeats itself in the 
opposite direction, and there is thus set up an 
oscillatory condition in which the energy is 
alternately energy of dielectric strain and 
energy of electric current, until finally it is 
frittered away or dissipated into heat by the 
resistance of the circuits. 

A mechanical analogue may be found in the 
case of a heavy bar suspended by a flat steel 
strip. If we twist the bar and impart energy of 
strain to the spring, it begins to move when the 
restraint is taken away, and the energy of 
strain is gradually transformed into the energy 
of motion. If we cause such an arrangement 
to vibrate in a liquid, the decadence of the 
mechanical oscillations by friction corresponds 
to the gradual damping-out of the electrical 
oscillations by resistance. 

Before we pass on to other matters it is 
desirable to point out how the frequency of 
these electrical oscillations can be determined. 
The discussion of the fundamental equation 
for the discharge of the Leyden jar shows that 
in the oscillatory case the oscillations are iso- 
chronous, and that the periodic time, /, is 
given by the equation— 
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Z R2? 
t= fY ie- i 
In nearly all practical cases the fraction 
R?/4L? is small compared with 1/LC, and the 
periodic time is therefore very approximately 
represented by the equation— 


t = 2m, /LC 


In the case of a material body making small 
vibrations under the operation of mass inertia 
and elasticity, the time of the vibration is ex- 
pressed by the equation— 


t= i= 2n,/ IP 


where K is the quotient obtained by dividing 
the mechanical couple, causing a small angular 
displacement by the magnitude of that dis- 
placement. It might otherwise be called the 
force-creating unit displacement, and it would 
not be inappropriate to name the reciprocal of 
K or 1/K the elastic pliability (P) of the body. 
Hence the periodic time of vibration of the body 
when executing small vibrations is 2 *-times the 
geometric mean of the moment of inertia (I) 
round the axis of vibration and its pliability (P). 

In the case of electric oscillations, the induct- 
ance takes the place of the moment of inertia 
and capacity of the pliability. Hence the 
periodic time of an electric oscillation is 
2-times the geometric mean of the inductance 
of the circuit and the capacity of the condenser 
or Leyden jar which is discharging. 

It is necessary for the purposes of calculation 
to note that in the above formula if L is mea- 
sured in electromagnetic measure (z.e., in 
centimetres), then C must be also measured 
in electromagnetic measure. If C is measured 
in electrostatic measure (2.e., in centimetres) 
then the above formula becomes changed to 


2r S 
t= 37x A LC 
because 9 X 10” electrostatic units of capacity 
are equal to one electromagnetic unit. If C 
is measured in microfarads then L must be 
in megahenrys, z.e., in centimetres divided by 
1o%, It is most convenient to measure the 
capacity in microfarads, or in centimetres, 
and itis necessary to remember that one micro- 
farad is = 9 X 10° centimetres or units of 
electrostatic capacity, and 


el Ga ee ee ST ea See A 
pay a inductance in a x capacity in mfds. 


The frequency % is, of course, the reciprocal 
of Z, or of the periodic time. Hence we have 
approximately, 


5,000,000 oo 
n= Wa capacity in mfds. X inductance in cms.* 
It is also necessary to be in a position to 

calculate the inductance of a circular sectioned 
wire of given length and coiled into a circuit 
of various forms. The simplest case is that of 
a single straight wire of length 1 centimetres, 
and diameter @ centimetres. If the wire were 
bent into a closed circuit the inductance can 
be calculated by a well-known formula due to 
Neumann, viz. :— 


1 
L = {== 


where ds and ds! are any pair of elements of 
the circuit separated by a distance 7, and @ is 
the angle between their direction. 

For a straight wire, supposing the current 
circulates only on the surface, the above 
formula gives 


L = 21 ( log 4 — 1)f 


Hertz, however, calculated the same quantity 
on the assumption that the current was uni- 
formly distributed over the cross-section of the 
wire, and gave the expression 


L= 27 ( log, 4 — oys )t 


It is not quite certain that Neumann’s for- 
mula can properly be applied to open electric 
circuits, but in any case the inductance (L) of 
a length Z of round wire of diameter d is given 
by the equation 


L=21( log tf —a J$ 


where a isa quantity not far from unity. 

For purposes of the numerical calculation of 
the frequency of oscillations it is more con- 
venient to employ logarithms to the base 10, 
and the expression for L may then be stated 


L= 27 ( 23026 logro $; — 1) | 


If, for instance, the wire has a diameter of 
4 millimetres and a length of 1 metre (= 10) 
centimetres) then L = 1,231 centimetres. 
Hence, if such a wire is used to short circuit 
a Leyden jar, having a capacity of 1-300th 
of a microfarad, the electrostatic capacity of 
the jar is 3,000 centimetres, and the induct- 


* If the inductance is given in millihenrys, remember that 
one millihenry = one million C.G.S. units or centimetres. 

+ See Prof. H. Poincare, “Les Oscillations Electrique,’ 
P. 45. 
t See collected papers of H. Herts, “Electric Waves,” 
translation by D. E. Jones, p. 51. 

} See “ Absolute Measurements in Electricity and Mag- 
netism.’’ Prof. A. Gray, vol. II., part II., p. 787. 
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ance of the discharge circuit is 1,230 centi- 
metres nearly. Accordingly, the periodic 
tıme ¢ of the oscillations set up is 
20 

3 x 1019 
and the frequency of the oscillations or number 
per second is nearly at the rate of 24 millions 
per second. 

If the wire instead of being straight is bent 
-into a rectangle, square, or circle of one turn, 
the whole length of the wire being / centi- 
metres, and / being very large compared with 
d, we shall not commit a great error by calcu- 
lating the inductance by the same formula as 
for a simply straight line, viz. :— 


L=21( log. tı) 


AA = 
J 3,000 X 1,230 =: /-second 


If the wire is in the form of a large coil of 


Proceeding in the next place to notice the 
properties of these electric oscillations, it is 
easy to show that the existence of electrical 
oscillations in a primary circuit results in the 
production of secondary oscillations in a 
secondary circuit held near it. If the wire join- 
ing the outsides of the two series of the above- 
mentioned Leyden jars, L, L, is wound round a 
square wooden frame, P, and if another wooden 
frame is held near to it, having wound on it a 
secondary circuits of insulated wire of a few 
turns, the last circuit being closed by a small 
incandescent lamp, G, we find on starting the 
oscillations in the primary circuit that the little 
lamp in the secondary circuit lights up, even 
although the distance between the two circuits 
may be several feet. (See Fig. 6.) 

We have here constructed a step-down 


FIG. 6. 


ARRANGEMENT FOR PRODUCING SECONDARY ELECTRICAL OSCILLATIONS. 


N turns, N not being very great, then the 
whole inductance of the coil is nearly N? times 
that of a single turn. 

Hence the inductance L of a large square 
or circular coil of wire N turns, for present 
purposes, is sufficiently nearly given by the 
formula 


La 22 N? { 2°3026 log wit I } 


where Zis the length of one turn of the wire, 
and d is its diameter, both measured in centi- 
metres, provided that 47 is large compared 
with d. 

The above formula can only be applied, 
however, if the length 7 is great compared 
with d, and also if the diameter of the square 
or circle into which the wire is bent is large 
in comparison with the diameter of the wire ; 
moreover, the turns of the coil must be close 
together. 


transformer for electrical oscillations with an 
air core, the primary and secondary circuits 
being separated by a considerable distance. 
It is clear, therefore, that the whole space 
round the primary circuit is full of oscillating 
magnetic flux, that is to say, magnetic flux 
the direction of which is rapidly alternating, 
and the lines of flux of this field inserted into 
and withdrawn from the secondary circuit give 
rise to secondary oscillations of the same 
frequency, but moving under a greater or less 
electromotive force, according to the relative 
number of turns on the two circuits. 

We can in the same manner make a step-up 
transformer for electrical oscillations. On an 
ebonite tube is wound an insulated circuit 
which connects the two outer coatings of the 
two series of Leyden jars. This primary 
circuit is placed in the interior of a tall glass 
vessel, on the outside of which is wound a 
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circuit of many more turns of gutta percha wire. 

Connecting the secondary circuit with two 
long vacuum tubes we are able to show that 
the existence of the primary oscillations in the 
primary circuit is accompanied by the produc- 
tion of secondary oscillations in the secondary 
circult, and that these are of a higher electro- 
motive force than that producing the primary 
oscillations. 

These secondary electric oscillations can not 
only be set up in solid conducting circuits, but, 
as Professor J. J. Thomson has shown, we can 
produce them in circuits consisting wholly of 
rarified gas. 

If a glass bulb, B, exhausted of its air to the 
point of maximum electric conductivity is 
surrounded by a loop of wire, P, connectiny the 


| 
| 


enable us to show most clearly the marked 
effects of magnetic screening when we are 
working with extra high frequency alternating 
electric currents. 

If we insert between the primary and 
secondary circuits wound on square frames, 
which were employed-a moment ago, a screen 
of perforated zinc, we see that this thin 
metallic screen cuts off all, or nearly all, of 
the effect of the primary circuit. A thin 
metallic screen of this description would have 
no marked effect in annulling the secondary 
current if the periodicity of the primary alter- 
nating current were much lower—that is to say, 
reckoned in hundreds per second instead of in 
tens of thousands. 

It is not unusual to describe the effects of 


FIG. 7. 


ELECTRODELESS DISCHARGE IN A GAS PRODUCED BY INDUCTION. 


outsides of the two series of Leyden jars, it 
produces in the bulb a brilliant ring of light 
when the primary oscillations are started. 
These are due to secondary electric oscillations 
set up in the rarified gas along a closed path. 
(See Fig. 7.) 

This experiment is a beautiful proof of the 
fact that rarified gases are very good con- 
ductors, and in fact, as Professor Thomson has 
shown, are intrinsically—that is to say, mole- 
cule for molecule—far better conductors than 


| magnetic screening as due to the neutralising 


action of the secondary current set upin the 
mass of the screen, but there is another 
manner of viewing the phenomena which 
is not only more suggestive, but perhaps a 
better physical explanation. 

The propagation of magnetic flux through 
and into a conductor is effected by a process 


| which is in every way analogous to the dif- 


electrolytic liquids or even than many metals.’ | 


The phenomena of secondary oscillations 


* See “Recent Researches in Electricity and Magnetism,” 
by Prof. J. J. Thomson, p. 101. The maximum conductivity 
of a rarified gas is there shown to be of the order of that of a 
25 per cent. aqueous solution of sulphuric acid, and that 
molecule for molecule, air when rarified to its maximum con- 
ductivity has 7} million times greater conductivity than a 
25 per cent. solution of sulphuric acid. These electrodeless 
discharges in vacuum bulbs have also been investigated by 
Mr. E. C. Rimington (see ‘‘ Proc. Phys. Soc.,’’ London ., vol., 
32, p- 265 i 


fusion of liquids into one another, or to the 
transference of temperature through a con- 
ductor—that is, as Lord Kelvin has called it, 
to the thermometric conductivity. These 
processes are mathematically described by 
differential equations of the same form as 
those which determine the propagation of 
magnetic flux, or of an electric current into a 
conductor. 

In the case of magnetic flux, this rate of 
diffusion, as shown by Mr. Oliver Heaviside, is 
inversely as the electric conductivity and in- 
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versely as the magnetic permeability of the 
material. 

Consider the case of a cylinder of iron placed 
parallel to the lines of flux in a uniform 
magnetic field due, say, to a solenoid 
traversed by a current. If we suppose the 
iron suddenly introduced into the uniform field, 
the flux begins to penetrate into it through its 
surface and, so to speak, soaks more or less 
slowly into the mass. 

Very elegant demonstrations of this fact 
were given by experiments shown by Dr. J. 
Hopkinson and Professor E. Wilson, for the 
first time in this room some years ago.* It 
was then shown experimentally that the appli- 
cation of a magnetising force to a cylinder 
of iron resulted in the slow propagation of the 
magnetic flux into the iron from the surface 
inwards, and it was pointed out that the time 
required to establish the practically steady or 
uniform state of flux in the iron varied as the 
square of the diameter of the cylinder. Hence 
it follows that if the cylinder of iron, or any 
other conductor, is placed in a rapidly alter- 
nating magnetic field, the magnetic flux never 
quite penetrates to the centre of the mass of 
metal if its diameter exceeds a certain value. 
The alternation of magnetic force results in the 
flux, so to speak, being recalled before it has 
time to establish itself throughout the whole 
mass of the metal. 

A precisely similar effect takes place, as 
every electrician knows, when an alternating 
electromotive force is applied to establish an 
alternating current in a cylindrical conductor. 
Under these circumstances the current never 
penetrates beyond a certain depth into the 
metal, and this skt2 effect, as it is some- 
times called, causes the resistance of a con- 
ductor to periodic currents to be greater 
than its resistance to continuous or unvary- 
ing currents. 

Lord Rayleigh, some years ago, gave two 
formulz calculating the effective resistance 
(R!) and the effective inductance (L!) per unit 
of length of a circular section wire when 
traversed by an alternating current of known 
frequency.t 

Lord Kelvin has also provided us with a 
formula from which the resistance of copper 
wires of known diameter for alternating 


* * Journal of the Institution of Electrical Engineers,” 
vol, 24, 1895, p. 195. 

t Lord Rayleigh on “The Self-Induction and Resistance 
of Straight Conductors,” “ Philosophical Magazine,” May, 
1886, p. 382; also J. A. Fleming, “The Alternate Current 
Transformer,” vol. i., p. 294. 


currents of stated frequency can be calcu- 
lated.* 

The figures in Table II. show the relative 
resistance of copper wires of various diameters 
under periodic alternating electromotive force 
having a frequency of 100. 


TABLE II. 
TABLE OF RESISTANCE OF HIGH CONDUCTIVITY 
ROUND COPPER CONDUCTORS. 


Sectional Resistance in ohms. per 1,020 yds. to— 


mendes area in a 
cable. uare f rnating cur- 
MEES. Continuous rents of frequency 


currents. 


100 per second. 


7/18 | '0126 1'974 1°974 

7/16 | :0225 1'108 1°108 

7/14 | °0358 "712 "712 
19/18 035! “712 "712 
19/16 "0624 “401 401 
19/14 | *0973 "257 "257 
19/12 | +1645 "153 *155 
19/10 "2500 "100 "1034 
37/16 | 1227 "204 2041 
37/14 | "1913 "131 "1334 
37/12 | °3235 ‘077 "081 
37/10 | °4905 "O§! °057 
61/14 | °3185 078 082 
61/12 "5385 046 052 
61/10 | °8167 "0305 0391 
91/13 | °6354 "0385 "0458 
91/12 III 0305 0391 
91/11 | 1°0000 "0250 *0350 


When we 


are dealing with alternating 
currents of very high frequency, such as those 
which constitute electrical oscillations, Lord 
Rayleigh’s formula for the effective resistance 
takes a very simple form in the case of round, 


straight, or nearly straight, conductors. If R 
is the true ohmic resistance of the conductor 
under continuous currents, and R! is the effec- 
tive resistance for alternating currents of 
frequency z, then— 


R! = ,/anlR=Ry rnpksS 


where Z is the length of the conductor and 
p the permeability of the material of which it 
is made; R the conductivity and S the sectional 
area; hence the effective resistance varies as 
the square root of the frequency. 


® Presidential address to the Institute of Electrical 
Engineers, vol. 18, 1889, ‘‘ Electricity, Aether, and Ponder- 
able Matter” ; also “Mathematical and Physica] Papers,” 
vol. III., p. 492, ef seg. See also A. Gray, ‘‘ Absolute 
Measurements in Electricity and Magnetism,” vol. II., 
Part I., p. 331 
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Take the case of a copper conductor one 
square centimetre in section conveying oscilla- 
tions having a frequency of a million. Then 
u = 1 and n = 10° and R! /R = 1772 wy: 
but R /] = 1600 C.G.S. units. 

Hence the resistance to electric oscillations 
of this frequency is forty-four times that for 
continuous currents. 

Also Lord Rayleigh showed that for very 
rapid oscillations the effective inductance (L’) 
of a conductor can be expressed in the form 


1 
L' = A + ae where R! is the effective 
2nen 


resistance for the same frequency, and A is 
a quantity which depends on the geometrical 
form of the circuit, but not on its resistance. 
Hence it 1s clear that the inductance decreases 
as the frequency increases. 

This concentration of an alternating current 
at the surface of a conductor, or so-called sin 
effect is very marked in the case of the magnetic 
metals even for quite low frequencies. 

In the case of an infinite flat plate of 
thickness, 2 %, traversed by an alternating 
current of frequency, 7, in a direction parallel 
to the plane of the plate, Professor J. J. 
Thomson has shown that the current ampli- 
tude decreases from the surface inwards in 
geometrical progression as the distance from 
the surface increases in arithmetic progression. 
Also if x be the distance of any point from the 
surface, the rate at which the maximum 
values of the alternating current at suc- 
cessive points, taken inwards from the 
surface, decay is determined by a decay 


factor = 2m Ht where p is the magnetic 


P 
permeability, the electric resistivity, and 7 is 
the frequency. 

If we consider a plate of iron for which 
p= 10f, p = say 1,000, and adopt a frequency 
of 100 = 7, then the decay factor is nearly 20. 
Hence at a depth of 0-5 millimetre from the 
surface the maximum value of the current 
during its period will be only 1/e = 0°368 of its 
value at the surface, and for other depths as 
follows :— | 


Maximum valuc of the 
alternating current at 


Distance in millimetres that point cxpressed as 


of point from surface of 


plate. per-centage of the 
maximum value at the 
surface. 
At surface 100°0 
0'5 below 36°8 
rO i 13°5 
2O » 1°8 


3°0 ” °25 


The corresponding percentage values for 
copper would be about 13 times greater. 

Hence in the case of iron when employing 
alternating currents of a frequency of 100, the 
current practically penetrates only about two 
millimetres. into the surface. In the case of 
copper the practical penetration would be about 
26 millimetres. 

If, however, instead of employing alternating 
currents of a frequency of 100 we are dealing 
with electrical oscillations having a frequency 
expressed in millions, then the ‘‘ skin ” or used 
portion of the metallic circuit may be less than 
1‘100th of a millimetre in thickness. 

Accordingly the specific resistance of the 
material of which the discharge circuit is made 
becomes of little consequence, the whole effects 
are determined by the frequency and induct- 
ance, which latter in turn depends upon the 
geometric form of the circuit. 

Professor J. J. Thomson has calculated 
(see ‘‘ Recent Researches in Electricity and 
Magnetism,” p. 281), that for electrical oscilla- 
tions having a frequency of 1,000,000 the 
thickness of the conducting skin for soft iron 
is about 1-200th of a millimetre, and for copper 
about 1-15th of a millimetre. In these cases 
there is a concentration of the current at the 
surface, and the outer layers of the metal are 
for a short time carrying more current than 
would suffice to melt them if it were maintained 
continuously. 

It should be noticed that the actions whereby 
the alternating current is kept more or less to 
the surface of the conductor not only make its 
resistance per unit of length greater than it 
would be for continuous currents, because, so 
to speak, less of the metal is made use of, but 
it decreases also the inductance of the wire. 

There are several ways in which we can 
regard the property of a circuit we call the 
inductance, but one of them is as follows :— 

We may think of the current in a wire as 
split up into a number of current elements or 
current filaments ; variation in the strength of 
any of these elementary currents creates oppos- 
ing or assisting electromotive forces of induc- 
tion in the circuits of the other current 
elements. Hence the more compacted to- 
gether these elements, the more they are able 
to act and re-act upon one another, and the 
greater the self-induction or inductance of the 
whole circuit. On the other hand, the farther 
apart these current elements are separated, the 
less is the total inductance. (See Fig. 8, p. 81.) 

When the current in a wire keeps to the 
surface or skin the current elements are as far 
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apart as can be, and hence the inductance of the 
whole circuit is much less than when the current 
is distributed uniformly over the cross section. 

Another way of looking at the matter is as 
follows :—The inductance is an effect in virtue 
of which the current takes time to establish 
itself or become constant. The less, therefore, 
the distance that the magnetic flux, which 
from one point of view constitutes the current, 
penetrates into the metal, the sooner will the 
practically steady state be established. 

Whichever view we take, theory and experi- 
ment alike indicatc that a rapidly alternating 
or periodic current only makes use of the 
surface skin or outer layer of the conductor, 
and that a rapidly alternating magnetic force 
only in the same manner produces magnetisa- 
tion or magnetic flux in the surface layer of a 
magnetisable substance. 


Fic. 8. 


Stranded 


fe À 


Laminated 


Accordingly, if we give the conductor such 
a section that the central portions of the metal 
are as near as possible to the surface—say by 
giving it the form of a flat strip, this reduces the 
inductance compared with another conductor 
of equal cross section. The inductance varies 
with the shape of the cross section just as does 
the torsional rigidity. For equal sectional 
areas the flat strip has less inductance and less 
rigidity to torsion than a round wire. 

When we are considering not merely steadily 
periodic currents, but electrical oscillations 
damping out or dying away, a further modifi- 
cation of theory is necessary. It has been 
shown by Dr. Barton that if we consider 
the case of electrical oscillations taking 
place in a wire, the current strength at any 
instant being represented by a function of 


€ 


kpt 
the form Cos Jf where pram and 7 is 
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the frequency and $ the damping factor; the 
effective resistance is slightly greater than that 
which would be given by Lord Rayleigh’s 
formula on the assumption that the alterna- 
tions of current were steadily periodic and of 
the same frequency.* 

Dr. Barton and Prof. Morton have also 
investigated the effect of this change on the 
criterion of discharge of the Leyden jar. 
They find that the increased skin effect has a 
tendency to promote the oscillatory state. 

The simple theory given at the beginning of 
this lecture indicates that when the resistance 


R of the discharge circuit = Saldy C, 
the discharge will just pass from the oscilla- 
tory to the unidirectional form. As a matter 
of fact, corresponding to that value of the 
resistance of the discharge circuit, the dis- 
charge would really be oscillatory.t 

It appears, therefore, that we have to con- 
sider three difierent kinds of electrical 
resistance. There is the resistance (R) which 
a conductor presents to continuous or un- 
varying electric currents, which some years 
ago l ventured to call the ohmuc resistance, 
a phrase now very generally adopted because 
it is the resistance determined in accordance 
with Ohm’s law. In the next place we have 
the resistance due to steadily periodic alter- 
nating currents, which when the conductor 
takes the form of a circular section wire 
can be calculated by the formulæ of Lord 
Rayleigh and Lord Kelvin. In this case the 
resistance for the same conductor is always 
greater than that corresponding to the uniform 
or unvarying current, and it increases with the 
frequency. This second type of resistance 
(R’) might be called the alternating resist- 
ance. 

Then, thirdly, when we are dealing with 
electrical oscillations which decay away, the 
effective resistance of the conductor is still 
further increased by an amount which depends 
upon the frequency and damping factor. This 
may, perhaps, be called the oscillatory re- 
sistance (R"). The explanation of this fact is 
probably that when damped oscillations exist 
in any circuit electric radiation in the form of 
electric waves is being given off. This is a 
source of dissipation of energy, and as a non- 
reversible process may be looked upon as 
equivalent to an addition to the real resistance 


® See Dr. E. H. Barton, Proc: Phys: Soc: vol. 16, 
p. 409, June 1899, “Onm the Equivalent Resistance and 
Inductanee of a wire of oscillatory discharge.” 

+ See Dr. E. H. Barton and Prof. W. B. Morton, Proc: 
Phys: Soc: Lond: vol. 16, p. 465, December 1899. 
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of the circuit over and above that calculated 
by the Rayleigh formula. 

The following Table III., taken from Dr. 
Barton’s paper, shows the relation between 
the alternating resistance and the oscillatory 
resistance for various damping factors :— 


TABLE IIT. 


Ratio of R”/R’, or of 
Oscillatory to Alter- 
nating resistance. 


(0) I 


Damping Factor 
(4) 


R = 1/4 = 00798 1'044 
» = 3/10 = 00955 1'054 
„ = 1/2 = 01595 1°097 
s= 1) = 0319 1°228 
a | 2°197 
pem 2 4'602 
» = 7°85 


The above Table shows that when the damp- 
ing factor $ = ı the ratio of the electrical 
resistance to damped oscillatory currents to 
that for sustained alternating currents of the 
same frequency is 2°197.° 

In the experimental study of electric oscil- 
lations, we have many opportunities of noticing 
the great effect which inductance in the trans- 
mitting circuit has in presenting an obstacle 
to the flow of very high frequency currents, 
thus throttling them out. With the Leyden 
jar apparatus, already described, it is easy to 
show this phenomenon. 

We place the closed secondary eircuit near 
the primary and then set up oscillations in 
this last circuit, thus creating secondary oscil- 
lations in the secondary circuit, and we employ 
the current so generated to illuminate a small 
incandescent lamp in the secondary circuit. 
In this latter circuit is then introduced a coil 
of insulated wire, the turns of which can be 
spread out on a cylinder of card and squeezed 
up together. The resistance of this last wire 
is small and not sufficient to have much effect 
upon the magnitude of the electric ocillations, 
and, hence, when the coils are spread out as 
far as possible, the mere introduction of the 
wire into the secondary circuit has no apparent 
effect upon the brilliancy of the lamp. 


® In the case of simple periodic currents all the quantities 


are proportional to e'Pt where e is the base of the Napierian 
logarithm, 1 = y — 1 , and # = 29n; when 7 is the fre- 
quency and f is time. For the special characteristic of 
a simple periodic quantity y of frequency m is that 


dyjat? = — pty where p = 29n. The function y = pP 
fulfils this condition; also y = Sin ff and y = Cos ff are 
other functions which likewise obey the same law. In the 

(*—) pt 
case of damped oscillations all the functions vary as e )# 
where & is the damping factor. 


If, however, we squeeze the turns of the coil 
together, the glow lamp is at once extinguished. 
This is clearly because the approximation of 
the turns of the coil causes its inductance to be 
increased, and hence the inductance of the 
whole secondary circuit is increased to such a 
point that it reduces the mean amplitude of the 
current oscillations to a value below that suffi- 
cient to heat the lamp filament to incan- 
descence. , 

It is obvious that this increase of inductance 
is due to the interaction of the currents in the 
neighbouring turns of the spiral upon each 
other; the current in each turn of wire creates 
an opposing electromotive force in neighbouring 
turns and so builds up an obstacle against 
itself. Hence, when it is desired to choke or 
throttle electric oscillations, the circuit should 
be coiled into a čoil of many turns. It is 
remarkable, however, how little coiling of a 
wire creates great obstruction to the transmis- 
sion of electrical oscillations along it. 

ln the next place, with the aid of the same 
apparatus we can make some observations on 
another interesting matter, viz., the magneti- 
sation of iron by these extra high frequency 
currents. In the apparatus just employed we 
find that the introduction of a core of iron or 
bundle of iron wires into the coiled wire intro- 
duced into the secondary circuit has little or 
no effect in increasing the effective inductance 
of the latter, and if the coils on the auxiliary 
circuit are placed so far apart that the little 
glow lamp is just visibly incandescent, it is 
easily seen that the introduction of the iron 
core does not produce so much effect in extin- 
guishing the light as the movement of the coils 
of wire a little nearer together. 

We can arrange many experiments of the 
same kind which seem at first sight to show 
that the inductance of a coil in the case of 
these electrical oscillations is not sensibly 
affected by the presence of iron round or within 
it. 

At the first glance these experiments seem 
to indicate the conclusion that the extra high 
frequency currents of electric oscillations are 
unable to magnetise iron. From what has 
already been explained it will be clear, however, 
that the rapidly reversed magnetising forces 
due to electric oscillations can in any case 
only create magnetisation in the iron to a very 
small depth, and that the thickness of this 
magnetised skin must be reduced with 
increasing frequency. 

It has been shown that the conclusion that 
iron and other ferromagnetic materials are not 
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magnetised at all by electric oscillations is 
incorrect. The question has been much 
debated whether the inductance of an iron 
wire for these high frequency currents is or is 
not greater than that of a copper wire of the 
same frequency and dimensions. Hertz came 
to the conclusion that it was not greater, and 
stated in one of his papers that the magnetic 
susceptibility of the iron played no part in the 
case of very rapidly reversed magnetising 
force.* It has been shown, however, by Prof. 
J. Trowbridge (Phil. Mag. December, 1891, 
“Damping of Electric Oscillations on Iron 
Wires ’’) that electric oscillations on iron wires 
are more quickly damped out than in the case 
of copper wires, hence there must be an energy 
absorption due to the magnetisation of the 
iron. 

An excellent investigation by Mr. C. E. 
St. John (see Phil. Mag. Nov., 1894) has con- 
firmed the above results. By creating electric 
waves along wires in a manner to be described 
in the last lecture, Mr. St. John has shown 
that the inductance of iron wires is greater 
than that of similar sized copper wires when 
made into circuits of the same form, and con- 
veying electric oscillations of a frequency of 
about 56 millions by 3:4 to 4'3 per cent., and 
he has confirmed the result that in the case of 
iron wire there is a more rapid damping out of 
the oscillations. 

The experiments show that the permeability 
of the iron even at this frequency is still as 
high as 385. 

Additional evidence that the magnetic 
qualities of iron are however still exhibited even 
when the magnetising forces are reversed some 
millions per second is given by an experiment 
due to Professor J. J. Thomson. 

Employing the Leyden jar apparatus already 
described, if we make the wire connecting the 
outside coatings of the two sets of jars into two 
coils, and if we place in one of these coils a 
glass bulb exhausted to the point of maximum 
conductivity, then, as already shown, secondary 
oscillations are set up in this rarified gas and 
make themselves evident by creating a brilliant 
luminous ring discharged inthe gas. Ifin the 
other coil we introduce any conducting sub- 
stance which is capable of absorbing energy 
either by permitting tertiary electrical oscilla- 
tions to be set up in it or by becoming 
magnetised, then the damping of the electrical 
oscillations due to this cause will be shown by 
the rarified air in the bulb being no longer 
luminous. 

° Ann: der Physik and Chemie, vol. 34, 1888, p. 558. 
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It is possible to arrange the experiment so 
that the introduction of a cylinder of copper, 
or bundle of copper wire, into the second coil 
of the primary circuit does not much affect the 
luminous discharge in the gas, but the intro- 
duction of a similar sized cylinder of iron or 
equal bundle of iron wire immediately destroys 
it. This, Professor Thomson shows, must be 
a consequence of the energy absorption 
involved in magnetising the iron, so that 
although its electrical conductivity is much less 
than copper, yet, owing to the fact that its 
permeability is much higher than unity, its 
damping effect on the electrical oscillations is 
on the whole greater.” 

Accordingly we are led to the conclusion 
that even at these high frequencies the iron is 
magnetised by the action of electrical oscilla- 
tions and possesses a permeability which is 
probably as high as 300 or 400. 


FIG. 9. 


PHOTOGRAPHSor OSCILLATORY SPARKS, 
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PHOTOGRAPHS OF OSCILLATORY SPARKS FROM 
COILS WITH AND WITHOUT IRON CORES (DR. 
MARCHANT). 


Direct photographic proof of the magnetisa- 
bility of iron by oscillatory discharges has been 
obtained by Dr. E. W. Marchant, and the two 
photographs of oscillatory sparks here shown t 
illustrate this fact well. (See Fig. 9.) The 
first photograph is that of the spark taken 
when a condenser of 0°06 microfarad was 
discharged through a coil having an in- 
ductance of about five millihenrys, the 
potential of the discharge being 13,500 volts. 


è See “ Researches in Electricity and Magnetism,” p. 323. 
Also see J. J. Thomson, Phil. Mag., November, 1891, p. 460. 

+ Taken from a letter by Dr. Marchant to Nature, August 
3oth, 1900, 
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The coil contained in this case no iron core. 
The second photograph shows the spark when 
a core of 550 fine iron wires No. 28 was inserted 
into the paper tube on which the wire was 
wound. 

These photographs show that the effect of 
the iron is to increase the time period or slow 
down the oscillations, and also owing to the 
increase in the permeability of the iron as the 
discharge dies away, we see that the interval 
between successive oscillations increases; in 
other words, the oscillations are no longer 
isochronous. 

We need not, however, demand photographic 
proof that electrical oscillations can magnetise 
iron; the old and well-known experiments of 
magnetising sewing-needles by Leyden jar 
discharges is sufficient proof. It was the 
anomalies which presented themselves in the 
polarity of the resulting magnetism which led 
Joseph Henry to suspect that the Leyden jar 
discharge was oscillatory in nature.* 

We thus discover that electrical oscillations 
possess all the characteristics of ordinary 
alternating currents. They can be trans- 
formed by step-up and step-down transformers, 
and they can produce magnetisation in iron, 
but they exhibit an enormous sensibility as it 
were to inductance in the circuits through 
which they pass, and the shielding effects 
with metallic screens, which are hardly notice- 
able when dealing with low frequency alterna- 
tions, become immensely enhanced when we 
deal with electrical oscillations. 


Miscellaneous. 
a ———_—__ 


ELECTRIC TRAMWAYS AND ASPHALT 
PAVEMENTS. 


Various attempts have been made in Germany 
to devise a means whereby the destructive influence 
exerted by the passage of heavy electric tram-cars 
upon asphalt pavements may be counteracted. 
Hitherto says a German trade review, these en- 
deavours have been without definite result, but much 
has been said lately in praise of a system which is 
shortly to be subjected to a practical test in Berlin. 
Contrary to ordinary practice, in which the tram lines 
are laid immediately upon a foundation of concrete, 
further resting in direct contact with the super- 
imposed asphalt, the new method consists in laying 
the rails upon a bed of coarse gravel and running a 
line of hardwood blocks along either side. Experience 


*See “The Alternate Current Transformer” (Fleming), 
vol, i. p. 223. 


has taught that ordinary pavements with gravel and 

' stone foundations in place of concrete offer the 
greatest resistance to the influence of electric cars. 
It is assumed that the gravel or stone allows the rails 
more play, which is advantageous in that, despite 
great care in their manufacture, it is impossible to 
ensure exact uniformity with the gauge of the cars. 
The new method is also relied upon to reduce the 
noise caused by the cars running over the lines. 


TEA AND COFFEE PRODUCTION IN 
ANNAM AND MADAGASCAR. 


Recent reports by the French Bureau of Foreign 
Commerce contain statistics relating to the tea and 
coffee industry of the Protectorates of Annam and 
Madagascar. The year 1894 was the first im which 
tea from one of her colonies was offered in France. 
In that year 7,500 pounds were received from Annam. 
In 1896 the receipts increased to 10,296 pounds; in 
1897 to 13,000 pounds, In 1898 the imports of tea 
from Annam into France were 42,262 pounds. The 
figures for 1899 are not yet available, but it is esti- 
mated thaa the exports will not be less than 14,000 
pounds. Up to 1892, Annam tea was cultivated only 
for use among the natives, and the proposition to 
cultivate it for European consumption seemed a 
chimera. But the consumption of tea in France was 
increasing very rapidly. From 1,447,635 pounds 
consumed in 1892, the quantity rose to 1,794,832 
pounds in 1898, and it is believed to have increased 
by nearly another 100,000 pounds in 1849. The supply 
was almost entirely from China and Ceylon. The tea 
from Annam is said to equal the finest article produced 
in China. It is in very general use in the French 
army in Annam, and it is believed to be only a ques- 
tion of time when it will meet the entire demand in 
France. The production is daily increasing. The 
old colonists are going into the business of growing 
tea, finding it more profitable than any other occupa- 
tion. The production of coffee on the eastern coast 
of Madagascar is expected to soon develop into 
important proportions. In the past it has been 
insignificant, but the French Government has pub- 
lished figures showing that in a short time an esti- 
mated crop of 713,000 kilogrammes (1,568,000 
pounds) may be looked for. The receipts of coffee 
from all the French colonies in 1899 were only 
963,000 kilogrammes (2,118,000 pounds). 


SPANISH IRON INDUSTRY.—From the statistics 
of the iron and steel industries of Spain for 1899 it 
appears that the iron and steel works produced 
113,071 tons of pig-iron, 40,332 tons of wrought 
iron, 112,982 tons of steel, and 2,802 tons of wire. 
The total value at the place of production of the 
mining and metallurgical products of Spain is com- 
puted at £ 3,500,000 sterling, . 
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Notices. 
S 


LECTURES ON POLYPHASE ELEC- 
TRICAL ENGINEERING. 


The Council have arranged for a course of 
special lectures on ‘‘ Polyphase’ Electrical 
Engineering ’’ to be given by Mr. Alfred C. 
Eborall on the following dates:—April 26, 
May 3, 10, 17. The subject is one of very 
great interest in connection with the develop- 
ment of electric railways and other applica- 
tions of electric power; and the Council 
believe that members will be glad to have 
placed at their disposal the latest information 
on the subject by one who has made a 
special study of it, and is recognised as an 
authority. 

The conditions of admission to the lectures 
will be the same as for the Cantor series, each 
member, besides his personal admission, being 
entitled to give one ticket to a friend. A 
limited number of tickets will also be given to 
genuine students of the subjects. For these ap- 
plication should be made to the Secretary. 


JUVENILE LECTURES. 


On Wednesday afternoon, 2nd inst., Mr. E. 
WALTER MAUNDER, F.R.A.S., delivered the 
first lecture of his course addressed to a 
juvenile audience, the subject being ‘‘ Eclipses.” 
The lecturer commenced by saying that the 
astronomer was in search of a shadow, and he 
pointed out how the earth is more favourably 
situated in the matter of eclipses than are the 
other planets in the solar system. Millions of 
years ago the moon was nearer the earth, and 
so appeared larger than it is now, and in 
millions of years to come it will be farther 
away and therefore too small to cause a total 
eclipse of the sun. 

He exhibited a map of the world showing 
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the tracks of the sun in total eclipse since 
1842, from which it was seen that the larger 
portion of the tracks were over seas, so that 
it often became a great difficulty to find a 
satisfactory station for observing the eclipse ; 
thus in 1883 the path passed over the Pacific 
Ocean, but by great good fortune there was a 
coral island in the Pacific where the astronomers 
were able to fix their instruments. Many of 
the positions suitable for observation were very 
unhealthy, and often the observers were dis- 
ficured by the bites of mosquitoes. In one case 
in the island of St. Joseph (French Guiana) 
during the eclipse of 1889, Father Perry was 
warned not to be out after dark, and he ans- 
wered that his duty called him to work at night. 
He went steadily through his task and suc- 
ceeded in observing the eclipse, but when all 
was completed he went back to his ship to dic 
—a victim to duty. 

The lecturer showed pictures of the chief 
places where eclipses had been observed of 
late years from Lapland and Norway in the 
North to India in the South. He also showed 
photographic views of changes that took place 
during the period of eclipse up to totality, and 
illustrated the varied forms of the corona at 
the different eclipses. He pointed out the 
extreme interest of observation of the corona 
and the red prominences. Particular attention 
has only been directed to the corona for about 
forty years, and taking into consideration the 
short space of time of totality when only it can 
be observed, there was in all not more than 
one hour’s observation during the whole 
period. 

The second lecture of the course will be 
delivered, on Wednesday afternoon, the goth 
inst., at 4.30 p.m., when Mr. Maunder will 
deal more fully with the phenomena of the 
corona. 


| EXAMINATIONS. 


In the Time Table for the next Examinations, 
the examination in type-writing in both grades 
is set down for the evening of Wednesday, 
March 20. It has been represented that it 
will be difficult at many centres to provide the 
necessary number of instruments for the two 
examinations on the same evening, and, there- 
fore, it has been decided to alter the date for 
the examination in the Preliminary Grade 
(Grade I.), and to take it on Monday, March 
18, on which evening the Preliminary Ex- 
amination in arithmetic and German will also 
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be held. The general examination in type- 
writing (Grade II.) will be held on Wednesday, 
March 20, as announced. 


ee 


FEXITIBITION OF MODERN 
ILLUSTRA TION. 


It has been found necessary to postpone the 
opening of the Exhibition of Modern Illustra- 
tion in the Indian Section (Imperial Institute- 
road) of the Victoria and Albert Museum, from 
Monday, 7th of January, until Monday, the 
14th of January. The private view will con- 
sequently take place on Saturday, the 12th 
January, instead of the 5th January as pre- 
viously announced. 

The Exhibition will be open free every day: 
—on Mondays, Tuesdays, and Saturdays from 
10 a.m. till 10 p.m. ; on Wednesdays, Thurs- 
days, and Fridays from 10 a.m. till 4 p.m.; 
and on Sundays from 2 p.m. till dusk. The 
Exhibition will remain open about three 
months. 


LIST OF MEMBERS. 
The new edition of the List of Members of 
the Society is now ready, and can be obtained 
by members on application to the Secretary. 


COVERS FOR F¥OURNATL. 


For the convenience of Members wishing to 
bind their volumes of the Journal, cloth 
covers will be supplied post free for 1s. 6d. 
each, on application to the Secretary. 


Proceedings of the Society. 
Sia eed 
CANTOR LECTURES. 
ELECTRICAL OSCILLATIONS AND 
ELECTRIC WAVES. 
By Dr. J. A. FLEMING, M.A., F.R.S., 


Professor of Electrical Engineering in University College, 
London. 


Lecture Il.—Delivered December 4th, 1900. 
ELECTRIC RESONANCE. 

Your attention was drawn in the last lecture 

to the fact that the electrical oscillations set up 

in a lowresistance discharge circuit connecting 


the surfaces of a Leyden jar have a frequency 
(N) expressed by the formula :— 


3 x 19010 


2x, /LC 


where T, is the inductance of the circuit in 
electromagnetic measure, and C the capacity 
of the jar in electrostatic units. 

You are no doubt perfectly familiar with that 
great generalisation of Faraday’s, in which he 
formulated the view that every case of electric 
charge is similar in nature to the charge of a 
condenser or Leyden jar. It is impossible to 
communicate to a conductor a charge, say of 
positive electricity, unless to some other body 
or bodies there is given an equal charge of 
negative electricity. 

Accordingly, an electrically-charged and 
insulated sphere placed in a room forms with 
the walls of the room, which carry an equal and 
opposite charge, a condenser or Leyden jar, 
and the energy of that charge resides, as we 
now know, in the dielectric or space between 
them. 

In the same manner, if we have two spheres 
or conductors, one connected with one terminal 
of the secondary circuit of an induction coil 
and the second with the other, we have, when 
these conductors are oppositely charged, a 
system of lines of electric strain stretching 
from one conductor to the other. 

Every case of electric charge is therefore an 
instance of some form of Leyden jar or con- 
denser. If we discharge a charged conductor, 
say by presenting the knuckle to an insulated 
charged sphere, when we ourselves are stand- 
ing on the ground, a small spark passes, and 
that spark is, as we have seen, a line in the 
air along which the air has become conductive. 
Accordingly, this is equivalent to connecting 
the coatings of a charged Leyden jar by a very 
short conductor, and we have all the conditions 
requisite for setting up electrical oscillations. 
Such a discharge spark is therefore in most 
cases an oscillatory spark, and the charge of 
the conductor does not disappear at once but 
alternates, being first positive and then nega- 
tive, but decreasing in quantity at each 
alternation of sign. 

We might, if it was worth while, represent 
the electrical history of the charged sphere 
during discharge by a kinematograph slide, — 
which would show the decrescent and alter- 
nating charges. 

The interval of time between two successive 
charges of the same sign is called the ‘‘ time 
period ” or osczllation period of the conductor. 


Every conductor thus has a natural oscillation 
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period. We can of course make a forced 
oscillation of any period, just as we can take 
hold of a pendulum or spring and force it to 
vibrate, whilst controlling it at any required 
frequency, but if we give it an impulse and 
leave it to itself, it settles down after a short 
time into oscillations which have a frequency 
determined by the inertia and elastic control 
of the vibrating body. 

What is true in the case of a mechanical 
vibrator is true electrically of every conductor 
or conducting circuit ; it has a natural free 
period of electrical oscillation determined by 
its geometrical form and the nature of the 
surrounding medium,—in other words by its 
inductance and capacity. 

Suppose for instance we take the case of a 
conducting sphere and create a disturbance of 
its charge by bringing near to it another 
electrified body, or as above explained by 
discharging the sphere when charged and 
insulated. 

The mathematical investigations to deter- 
mine the free periodic time of oscillation of the 
charge are not very simple, but they have been 
given by Prof. J. J. Thomson (‘‘ Recent Re- 
searches in Electricity and Magnetism,” 
p- 270), and he has shown that the electrical 
oscillation period # of a conducting sphere of 
radius 7 (in centimetres) is given by 


p en re i ae 
3 X 100/3 T 4,135 X 108 


Thus the time period of a free oscillation of 
the charge on a sphere of about 32 inches in 
diameter is one hundred-millionth of a second. 

If the earth as a whole be considered as a 
charged sphere, its electrical time period is 
about 1-6th of a second, and that of a sphere 
the size of the sun, 16$ seconds. 

Professor J. J. Thomson has also calculated 
the time period of oscillation of two concentric 
spheres of nearly equal radii, one charged posi- 
tively and the other negatively. The ex- 
pression for the time period in this case is— 


Rr 2r r 
‘= SE 
3 X 10! 6756 X 108 
If we consider that the earth as a whole is 
charged, and that the complementary charge 
of opposite sign resides in the upper conducting 
layers of the earth’s atmosphere, then the 
natural time period of oscillation of this system 
would be 1-11th of a second. 

Now in connection with this part of the 
subject there is one point of great interest. 
Both theoretical and experimental research 
show that in the case of conductors of a certain 


form the electric oscillations die away with 
great rapidity. Thus, in the case of the 
sphere, Professor Thomson shows that the 
maximum amplitude of oscillation dies away 
to 1/e (e = 2.71828) of its original value in a 
time 27/V (where V = 3 X 10") of a second, 
that is in the time which light would take to 
travel over the diameter of the sphere. 

In the time occupied by one complete vibra- 

I 


2/V3 


original value, or to about 1/35th of its initial 
magnitude. Hence these electrical oscillations 
when set up in a sphere decay away very 
rapidly. The damping factor is large. This 
decay is not due to resistance but to the 
fact that the energy of the oscillations is 
expended in making electric waves, the study 
of which will occupy us in the last lecture. 

We find therefore that conductors of some 
forms radiate very well the energy of their 
oscillations, but in other cases the oscillations 
persist for a long time unless frittered away 
by resistance. 

An an example of the latter class of elec- 
trical vibrator, we may instance a nearly 
closed ring of metal. If oscillations are set 
up in such a circuit the charge may oscillate 
several hundred or thousand times before it 
comes to rest. In the case of a conducting 
sphere the disturbed charge hardly makes 
two oscillations before they practically cease. 
Hence we must classify electric circuits and 
conductors into good and poor oscillators, or 
into bad and good radiators. 

We must think of a good electrical radiator 
as analogous to a small hot body having a 
large surface covered, say, with lamp-black. 
It radiates its heat very quickly and cools 
rapidly. A poor electrical radiator or per- 
sistent oscillator is, on the other hand, ana- 
logous to a large hot body having a surface 
of polished metal and radiating therefore 
very slowly. 

Generally speaking, we may say that open 
circuits such as rods, spheres, ellipsoids, &c., 
are good electrical radiators, but nearly closed 
circuits such as rings and loops of wire are 
bad radiators. In all good radiators elec- 
trical oscillations set up are damped out very 
quickly, not by resistance dissipating the 
energy as heat, but by electrical radiation 
removing it as wave energy.* 


tion the amplitude falls to of its 


* See a note on the Decrement of Electrical Oscillations, 
by M. V. Bjerkness. Comptes Rendus, June 22nd, 1891; 
or Electri ian, vol. 27, p. 302. 
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Another case of importance, as we shall see 
subsequently, is that of a conductor formed of 
two spheres connected by a straight wire. 
This, from the resemblance to a familiar object, 
is called a dumbelé radiator. 

If the capacity of either sphere is C, then 
the capacity of two spheres in series is C/2, 
and if we may neglect the capacity of the 
wire, then assuming that the inductance, L, is 
wholly in the wire, and the capacity, C/2, 
wholly in the spheres, we have as the expression 
of the time of vibration, 7, where— 


(Hane Sa 1CL 


It is important to note that the capacity of the 
spheres is to be reckoned in series, and that we 
are concerned with the capacity of both of 
them. In one of his investigations Hertz, who 
first used this form of radiator, omitted to 
notice this fact, but it was pointed out sub- 
sequently by Prof. Poincaré. 

The expression for the time of vibration of 
the dumbell radiator becomes more compli- 
cated if we take into account the variation in 
the value of the inductance of the wire which 
takes place by reason of the concentration of 
the current at the surface. As, however, the 
full mathematical treatment of the problem in- 
volves some considerable complexities, those 
who are desirous of further detailed information 
may be referred to Prof. J. J. Thomson’s book, 
“ Recent Researches in Electricity and Mag- 
netism,’’ p. 328, where a complete treatment 
of the subject will be found. 

We have in the next place to notice the 
effect of impressing upon a circuit an electro- 
motive force which is periodic and agrees in 
period with the natural time period of that 
circuit. 

Everyone is familiar with the effects of timing 
the impulses on a body capable of mechanical 
vibration so that they fall in with its natural 
vibration period ; we know that in this manner 
in a short time feeble but properly timed 
impulses can create vibrations of great ampli- 
tude. Acoustics furnishes us with numerous 
examples of the effect, such as the resonance 
effects produced when a tuning fork is held 
over a tall glass jar filled up to a certain height 
with water, thus forming a resonant air column 
of an appropriate length. Another instance 
of a similar kind is presented when we attach 
to the prong of a tuning fork a cord, the length 
and tension of which can be varied. It is 
found that under certain conditions as to 
tension the cord is threwn into vibrations of 


considerable amplitude. This occurs when 
the tension and length of the cord is so 
adjusted that its natural oscillation period 
agrees with the period of the impulses applied 
to it by the tuning fork to set it in vibration. 

A pretty application of this mechanical 
resonance principle is made in the instrument 
called ‘‘Campbell’s Frequency Teller,” used to 
determine the frequency of an ordinary alter- 
nating current. In this instrument the length 
of a steel spring is adjusted until its natural 
time period agrees with the period of the alter- 
nating current flowing in the coils of an electro- 
magnet which sets it in vibration by its periodic 
attractions. The principle here involved was 
suggested in 1899 by Professors Ayrton and 
Perry (see “ Laboratory Notes on Alternate 
Current Curcuits,’’ Proc. Inst. Elec. Eng., 
vol. xviii., p. 310). 

Electrical resonance effects have long been 
known in connection with low frequency alter- 
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C (UPPER DIAGRAM) REPRESENTS A CONDENSER 
OR CONCENTRIC CABLE, CLOSING THE CIRCUIT 
OF AN ALTERNATOR, A, THROUGH AN ĪNDUCTIVE 
CIRCUIT, LR. 


[The lower diagram represents the relative phase of the 
impressed, cffective, and condenser electromotive forces.) 


nating currents. To electrical engineers it is an 
exceedingly familiar fact that if an alternator 
is connected to a concentric cable, for a certain 
length of cable and frequency of alternation, 
the voltage between the two members of the 
concentric cable will become much greater 
than that which would exist between the 
terminals of the alternator if kept at the same 
speed and excitation and the cable removed 
(see Fig. 1). 

This exalting effect takes place to the 
maximum degree if the frequency N of the 
alternator becomes equal or nearly equal to 
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eL where C is the capacity of the cable 
in microfarads, and L the inductance of the 
circuit in henrys. 

Effects of this kind, very much misnamed 
“ Ferranti effects,’’ were found in connection 
with long concentric cables laid from Deptford 
to London. When the system of the London 
Electric Supply Corporation was first put into 
Operation, these cable effects were disussed 
and described by me in a paper on some 
‘“ Effects of Alternating Current Flow in Cir- 
cuits having Capacity and Self-Induction.’’ * 


FIG. 2. 
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In this paper were described also some experi- 
ments made at the works of Messrs. Siemens 
Bros., many years ago, in which a variable 
length of gutta-percha covered cable immersed 
in a tank was connected to an alternator 
through a transformer, the alternator being 
kept running at the same speed and excitation. 
The length of the cable was varied so as to 
alter the capacity of the system, and corres- 
ponding to a certain definite capacity the 
voltage across the alternator terminals rose 


* See “Journal of the Proceedings of the Institution of 
Electrical Engineers,” vol. 20, p. 362 (J. A. Fleming). 


very quickly from a normal value, which it 
would have had if the cable had been discon- 
nected, to an augmented value of about four 
times as great. This variation in voltage is 
shown by the curves in Fig. 2. 

Very similar effects were found by Hertz in 
the case of experiments which will occupy our 
attention later. In these experiments electrical 
oscillations were set up in a conducting rec- 
tangle, the circuit being open and terminated 
by spark balls. By varying the capacity of 
this circuit by attaching to its ends two 
parallel wires, Hertz found that for a certain 
length of these wires the sparking distance was 
a maximum, but that it diminished if the wires 
were either shortened or lengthened, in a 
similar manner. 

The sharpness with which this curve rises to 
a maximum is an indication of the fact that the 
increase of the amplitude of the electrical oscil- 
lations, due to electric resonance, only takes 
place when the tuning is fairly exact. 

We may tune one electric circuit to another 
either by varying the capacity of one circuit, 
as in the experiment just described, or by vary- 
ing the inductance. If it is desired to produce 
this last effect without varying the resistance, 
the most convenient way to do it is by forming 
the conducting wire into a spiral, the ends of 
which are connected to the plates of a con- 
denser. We can then, as already shown, vary 
the inductance of a circuit by bringing the 
turns of a spiral more or less together, and we 
can thus set up a state of electric resonance by 
making the time of free vibration of the circuit 
what we please within certain limits. 

In order that two electrical circuits may be 
“in tune” or sympathy with each other, it is 
clear that we have to adjust one or both so 
that the product of capacity and inductance of 
one shall either be equal to that of the other, 
or be some integer multiple of it. 

We have already seen that an electrical 
oscillation set up in a primary circuit can 
create by induction other electrical oscillations 
in a secondary circuit. It is easy to show by 
an experiment that this inductive effect is 
greatly enhanced if the secondary circuit is 
tuned tothe primary. ‘Thus, for instance, we 
may set up electrical oscillations as shown in 
the previous lecture, in a large circuit of wire 
wound on a square frame (see Fig.3). I place 
near this primary (P) a secondary circuit (S) 
of the same form, and insert one or more 
Leyden jars and an adjustable coil of wire; 
also a small incandescent lamp is employed 
to close the circuit. The secondary circuit 
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thus consists of a coil of wire in series witha 
condenser and a lamp as a current indicator. 

If the primary and secondary coil are within 
a short distance of one another then, as you 
see, even if the condenser and adjustable in- 
ductance are short circuited, the lamp lights 
up. We can, however, remove the secondary 
coil to such a distance that under the above 
conditions the carbon filament is no longer 
visibly incandescent, because the secondary 
oscillations are too feeble. We can then restore 
the light of the lamp by inserting the con- 
denser or Leyden jars in series with it, and 
making a suitable adjustment of the variable 
inductance coil. 


Mr. Marconi has made great use of elec- 
trical resonance in experiments he has been 
conducting during the last two years in 
developing his system of wireless telegraphy, 
and he has already achieved some very re- 
markable results in establishing independent 
wireless telegraphic communication between 
pairs of places in the same area, and yet 
entirely preventing interference between them. 

Thus communication was long ago estab- 
lished by the Marconi system for the Ad- 
miralty, between Portsmouth and Portland, 
two places about 65 miles apart in a straight 
line, and having hilts 800 feet high in the 
line of sight. Across this line of communica- 


FIG. 3. 


SECONDARY OSCILLATIONS SET UP IN A TUNED RESONANT CIRCUIT, S, BY OSCILLATIONS IN A 
PRIMARY CIRCUIT, P. 


The secondary circuit has now been tuned 
to sympathy with the primary circuit, and as 
a result the electromotive impulses created in 
it by the co-linked oscillatory magnetic field 
of the primary circuit are able to set up 
secondary circuits of much greater strength 
than if the secondary circuit had a time period 
different to the primary. 

Two such adjusted circuits are called re- 
sonant or sympathetic circuits, and this 


principle of tuning is of enormous importance |; 


in connection with the utilisation of electrical 
oscillations. Although easy to describe, it 
requires, however, great dexterity and skill 
to effect the required tuning; when once it 
is achieved and two circuits made perfectly 
resonant, it is exceedingly remarkable how 
very little change in the capacity of one cir- 
cuit entirely destroys its power of receiving 
electrical impulses from another circuit. 


tion and included in it there is another 30-mile 
Marconi circuit between stations at Niton, 
in the Isle of Wight, and Poole, near Bourne- 


FIG. 4. 
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mouth. These two lines, Portsmouth-Portland 
and Niton-Poole, cross each other at a not 
very great angle (see Fig. 4). By the employ- 


| ment of properly tuned receiving and trans- 
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mitting circuits Mr. Marconi has rendered 
these circuits quite independent of each other, 
so that no signalling which goes on between 
Poole and Niton interferes with or can be read 
on the Portsmouth-Portland stations. 

What has been done here can be carried 
out indefinitely, and the objections as to inter- 
ference of stations which imperfectly informed 
persons are in the habit of raising with regard 
to Mr. Marconi’s system of wireless tele- 
graphy, as a matter of fact no longer exist. 

It is important, however, to direct attention 
to one condition which must exist in order that 
well-marked resonance may take place. 
Resonance, whether mechanical, acoustic or 
electrical, essentially depends upon the accu- 
mulated effect of numerous properly timed and 
small! impulses. In order that we may have 
resonance effects produced it is necessary 
that the motive impulses shall not merely be 
properly timed, but be maintained. In other 
words, tuning cannot be produced unless the 
periodic impulses are kept up for some time. 
Accordingly if the electromotive impulses 
acting ona secondary circuit die away very 
quickly we have no longer the proper con- 
ditions for exhibiting resonance effects. To 
set a pendulum in vibration by puffs of air we 
must not only time the puffs properly, but keep 
on puffing for a considerable period. 

It is, therefore, clear that an electrical 
circuit which is a good radiator is not one 
suitable to act as the primary circuit of a 
resonant system unless it has a large store of 
energy to draw upon. 

As an illustration of the rate at which 
a good electrical radiator gets rid of its 
energy, we may take a case given by Hertz.* 
He considers a radiator consisting of two 

metallic spheres each 15 centimetres in radius 
connected by a wire 100 centimetres in length ; 
and in the middle of that wire is a spark gap 
of 1 centimetre. The spheres are supposed to 
be charged up to a difference of potential 
such that a spark passes across the gap and 
the electrical charge then oscillates. The 
difference of potential between the spheres 
at the moment of sparking is then about 
36,000 volts (see Fig. 5). Hence the total 
energy stored up in the system just before 
sparking, as electrostatic energy, 1s— 


a nn ee Ů 


it 9 X ion ioi of a Joule. 


Now Hertz shows that in the case of such a 


* “Electric Waves.” English translation by D. E. Jones, 
p. 150. 


radiator the loss of energy in each half oscil- 
lation is given by the expression— 

rQ?P « 

ois 
where Q is the charge of each sphere, Z the 
length of the connecting wire, and a is the 
wave length of the radiation, which in this 
case Hertz determined to be 480 centimetres. 
Hence the loss in energy by radiation in each 
half period is easily found to be 2400 ergs, or 
24/10° joules. Accordingly it is clear that 
after eleven half oscillations or five and a half 
complete periods, half the original store of 
energy will have been dissipated, and there- 
fore that at this rate ten complete oscillations 
cannot take place before the stored energy is 
practically all radiated. 

Since the wave length is 480 centimetres, 

and the velocity of propagation 3 X 10” centi- 
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metres per second, it follows that the time 
period is 1.6 hundred-millionths of a second. 
Hence in about 16 hundred-millionths of a 
second the radiator sends out energy equal 
to 54/10 of a joule. In other words it is 
radiating at a rate equal to nearly 45 horse- 
power. Hence in order to keep up this 
radiation without intermission the oscillator 
would have to be supplied with energy at 
the rate of nearly 25,000 foot -pounds per 
second from some source of energy. This 
is about equal to the energy furnished per 
second to 1,000 eight candle-power 100 volt 
incandescent lamps all fully alight at once. 
As a matter of fact, however, the methods 
already described only result in the production 
of intermittent trains or groups of oscillations, 
with comparatively long intervals of silence 
between them. 

The rate of decay or the damping in open 
circuit radiators has been discussed mathe- 
matically by many writers. M. Planck 
(Annalen. Phys. Chem. 63, 1 pp. 419-422, 
1897) has treated the case, just considered, 
of two spheres united by a wire of length. 
He has shown that the logarithmic decre- 
ment or the logarithm of the ratio of the 


° This result is confirmed by Dr. Larmor. Sce ‘‘ Aether 


and Matter,” p. 235. 
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amplitude of one vibration to the next is 
given by the expression— 
16x4 22 C 

3 A? 
where C is the capacity of the condenser or 
vibrating system, / the distance between the 
spheres or plates, and A is the wave length. 
Hence it is easy to show that to secure pro- 
longed oscillations or small damping, we 
must make use of large capacity or large 
inductance in the radiating circuit.* 

It becomes, therefore, important to con- 
sider how we can accumulate large stores of 
energy in a vibrator, which can be released 
as electrical oscillations. The energy stored 
up in any condenser is proportional to the 
capacity and to the square of the voltage 
or potential difference of the conductors. If 
we attempt to obtain large storage by using 
large capacity, we can only do so by in- 
creasing the wave length, and it is not always 
desirable to unduly enlarge the wave length. 

Hence it is best to gain energy storage by 
employing high-charging voltage. Here, how- 
ever, we meet with a difficulty. The voltage, 
to which we can charge when using an oscil- 
lator of the Hertz type, is determined by the 
length of the spark gap in the oscillator. It is 
found by experience that if we make this gap 
larger than one, or at most two, centimetres, 
the spark is generally non-oscillatory—that is 
the spark gap when the spark is passing does 
not become conductive enough or remain con- 
ductive long enough to permit electrical oscilla- 
tions to take place through it. Therefore, 
when using the Hertz radiator with spark balls 
of about a centimetre in diameter, we are 
limited in practice to a voltage difference 
between the two sides of about 30,000 volts. 

If we attempt to increase the capacity, when 
using an ordinary induction coil as the source 
of electromotive force, we find ourselves in 
another difficulty. Owing to the high resist- 
ance of the secondary circuit of the coil the 
whole electrical system has a very large time- 
constant; in other words, the coil cannot 
supply electricity fast enough to charge more 
than a small capacity up to the full voltage 
during the time the voltage exists. 

To overcome this latter difficulty it is 
necessary to employ a transformer with a 
secondary circuit of not very great resistance 
and yet capable of giving the required voltage. 
When this is done we find we have quelled one 
obstacle to success and created another. The 


* See also S. Lagergren ‘‘On the Damping of Resonators,” 
Annal. Phys. Chem. 64, 2p. 290, 1898. 
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attempt to charge and discharge a condenser 
connected to spark balls joined across the 
terminals of the secondary circuit of the trans- 
former results in the production of an alter- 
nating current arc or flame discharge which 
stops all alternations. It is necessary to get 
rid of this arc without interfering with the 
oscillatory discharge of the condenser. Many 
methods have been proposed for doing this ; 
one, due to Mr. Tesla, is to place the spark 
balls in a strong magnetic field, so that as 
soon as the arc is formed it is blown out mag- 
netically. Mr. Tesla has also described and 
patented a number of devices in which revolving 
contact breakers of various kinds extinguish 
the arc intermittently. In one of these a jet 
of mercury is made to effect the contacts 
by being discharged against a revolving 
metal disc carrying contact blades. (See 
Electrical Engineer, New York, 26, p. 477, 
1899.) 

Another and more effective method is to 
employ an air blast to blow out the arc inter- 
mittently. To achieve this result, the air blast 
must be vigorous and then the arc discharge is 
destroyed, but the condenser disrupture dis- 
charge remains. With a jet of carbonic acid 
at a pressure of 3 kilograms per square centi- 
metre (about 4o lbs. per square inch), it has 
been found that more than 100,000 sparks per 
second were obtained; with air at 3 Ibs. per 
square inch, about 10,000 per second. (See 
H. Abraham, Soc. Franc. Phys. Seances 2, p. 
70, 1899; also Comptes Rendus, 128, p. 991, 
1899.) 

The use of an air blast to destroy the con- 
tinuous current arc was suggested by Professor 
Elihu Thomson. 

A third plan which is satisfactory, at least 
for small transformers, and has been adopted 
by Mr. Leslie Miller, is to construct a closed 
magnetic circuit transformer having great 
magnetic leakage. In other words to put all 
the secondary winding on one side of the iron 
ring, and all the primary on the other. Hence 
the moment the arc is started the transformer 
attempts to send a large current, but then 
magnetic leakage causes the secondary voltage 
to drop and the arc is extinguished. 

A fourth plan devised by M. d’Arsonval 
(Comptes Rendus, 180, p. 1,049, April, 1900), 
is to employ a spark-ball arrangement in 
which the spark balls are periodically pulled 
apart by being carried on revolving arms. By 
this plan the arc is broken mechanically and 
by the air vortex produced. 

I have devised and put into practice a more 
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elaborate arrangement which is capable of 
creating very powerful and sustained oscil- 
lations. 

Using a glass plate condenser having a total 
capacity of about 1 microfarad, charging it to 
a voltage of 20,000 volts by means of a step- 
up transformer, and discharging it from 10 to 
20 times a second by means of a rotating 
discharger as above described, it is possible to 
produce persistent electrical oscillations of very 
considerable energy, each group of which is 
composed of at least 1,000, or possibly several 
thousand individual oscillations. 

Professor Elihu Thomson has described (See 
Electrician, vol. 44, p. 40, 1899) an appa- 
ratus which is likely to be of great use in 
converting the energy of a continuous current 
into high frequency and high potential 
oscillations. 

His apparatus consists of a continuous cur- 
rent motor which has on its shaft a pair of insu- 
lated rings connected to two opposite ends of a 
diameter of the armature circuit. From these 
rings can be drawn off an alternating current 
having a frequency of 25 periods per second. 
This is passed through a transformer and 
raised in pressure to 20,000 volts. This high 
pressure is employed to charge a series of mica 
plate condensers in parallel, the connection of 
the transformer to the condensers being made 
just when the electromotive force is a maxi- 
mum. The contact maker which does this is 
driven by the shaft of the motor, and this shaft 
also drives a commutator which causes all the 
condensers to be charged in parallel and then 
discharged in series. Hence we get an 
enormous multiplication of potential, and can 
discharge a condenser charged say to 200,000 
volts through a low resistance circuit. 

In this manner he creates an oscillatory 
spark discharge of considerable length, and 
representing avery high voltage combined with 
high frequency. 

Returning then to the consideration of 
electric resonance, I may exhibit here an 
experiment to illustrate the exact ‘tuning ” 
of two circuits together and a method of 
indicating it. 

On a wooden frame is wound 12 turns of insu- 
lated wire, and this circuit joins the outsides of 
two Leyden jars (see Fig. 6). The insides of the 
jars are connected to a pair of spark balls, and 
these to the secondary circuit of an induction 
coil. When the coil is set in action electrical 
oscillations are excited in the circuit. At a 
distance is placed a similar coil of wire and a 
pair of jars, the coil connecting the outsides 
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and the insides of the jars being nearly closed 
by a small spark gap. 

If the circuits are arranged as shown, then 
oscillations in one circuit set up sympathetic 
oscillations by resonance in the other. If in 
the second circuit we decrease the capacity by 
adding a third jar in series with one of the 
others, then the sparking in the receiving 
circuit stops. It can, however, be restored by 
increasing the inductance of the circuit. 

Hence we see that decreasing capacity can 
be compensated for by increasing inductance. 
This is in accordance with theory for the 
“note or ‘‘tune’’ of the system depends 
upon the product of its inductance and capacity, 
and therefore remains the same when one 
quantity is made to vary inversely as the 
other. Thus if we have two electrical systems 
each consisting of a capacity and an induc- 
tance in series denoted by C, L, and C', and 
L!, then these systems will be in resonance or 


Co-RESONANT CIRCUITS. 


in sympathy or tune if the product C L is equal 
to the product C! L’. 

It is extraordinary how little variation of 
capacity willin some cases upset the “tuning.” 

A striking experiment in electric resonance 
has been described by G. le Bon (‘‘ Revue 
Scientifique,’’ 11, p. 513, 1899, or ‘‘ Science 
Abstracts,” 1899, vol. 2, p. 671). By means 
of an induction coil, spark gap, two Leyden 
jars, and connecting coil of wire, oscillations 
are set up in the coil as already shown. From 
the end of the solenoid or coil two wires are 
led, one of which is connected to the bottom 
end of a second special coil, and the other to 
some point in the coil found by trial. The 


` upper free end of this second coil is furnished 


with a sharp point. When the proper points 
of attachment have been found, it is seen that 
a vigorous ‘‘electric brush” starts from the 
sharp point. This is due to sympathetic 
oscillations set up in the second coil by 
properly adjusting its length so as to tune 
it to the primary coil. 
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Another interesting phenomenon in which 
electric resonance or tuning plays an important 
part is that of the establishment of stationary 
electrical oscillations in open wire circuits. 

Let a double condenser be formed by placing 
four sheets of tin foil between sheets of glass or 
ebonite (see Fig. 7). Suppose the two inner 
plates connected to a pair of spark balls and to 
the secondary circuit of an induction coil, and 
the outer plates connected to two long insulated 
wires placed say six inches apart. When the 
induction coil is set in action the inner plates 
form a condenser which discharges with 
oscillations. The potentials of the two outer 
plates are therefore raised and lowered with 
great frequency ; hence the wires connected to 
them are subjected at one end to very rapidly 
varying electromotive force, and if they are 
properly adjusted as to length and distance 
apart, we have set up in them stationary 
electrical oscillations. These consist of high 
frequency currents in the wires, but determined 
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ARRANGEMENT OF LECHER CIRCUIT. 


by the condition that at the open or free end of 
the wires the currents must be zero, but the 
potential variation may be a maximum. 

The peculiarity of these stationary oscilla- 
tions is that we may have a current in one 
part of the wire which is in the opposite 
direction to that in another part, and in be- 
tween we may have a place where there is no 
current at all. This can be detected by en- 
circling the wire with a small insulated coil of 
very fine platinum wire which forms part of one 
arm of a Wheatstone’s bridge. Any heating 
of this platinum wire upsets the balance of the 
bridge and creates a deflection of the bridge 
galvanometer. The platinum wire becomes 
heated when in such a position on the long 
wire that at that point current oscillations 
exist. This bolometer arrangement is a means 
of detecting a localised current in a wire by 
the heat it there creates. 


This method of detecting stationary current 
oscillations in a wire has been put into practice 
by Rubens, Paalzow, Ritter, Arons, and others, 
and is described at length by Prof. J. J- 
Thomson in his book, ‘‘ Recent Researches in 
Electricity and Magnetism,” p. 461. See also 
Wied. Ann., 1899, vol. 37, p. 529; 1890, vol. 
40, p. 55; 1891, vol. 42, pp. 154, 581. 

Measurements made with the bolometer in 
the above manner show that the electric im- 
pulses applied to the end of the wires excite 
the free vibrations of the wire in such fashion 
that the length of the wire is either equal to 
one complete wave length of current or to an 
odd integer multiple of the wave length. 

If the circuits are arranged as shown in the 
upper of the two diagrams in Fig. 7, which is 
commonly known as the Lecher arrangement, 
and if the two wires attached to the secondary 
plates have a vacuum tube joined across their 
open ends, we can show a pretty resonance 
experiment as follows :— 

Place a metallic wire as a bridge across the 
two parallel wires, and move it about. We 
can find a position in which the vacuum tube 
is alight even when the long wires are thus 
short circuited. This happens when the two 
separate circuits so formed are in resonance 
with each other. 

It is impossible to leave the subject of electric 
resonance without making reference to one 
important region of fact in which electric 
resonance is possibly the key to the physical 
explanation. In the next and last lecture your 
attention will be directed to some of the 
evidence that what we call Light consists in 
the propagation through space of electric and 
magnetic force, and that along the path of a 
ray of light there is a distribution of electric 
force periodic and cyclic in space as well as in 
time. 

One of the most familiar optical phenomenon 
is that of ‘‘ absorption.” A substance may be 
very transparent to rays of one frequency, but 
perfectly opaque to those of another. 

Consider now an electric circuit tuned to one 
particular frequency. Let us suppose that it 
is subjected to inductive impulses of very 
various frequencies, all acting upon it at once. 

From what has already been explained it 
will be clear that the receiving circuit will pick 
out and respond to the particular frequency of 
oscillation to which it is tuned. lt can also 
be shown that such a system must be opaque 
to the impulses to which it responds. 

Imagine a single resonator consisting of a 
circular wire suspended in space ; let magnetic 
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flux be inserted into this circuit so as to create 
in it an electromotive force and an electric 
current (see Fig. 8). A little consideration will 
show that the direction of the magnetic force 
due to the current set up in the resonator is 
such as to tend to annul or destroy the 
magnetic force which gave rise to it by its 
insertion into the circuit. 

If, then, we imagine a wall composed of such 
circular resonators, all placed with their planes 
perpendicular to the wall, and if we furthermore 
imagine a period magnetic force parallel to the 
plane of the wall and perpendicular to the 
plane of each resonator, to operate on the 
resonators, it will be evident that each resonator 
will have induced in it a current which will 
produce a magnetic force exactly annulling at 
the centre of the resonator the external mag- 
netic force which gave use to it. It is then 
possiole to show that if this impressed mag- 
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INDUCED AND INDUCING MAGNETIC FIELDS IN 
CASE OF A MAGNET AND CIRCULAR CIRCUIT. 


netic force is rapidly periodic, and due to an 
electric wave impinging on the wall of resona- 
tors, then the resonators will themselves emit 
electromagnetic waves which will, at all places 
beyond the wall, neutralise the action of the 
incident wave. 

In this way we can produce an electro- 
magnetic model of a wall which is opaque to 
waves of a particular frequency. 

If, then, for a moment we anticipate matters 
to be considered in the last lecture, and take it 
as highly probable that what we call a ray of 
light is a periodic change in space and time of 
magnetic and electric force along the line of 
ray, and if we may assume that atoms or mole- 
cules are, for present purposes, equivalent to 
receiving and resonant circuits, it is clear 
that the phenomena of absorption—whether 
general, as.jn opacity, or special and limited, 


as in the absorption bands in the spectra of 
certain solids, liquids, and gases—may be an 
instance of electric resonance. 

Any electrical theory which is to explain 
absorption must, however, deal with the con- 
nected phenomena of abnormal dispersion and 
that variation of the refractive index on either 
side of an absorption band which is charac- 
teristic of optical absorption. 

An attempt to base a theory of optical 
absorption on electric resonance has been 
made by G. Sagnac (see Soc. Franc. Phys. 141, 
p. 3, 1900; or ‘‘ Science Abstracts,” vol. iii., 
p. 527), and any complete electromagnetic 
theory of light must include as part of it a 
consideration of that limited opacity of bodies 
to certain luminous radiations which is such 
an important department of optics. 


Obituary. 
— 


LORD ARMSTRONG, C.B., F.R.S.—By the death 
of Lord Armstrong, which took place on the 27th of 
December, the Society loses one of its very oldest 
members, elected as far back as 1854. Born in 1810, 
Mr. W. G. Armstrong was in early life a solicitor. 
He had, however, always a tendency to scientific 
investigation of a practical nature, his earliest inven- 
tions being a rotary hydraulic motor, described in 
1838, and the hydro-electric machine, 1840. The 
latter machine was examined by Faraday, but never 
camc into practical use, though it offered at the time 
the most powerful available means of generating 
electricity. It, however, gained him the Fellowship of 
the Royal Society in 1846. The hydraulic motor 
was the first of a number of hydraulic inventions 
which rendered the name of Armstrong illustrious 
and its possessor wealthy. The crane which was set 
up on the Newcastle quay had many successors, first 
at Liverpool and afterwards all over the world; 
while the invention of the accumulator enabled 
hydraulic power to be employed in any situation, 
instead of, as at first, only in places where there 
was a natural fall, or where water could be supplied 
under pressure from a reservoir. It was for the 
development by him of the transmission of hydraulic 
power that the Society of Arts gave him the Albert 
Medal in 1878. 

Lord Armstrong’s name will also always be famous 
for his improvements in ordnance. He was the first 
to build up guns by shrinking external coils on an 
inner tube itself constructed of a welded coil, and to 
build heavy breech-loading guns with rifled barrels. 
For a few years, from 1858 to 1863, Sir William 
Armstrong (as he was then) held an official position 
as Engineer of Rifled Ordnance; but before and 


since those dates he was connected with the great 
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COLONIAL SECTION. 

Tuesday afternoons, at 4.30 o’clock :— 

JANUARY 22.—“ The Commonwealth of Aus- 
tralia.” By the Hon. SiR JORN ALEXANDER 
COCKBURN, K.C.M.G., Agent-General for South 
Australia. The RiGgHr HON. JAMES Bryce, MLP., 
will preside. 

APPLIED ART SECTION. 

Tuesday evenings, at 8 o’clock :— 

JANUARY 15.—“ Cameos.” By CYRIL DAVEN- 
PORT, F.S.A. A. S. Murray, LL.D., will preside. 

CANTOR LECTURES. 

The following courses of Cantor lectures 
will be delivered on Monday evenings, at 8 
o'clock :— 

J. LIBERTY TADD, ‘‘ Elementary Art Educa- 


firm at Elswick, which was founded by himself and 
his associates. 

He was President of the Institution of Civil 
Enginecrs, of the Institution of Mechanical En- 
gineers, and of the British Association. Although 
he was a member of such old standing, his 
association with the Society of Arts was never very 
intimate. He was a Vice-President in 1864-1865, 
and on one occasion, in 1857, he took the chair at a 
meeting when a paper on “The Application of Ma- 
chinery in the War Department,” was read by Mr. 
John Anderson, Inspector of Machinery at the Royal 
Arsenal. 


General Notes. 


————<——__—— 


EXAMINATIONS.—The directors of Kodak, Limited, 
have announced to their employés that they will 
grant additional pay to the extent of five shillings a 
week to any of their number who may obtain a 
certificate for Proficiency in Commercial Knowledge 
from the Society of Arts, or a certificate in the 
Commercial Knowledge Examinations of the London 
Chamber of Commerce, and a further five shillings 
for technical knowledge shown by the acquisition of 
a certificate in the examination for Photography of 
the City and Guilds of London Institute. 


MEETINGS OF THE SOCIETY. 
ORDINARY MEETINGS. 


Wednesday evenings, at Eight o’clock :— 


JANUARY 16.—‘ Photography of Natural Colour 
by the McDonough - Joly Process.” By H. 
SNOWDEN WARD. 

JANUARY 23. — “The Proposed High - Speed 
Electrical ‘ Monorail’ between Liverpool and Man. 
chester.” By F. B. BEHR. SiR WILLIAM PREECE, 
K.C.B., F.R.S., will preside. 

JANUARY 30.—“ Evolution of Form in English 
Silver Plate.” By Percy T. MACQUOID. 

FEBRUARY 6.—‘‘Some Experiences of Motor 
Bicycles.” By JOSEPH PENNELL. 

FEBRUARY 13.—‘‘ Arsenic in Beer and Food.” 
By WILLIAM THOMSON. 

FEBRUARY 20.—‘‘Some Features of Railway 
Travelling, Past and Present.” By FREDERICK 
MCDERMOTT. 

FFBRUARY 27.—“ The Outlook for the World’s 
Timber Supply.” By Dr. W. ScHLICcH, C.I.E. 


INDIAN SECTION. 


Thursday afternoons, at 4.30 o’clock :— 

JANUARY 17.—‘“ Metalliferous Mining in India.” 
By Dr. Joun W. Evans, D.Sc., LL.B., F.G.S., 
formerly State Geologist and Chief Inspector of Mines 
in Mysore. SIR WILLIAM LEE-WARNER, K.C.S.I., 
will preside. 


tion.” Four Lectures. 
January 14, 21, 28; February 4. 


SPECIAL LECTURES. 
Friday evenings, April 26, May, 3, 10, 17 :—- 
ALFRED C. EBORALL, A.I.E.E., ‘‘ Polyphase 
Electrical Engineering.’’ 


MEETINGS FOR THE ENSUING WEEK. 


Monnpay, JAN. 7...Chemical Industry (London Section), Bur- 
lington-house, W.,8 p.m. 1. Mr. Oscar Guttmann, 
“The Early Manufacture of Sulphuric and Nitric 
Acids.” 2. Mr. W. Cullen, ‘‘Note on the so-called 
‘Heat Test’ for Explosives.” 
Victoria Institute, 8, Adelphi-terrace, W.C., 44 p.m. 
Rev. F. A. Walker, “ Hornets.’’ 
London Institution, Finsbury-circus, E.C., 4 p.m. 
(Juvenile Lectures.) Professor W. B. Bottomley, 
“ Flowers.” (Lecture IV.) 
Tugspay, JAN. 8...Royal Institution, Albemarle-strect, 
W.,3 p.m. (Juvenile Lectures.) Sir Robert Ball, 
“Great Chapters from the Book of Nature.” 
(Lecture VI.) 
Medical and Chirurgical, 20, Hanever-sq., W.,8} p.m. 
Civil Engineers, 25, Great George-street, S.W., 
8p.m. 1. Mr. Benjamin Hall Blyth, ‘ Glasgow 
Bridge.” 2. Mr. Walter James Doak, “ Railway 
Bridge over the Fitzroy River, at Rockhampton, 
Queensland.” 3. Mr. Leffert Lefferts Buck, “The 
Niagara Falls and Clifton Steel Arch Bridge.” 
Photographic, 66, Russell-square, W.C., 8 p.m. 
WEDNESDAY, JAN. 9..SOCIETY OF ARTS, John-street, 
Adelphi, W.C., 43 p.m. (Juvenile Lectures.) Mr. 
E. Walter Maunder, “ Eclipses.” (Lecture IT.) 
Geological, Burlington-house, W., 8 p.m. 
Royal Literary Fund, 7, Adelphi- ter., W.C., 3 p.m. 
Tuurspay, JAN. 10...Antiquaries, Burlington-house, W., 
8} p.m. 
Electrical Engineers, 25, Great George-street, S.W., 
8 p.m. i. Mr. W. M. Mordey, ‘* Capacity in 
Alternate Current Working,’ 2. Mr. John B. C. 
Kershaw, “ The use of Aluminium as an Electrical 
Conductor, with new observations upon the 
Durability of Aluminium and other Metals under 
Atmospheric Exposure.” 
Mathematical, 22, Albemarle-street, W., 8 p.m. 
Fripay, JAN. 11.—Civil Engineers, 25, Great George-street, 
S.W., 8 p.m. (Students’ Meeting.) Mr. Wilfrid 
Airy, ‘‘ Geodesy,” l 
Astronomical, Burlington-house, W., 8 p.m. 
Philological, University College, W.C., 8 p m. 
Clinical, 20, Hanover-square, W., 8} p.m. 
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All communications for the Society should be addressed to 
the Secretary, Sohu-street, Adelphi, London, W.C. 


Notices. 
R 


JUVENILE LECTURES. 


On Wednesday afternoon, gth inst., Mr. E. 
WALTER MAUNDER, F.R.A.S., delivered the 
second and last lecture of his course ad- 
dressed to a juvenile audience, the subject 
being ‘‘Eclipses.’’ The lecturer said that we 
did not know what was the composition of the 
corona, but observations had been made with 
the spectroscope on the prominences, which 
unlike the corona can be observed at all times. 
In some countries where the climate is more 
suitable for observation than that of England 
the prominences are observed from day 
to day. 

The corona had been photographed with 
great success at the various eclipses, but it 
had also been found advantageous to make 
eye observations as well. When artists were 
first employed to draw the corona it was seen 
that they separately drew different portions, 
so that each drawing was quite unlike the 
other, but when combined there resulted an 
accurate representation of what was really 
seen. This experience caused a division of 
labour by which each artist devoted his atten- 
tion to one portion of the corona, and this plan 
was quite successful. The lecturer further 
alluded to observation of sun-spots between 
which and the corona some connection is 
supposed to exist. 

After the exhibition of a series of lantern 
slides by the lecturer, Mr. Maskelyne showed 
in the kinematograph the whole course of 
an eclipse. 

The CHAIRMAN (Sir William Lee-Warner, 
K.C.M.G.) proposed a vote of thanks to Mr. 
Maunder for his course of lectures, which was 
carried unanimously. 


Proceedings of the Society. 


_—_—_— OS — 


CANTOR LECTURES. 


ELECTRICAL OSCILLATIONS AND 
ELECTRIC WAVES. 


By Dr. J. A. FLEMING, M.A., F.R.S., 


Professor of Electrical Engineering in University College 
London. 


Lecture JII.—Deliwered December ioth, 1900. 


THE ELECTROMAGNETIC MEDIUM. 


The fact that electric oscillations produced 
in one circuit can set up secondary oscillations 
in another circuit at a distance, forces upon 
our consideration, in the next place, the pro- 
blem of the nature of the machinery by which 
this effect is brought about. 

It is not necessary to occupy time in quoting 
the words of notable investigators of natural 
phenomena, from Newton to Maxwell, who 
have expressly stated their convictions that 
distance actions of this character compel us 
to make the hypothesis of an intermediate 
agency of some kind unless we are to take 
refuge in the bald assumption, repugnant alike 
to common sense as well as_ philosophic 
thought, that matter can act in a place where 
it is not. 

Descartes, Huyghens, Ampère, Fresnel, 
Henry, Faraday, Maxwell, and Hertz, suc- 
cessively laid the courses of a great edifice 
of evidence that physical changes produced 
by one body in another at a distance can only 
be due to actions taking place successively at 
contiguous points in an intermediate medium. 
Their teaching has compelled us to accept, as 
one of the cardinal tenets in the creed of 
science, some assumption of this kind as an 
indispensable basis for any intelligible expla- 
nation of the phenomena of electromagnetism 
or optics. Between subtle speculation or 
ingenious hypothesis, and that sober collection 
of evidence which science demands, a great 
gulf lies fixed, and it needed something more 
than the guesses of genius to place the suppo- 
sition of a special electrotnagnetic medium 
and its identity with an optical æther on a 
sufficient basis. That work began, however, 
when Clerk Maxwell took up the study of 
Faraday’s experimental researches, and endea- 
voured to discern whether the ideas of Faraday, 
which were then not in accord with current 
views, were capable of being translated into 
mathematical language and made the founda- 
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tion of a new method of regarding electrical 
facts. 

The publication in 1865 of Maxwell’s paper, 
‘A Dynamical Theory of the Electromagnetic 
Field,” marks a great epoch in the history of 
scientific thought.*. In that paper, Maxwell 
appropriated to clectromagnetism a generali- 
sation which the French mathematician, 
Joseph Louis Lagrange, had established in 
dynamics, connecting the kinetic and potential 
energies, the velocities and forces of the various 
parts of any system of connected moving 
bodies. Maxwell saw that in electric and 
magnetic actions we have Energy involved, 
and that this Energy takes two forms, clectro- 
static and electrokinetic, which have a close 
similarity to Energy of strain and motion. 
Moreover, the interconvertibility of all forms of 
Energy and the fact that we can evaluate them 
all in their equivalent of Motional Energy, 
indicates that all Energy is probably in the 
ultimate issue of the same nature. 

The systematic examination that has been 
made of the relations of the electric and 
magnetic quantities shows us that we can 
co-ordinate these in a scheme of related 
magnitudes, each of them corresponding to 
some well-known dynamical equivalent. Thus, 
corresponding to the fundamental dynamical 
quantities mass, velocity, acceleration, momen- 
tum, force, energy, and activity or power, 
we can place in contiguity such electrical 
quantities as inductance, current, rate of 
current change, total magnetic flux, electro- 
motive force of self-induction, current energy, 
and rate of dissipation of current energy. 
Also in parallel with mechanical quantities 
such as stress, strain, elastic yielding, strain 
energy, we can place electric and magnetic 
quantities such as electric and magnetic forces, 
displacement or magnetic flux, dielectric con- 
stant or magnetic permeability and electric 
or magnetic energy. 

We may,as Oliver Heaviside and other writers 
have shown, draw up many consistent schemes 
of analogy between mechanical and electro- 
magnetic quantities, but we must beware of 
falling victims to any one particular set of 
mechanical similarities. Analogies of this 
kind are often like mountain paths which 
begin in well-beaten routes, but sooner or 
later, if followed up too far, terminate in a 
barren region. There remains, however, the 


© Maxwell sent in this paper to the Royal Society on 
October 12th, 1864; it was read December 8th, 1864, and 
printed in the Volume of the Philosophical Transactions of 
the Royal Society for 1865, p. 419. 


fact that corresponding to two well recognised 
forms of mechanical energy—namely, motional 
energy measured by half the product of momen- 
tum and velocity, and configurational energy 
measured by half the product of stress and strain 
—we have a duplex system of clectric and mag- 
netic quantitics, which are for the most part 
circuital or manifested in circuits. Thus we 
have fwo circuits, the Electric and Magnetic ; 
lwo physical effects produced in these, #/ec- 
tric Strain or Displacement (D) and Mag- 
netic Flux (F); two Agencies producing 
these effects, electric and magnetic force ; 
fwo specific physical qualities of the cir- 
cuits corresponding thereto, namely, Dze/ec- 
tric Constant and Magnetic Permeability, 
or as Mr. Oliver Heaviside calls them, per- 
mittivt/y and inductivity; also fwo lrne in- 
fegrals of electric and magnetic force called 
Voltage (V), and Gaussage (G); two forms 
of energy, electric and magnetic; and fwo 
corresponding forms of activity or rate of 
change. 

Moreover, we have a curious interlinking 
of these quantitics when circuital, best ex- 
pressed by “wo circuital /aws which sym- 
bolically and in rational units are stated as 
follows :-— 


- F =V and D =G. 


The first of these equations is merely the 
symbolical expression of Faraday’s law, that 
the electromotive force or line integral of 
electric force round any circuit is numeri- 
cally equal to the time rate of decrease of the 
magnetic flux through it; and the second is 
the simplest expression of Maxwell’s principle 
that the time rate of change of electrical 
displacement through any circuit is measured 
by the gaussage or line integral of magnetic 
force round the circuit. 

In cases when the circuits are formed of 
certain kinds of matter we have also to intro- 
duce two other conceptions, namely, electric 
current and magnetisation which are pro- 
duced when the two circuits possess conduc- 
Lity or susceptibility, and when these quali- 
ties are present the fundamental equations 
take a more general form as expressed by Mr. 
Oliver Heaviside in rational units, viz. :— 
~(F + M) = V and Q + D=G,* where M 
stands for magnetisation, and Q for a quantity 
of electritity moved non-elastically past any 


* The systematic formulation of these circuital laws as well 
as a fuller appreciation and elucidation of Maxwell's views 
have been assisted of late years in a remarkable degree by 
the writings of Mr. Oliver Heaviside, 
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section of the circuit, and the do£ over the 
symbol stands for its time rate of change. 

Out of this double-stranded system of inter- 
linked quantitics and their fundamental re- 


lations, it follows that in considering the | 
measurement of any one electric or magnetic | 
quantity we can arrive at the same point by | 
two paths, starting either from an electric or . 


magnetic definition. Thus, we may consider 


an electric current to be due to a series of | 


the numerical ratio of the two measurements 
when conducted in absolute or dynamical units 
gives us a number which it can be shown 
represents cither the geometric mean of K 
and a viz.: ,/ Ku or its reciprocal 1/,/ Ku or 
their squares Ku and 1/Ky. In other words it 
gives us a numerical value for the product of 
these two quantities, but it does not tell us 
their individual values for any medium. 

An immense number of investigations of the 


TABLE I.—TABLE OF OBSERVED VALUES OF Y IN CENTIMETRES PER SECOND. 


Year. Name a Plessis es lz in ee 
| tity measured, per second, 
1856 Weber and Kohlrausch...... Electrodynamische Maasbestimmungen | Quantity 37107 X 10! 
| and Pogg. Ann., XCIX., Aug. 10, 
TA = 1856 
ioes j Lord Kelvin and W. F. King} Report of British Assoc., 1869, p. 434; | Potential | 281 X 10!” 
and Reports on Electrical Standards, 
F. Jenkin, p. 186 
1868.. Clerk Maxwell.............. Phil. Trans. Royal Soc., 1868, p. 643 M 2'84 X r0" 
1872... Lord Kelvin and Dugald! Phil. Trans. Royal Soc., 1873, p. 409 i 2'89 X 10!" 
i McKichan 
1878.. Ayrton and Perry ..........! Joumal of the Society of Telegraph | Cap.city. | 2-94 X 10™ 
_ Engineers, Vol. VIII., p. 126 | 
1880.. Lord Kelvin and Shida...... | Phil. Mag., Vol. X., p. 431, 1880 .... | Potential. ' 2-955 X 10! 
1881.. Stoletow .................. Soc. Franc. de Phys., 1881 ........0. Capacity. 2°99 X 10!" 
1882.. F. Exner........... ENT ANT = Wien. Ber., 1882 1... .cce eee e ees we | Potential 292 X 10! 
1883. | J. J. Thomson ............ Phil. Trans. Royal Soc., 1883, p.707 | Capacity. | 2°963 X 101” 
1884..| Klemencic ...........0 000. ' Proceedings of the Society of Tele- 3 ' 3'019 X 10!” 
graph Engineers, 1887, p. 162 | 
1888 ..| Himstedt............ weeeee| Electrician, March 23, 1888, Vol. XX., a | 37007 X 10 
p. 530 | 
1888 ,.| Lord Kelvin, Ayrton & Perry! British Association, Bath; and Elec- | Potential. 2'02 X 10! 
trician, September 28, 1888 
- 1$88..| Fison .......ceeee cece cues Electrician, Vol. XXI., p. 215; and | Capacity. , 2'965 X 10 
| Proc. Phys. Soc. Lond., June 9, 1888 
1889...) Lord Kelvin .......... .0. | Royal Institution Lecture, Feb. 8, 1889 | Potential. | 3:004 X 10!” 
1889..| Rowland ............ 00000 Phil. Magi; 1880 sacewiwsanksesces Quantity. 2'981 X r0!” 
1889..| E. B. Rosa....... ETET Phil: Mag. 8880? cneceaices ak oe. ces Capacity. | 3°000 X Iu!" 
1890. | J. J. Thomson and Searle | Phil. Trans., 1890 cobrire cincai 2'995 X 10)” 
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successive discharges of electric strain by a 
conductor, or we may consider it to arise from 
the movement of a magnet to or from a ciosed 
conducting circuit. In the one case our 
measure of current involves the quantity K or 
the dielectric constant of the medium in which 
the electric strain takes place. In the other 
case it involves u, namely the magnetic per- 
meability of the medium which encloses the 
magnet and the circuit. 

In every case in which this double measure- 
ment of the same quantity can be carried out, 


last twenty years have shown that the product 
of Ky for air or good vacuum closely approxi- 


I 


mates to a value —~-——,, and the square root 
9 X Io" 


of the reciprocal of this number is denoted 
always by the symbol v. A list of the prin- 
cipal determinations of this unitary ratio called 
v is given in Table I. 

A glance at this Table shows that the nu- 


?? 


merical value ‘‘v’’ or of 1 J Ku for air or 
vacuum is identical with that of the velocity 
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of light through empty space when measured 
in centimetres per second. 

The question then arises: What is the 
physical meaning of this identity? It would 
be necessary to enter into a discussion involv- 
ing mathematical analysis of a rather com- 
plicated character, and little suited for a 
general audience, if we were to follow in detail 
Maxwell’s full investigations on this matter. 
Without, however, dealing with any very 
intricate symbolism, it will, I think, be 
possible to put you in possession of the out- 
ines of Maxwell’s arguments. Maxwell 
invented for the purpose of handling this 
subject a mathematical quantity he called the 
vector potential. 

To obtain an insight into the physical 
meaning of Maxwell’s conception of the vector 
potential, let us take a very simple and limited 
instance. Consider a straight conductor 
through which an electric current flows, the 
return conductor being at a considerable dis- 
tance (Fig. 1). It is well known that the lines of 


FIG. I. 


magnetic flux round such a circuit are circles 
embracing the wire with their centres on the 
axis and their planes perpendicular to the 
wire. Take two points on the wire a unit of 
length apart, and through these points draw 
two parallel lines at right angles to the wire 
and continue them to infinity. Let a plane 
pass through these lines. Then it is easy to 
see that the coaxial lines of flux will intersect 
this plane in a series of points. 

Let the dots in Fig. 1 represent these 
points at any place, draw two other lines ad, 
cd, parallel to the wire and very near together 
separated by a small distance. 

If we consider the current in this conductor 
as started suddenly into existence, we may 
either suppose that the lines of magnetic 
flux embracing it appear instantly in their 
places everywhere throughout space, or we 
may consider them to grow outwards from 
the wire like circular ripples when a stone 


is dropped on the surface of still water. 
Let us assume the latter to be the case 
and follow out the consequences. Imagine 
two observers to stand at the bounding lines 
ab, cd, and endowed with a kind of vision 
which enables them to see these points 
where the lines of flux intersect the plane. 
Then when the current is suddenly started 
they will see the circular lines of- flux 
expand outwards, and moving like a pro- 
cession down a street cut across the two 
parallel lines a4, cd. If the observers both 
took note up to any instant of the total 
number of lines which had crossed each 
boundary, the difference between the two 
numbers must represent the accumulations of 
lines of flux in the area ad cd. 

Maxwell’s vector potential in reality repre- 
sents the total number of lines of flux N 
reckoned from the starting of the current 
which would have crossed any boundary say 
ab. Hence it is clear that the difference 
between the values of N observed at the two 
stations (call it @N) is equal to the total 
flux at any instant included in the area 
abcd, or since aò is equal to unity, and 4d is 
equal, say, to 8x, we must have the relation 
between N and B expressed by the ecquation— 

Bix = —adN 

The minus sign is prefixed to dN because 
the number of lines of flux crossing cd is less 
than that crossing að, that is there is a decre- 
ment in N as distance reckoned from the wire 
increases. But the total flux in the area abcd 
is also changing with the time, and -its time 
rate of change is the measure of the electro- 
motive force acting round the circuit abcd, 
that is it is equal to the line integral of electric 
force round this boundary. 

If we suppose the lines að and cg to be 
metallic wires, then it is perfectly clear that as 
the lines of force cut across them they will give 
rise to electromotive forces in these conductors 
just as is the case when the inductors of a 
dynamo armature are moved through a mag- 
netic field and made to cut the lines. If we 
imagine the whole circuit, adcd, to be a 
closed metallic circuit, it can be shown that 
there will be a relation between the electro- 
motive forces set up in the sides, ad and cd, 
and the total magnetic flux at any instant 
linked with or passing through the area, 
abcd. 

As a preliminary problem let us first imagine 
the lines of flux of the straight current to be 
fixed in space and stationary in the position in 


which they would be when the current is 
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steady in the circuit. We know that under 
this condition the magnetic force, and there- 
fore the magnetic flux density, is greater at 
points nearer the wire than at a distance. In 
fact it varies very nearly inversely as the 
distance of the point from the conducting wire 
if the wire is straight and very long. Suppose 
then that the circuit, acd, consists of a wire 
rectangle, which is moved in its own plane 
towards the current carrying wire, and that 
the sides, ad or cd, are moved so as to remain 
parallel to the wire. Let V be the velocity 
with which the rectangle moves, let B be 
the flux density along the side ad. This 
flux is perpendicular to 2d, and to the direc- 
tion of motion, ad. We may conveniently 
take the length of ad to be one centimetre. 

Then the electromotive force set up in aé by 
its motion across the lines of flux of the field is 
equal numerically to the product BV, and 
since ağ = ı this is also the value of the 
electric force acting between a and J. Let us 
denote this electric force by the letter E ; then 
we have 

E = BV. 

Let the distance of ad at that moment from 
the wire be called x, and let the width of the 
rectangle dd be 8%, and let it be so moved 
that it passes over its own width 3x in a small 
time 8f. Then V = 82/8. 

Since the flux density B varies with +x, the 
electromotive force created in ad, and hence 
also the electric force E, will vary with x. 
But if the velocity of the rectangle is constant 
then the rate at which the electric force varies 
with x will be equal to the rate at which the 
flux density varies with x, or 


GE = V dB 
dx dx 


Again, since V = dxjdt or dx = Vdt we 
may write the above equation 


dE ıı dB 

. ae VO ae 
or gE y: 4B 

dt dx 


Hence the rate at which the electric force 
varies with time is equal to V* times the rate 
at which the flux density varies with space. 

The velocity with which the rectangular 
circuit moves may therefore be measured by 
the square root of the ratio of the time rate of 
change of the electric force along one side, to 
the space rate of change of the flux density or 
magnetic force in a direction at right angles. 

In the next place, suppose that instead of 
moving a wire rectangle we move in the same 
manner across the field a plane sheet of any 


ec rr C - M [lM - 


dielectric having a length equal to unity 
parallel to the straight conductor, and a 
width 3x (see Fig. 2). Let this dielectric 
have a dielectric constant K and a magnetic 
permeability ». Let us consider a part of this 
sheet of dielectric having a depth3z. When 
this prism is moved across the field of flux 
there is, according to Maxwell’s views, the 
same creation of electric force in it as in the 
case of the conducting wire moved parallel to 
itself across the lines of flux of the field. In 
the case, however, of the dielectric the electric 
force E expends itself in making what Maxwell 
called an electric displacement (D) in the 
same direction as the force E. The relation 
between D and E is expressed in rational units 
by the equation D = KE, or the displacement 
(through unit of area) is proportional to the 
electric force and to the dielectric constant. 


Fic. 2. 


Hence it follows that the time rate of change 
of the displacement is proportional to the time 
rate of change of the electric force or— 


It is convenient to denote the time rate of 
change of a quantity in Newtonian fashion by 
a dot placed over it, hence @E/d¢ = E. 
Therefore— 

dE __t 
d K 

Again, if we look at the block of dielectric 
end on as it passes across the field, we shall see 
that if B is the flux density parallel to the side, 
beld, then the flux density parallel to the side d f 
aB 


must be represented by 
bd = 8x. 

By fundamental definitions the flux density 
is equal to the product of the magnetic force 
and the permeability or B = „H, that is 
B/p = H. 

By Maxwell’s principle a change in the 
electric displacement is in magnetic cffect an 
electric current, and is accompanied by the 
production of magnetic force. In other words, 


8x, because 
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time rate of change of displacement is to be 
reckoned as an electric current. Hence by 
Maxwell’s circuital law the line integral of the 
magnetic force round the block in the direction 
befd must be equal (in rational units) to the 
total electric displacement parallel to aé or cd. 

It is easy to show that the line integral of 
magnetic force round Jdefd is expressed by 
the quantity— 


and that the total displacement through the 
same area is expressed by— 
Dt 8x ðs 
if D' is the displacement through unit of area. 
Hence we have— 


ap! _1 dB 
dt pdx 
dB : 
- =u DF, 
or dx p 


Substituting the values thus obtained for dE ‘d¢ 
and dB «x in the equation— 


dE, dB 
“di dx 
we arrive at the equality — 
I . ne 
g D=V “uD! 
D 
or Sav ks 


D! 


What then must be the relation between 
the actual velocity V of the prism of dielec- 
tric moved parallel to itself so that the time 
rate of change of the displacement due to the 
clectric force E created in it parallel to one 
side of the block or prism of dielectric is such 
as to be equal to the line integral of the actual 
external magnetic force perpendicular to the 
side. In other words, what must be the value 
of V in order that D in the above equation 
may be equal to D!. The answer is obviously 
that V must be equal to 1/,/ Ka. 

We have seen, however, that this last quan- 
tity is equal to the velocity of light in the 
dielectric, and accordingly if the shcet of 
diclectric is moved parallel to itself and at 
right angles to the direction of the flux with 
that velocity, the distribution of magnetic 
flux will be consistent with the distribution 
of electric displacement. 

But now suppose the block or sheet of 
dielectric stands still, and that the lines of 
flux move across it parallel to themselves with 
the constant velocity. 

A consideration of the circumstances then 
shows that the velocity must be such as to 


reconcile the two requirements, viz., that the 
time rate of change of the displacement pro- 
duced by the “ cutting ” of the lines of flux 
shall be equal to KV? times the space rate of 
shange of the magnetic flux, and so fulfil the 
two circuital laws. 

In order that this may be the case the 
velocity of the flux perpendicular to itself 
must be egual to 1/,/Ku centimetres per 
second or to the velocity of light in the 
dielectric. 

Even before the experimental evidence, 
which we shall review in the next lecture, 
was obtained, that magnetic flux moves with 
a finite velocity, the above relation constituted 
a powerful argument in favour of the belief 
that whatever might be the machinery con- 
cerned in the propagation of light through space 
or transparent media, it was also intimately 
connected or identical with that involved in 
the transmission of electromagnetic impulses 
from place to place with an equal finite 
velocity. 

It is needless to say that the above sketch 
is a mere outline of the form of Maxwell’s 
reasoning, but in its complete shape it formed 
the basis for a scientific conception and just- 
fiable theory that light itself is an electro- 
magnetic phenomenon. Optical facts afford 
abundant proof that along the path of a ray of 
light at contiguous points something having 
direction and magnitude is reversed from 400 
to 700 billion times a second, and that at 
places separated by distances from 1/40,000th 
to 1/70,o00th part of an inch the same opera- 
tions are being repeated at the same time. 
The fact that we can produce what we may 
call non-luminous electrically generated light 
or electric radiation, by processes to be con- 
sidered in the next lecture, and find experi- 
mentally an exact equality between the finite 
velocity of transmission of the electrical 
invisible and ordinary visible radiation is a 
sufficient warrant for the hypothesis that both 
ate identical affections of a medium which is 
one and the same. 

Accordingly, if we consider a current in 
a wire and the embracing magnetic flux have 
reached a steady state, and if we then imagine 
the current instantly reversed in direction, the 
field at a distance of 186,000 miles or 30,000 
million centimetres from the wire, would not be 
reversed until one second afterwards. 

Let us clearly notice that in this simple case 
we have two directed quantities with which we 
are concerned, the electric force (E) revealed 
by its creation of electric displacement parallel 
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to the wire or to 2d, and fhe magnetic force 
(H) producing magnetic flux perpendicular to 
the wire or to the line ab, and that the time 
rate of variation of E at any point is by funda- 
mental principles in a constant ratio to the 
space rate of variation of H in a direction at 
nght angles to that of E or along the direction 
of movement of the flux lines, that is of N. 
Hence E, H, and this last direction are all 
at right angles to each other, and the magni- 
tude of E and H are derived from the time 
and space variation of another quantity called 
the vector potential. Moreover, the mathe- 
matical relation between these two variations 
leads us to a differential equation involving N, 
which is of exactly the same type as that at 
which we arrive when investigating the pro- 
pagation of a sound wave or disturbance 
through the air down an infinitely long pipe. 
Hence it appears that this vector potential 
may be regarded as being propagated from 
place to place with a velocity equal to that of 
light. 

Maxwell came therefore to the conclusion 
that if magnetic flux is created in any place in 
a dielectric, it spreads outwards or extends 
itself through that dielectric with a finite 
velocity, being, so to speak, handed on from 
point to point, and does not appear instantly 
everywhere. It was not until more than 20 years 
after the first promulgation of these new ideas 
that they received, as we shall see in the next 
lecture, experimental confirmatian. Briefly 
speaking, the principal new conceptions in- 
volved were as follows: At any point in a 
dielectric we must consider that there are two 
possible operations of an electromagnetic 
nature. First we may have created at that point 
a physical state called electric displacement 
due to electric force. The production of this 
displacement involves an energy expenditure, 
and the energy per unit volume expended in 
making a displacement D by an electric force 
E is measured by 4ED or by KE? where K is 
the dielectric constant. If an electric dis- 
placement is changing with time then its time 
rate of change, represented by D, or dD/dé, is 
equivalent to an electric current and is accom- 
panied by the production of circuital magnetic 
flux round the displacement or at right angles 
to its direction, and the line integral of the 
magnetic force is equal (in rational units) to 
the rate of change of the displacement. 

The energy expended per unit of volume in 
making a magnetic flux B due to a magnetic 
force H is measured by 4BH or by uH? where 
« is the permeability of the medium. 
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Let us consider then the movement of a line 
of flux or sheet of magnetic flux parallel to 
itself through a dielectric, and consider what 
happens as it sweeps across a line drawn in the 
dielectric parallel to the sheet of flux and at 
right angles to its motion. The electric force 
per unit of length set up in this line is E, and 
as we have seen if V is the velocity of the flux 
sheet or line 

= VB = VaH 

where H represents the magnetic force along 
the sheet of flux, and the permeability of the 
diclectric. The electric force produced by the 
flux cutting across the line expends itself in 
producing displacement which vanishes as the 
electric force disappears. Hence the forward 
movement of the sheets of flux is accompanied 
by an equal movement of a sheet of electric 
displacement, the displacement being in a 
direction at right angles to the direction of 
the magnetic force and to the motion of the 
sheet of flux. 

An examination of the process of wave pro- 
pagation leads to the conclusion that at any 
instant the energy per unit of volume is half 
magnetic and half electric, or that in this 
case we have 

L KE = } p H? 


Combining the equation with the former one, 
viz. :— 

E = Vp H 
and we arrive by another path at the con- 


clusion that, 
Ve K = I 


or V = 1], /K p 


Hence the process by which magnetic flux 
is transferred from place to place is said to 
be a wave motion, and has an exact ana- 
logy to the process by which a sudden 
compression produced in the air or motion 
given to it is conveyed from one point to 
another. The air at any one point is alter- 
nately in a state of compression and motion 
corresponding to the electric displacement 
and magnetic flux. 

This close connection existing between the 
velocity of light in a dielectric and its two 
electric and magnetic constants cannot be a 
matter of accident. It argues a very close 
connection between the phenomena. 

Maxwell’s next step was to make a fresh 
deduction from this inter-connection. We 
know that light moves more slowly through 
any transparent body, say, water, than 
through empty space, as shown by actual 
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experiments, and the ratio of the velocity in 
space to the velocity in water is called the 
refractive index of the water. Hence, if the 
velocity of the light in space is measured by 


1), / Ku where K and » are respectively the 
dielectric constant and permeability of empty 
space, it is not an unjustifiable assumption 
that the velocity of water will be represented 
by 1/ / K'a where K! is the dielectric constant 
of water and u! the magnetic permeability of 
water. Accordingly the refractive index of 
water will be numerically measured by the 


ratio of 
PA K'e! to FA Kp. 

Experiment shows that the permeability p 
in the space occupied by water is not sensibly 
different from the permeability » of empty 
space. Hence, if we take the dielectric 
constant of space arbitrarily to have a value 
unity, we should have a relation between the 
dielectric constant of water and its refractive 
index (č) as follows :--/ = ,/K'/, /K, or if K 
is taken as unity, then the dielectric constant 
of water should be equal to the square of its 
refractive index or 7? = K! (see Fig. 3). 

The same argument applies to all other 
transparent and defractive dielectrics, and it 
therefore becomes a test of Maxwell’s theory 
to examine how far the above law (called 
Maxwell’s law) holds good. At the time 


FIG. 3. 


when Maxwell published his theory there were 
very few data by which to test it, but in the 
last twenty years an immense number of 
methods of measuring dielectric constants 
have been invented, and a great number of 
numerical measurements made for different 
substances. 

As soon, however, as Maxwell’s law began 
to be compared extensively with the results of 
experiment it became manifest that the excep- 
tions were far more numerous than the agree- 
ments. The dielectric constant has generally 
been measured by comparing the ratio of a 


steady or slow period alternating electric force 
E with the corresponding displacement D so 
as to obtain K from the equation 

D = KE or K = DJE. © 

If this experiment is tried for example with 
water, for steady or even very rapidly reversed 
displacements, we get a value for K not far 
from 80, and for most varieties of glass we 
obtain values of K varying from 6 to 10. The 
optical refractive index of water, however, is 
1'3, and that of most kinds of glass from 1°5 
to 1°6. Hence it is clear that for these sub- 
stances there is an enormous discrepancy 
between the square root of K (namely 9 and 
2'5 or 3'1) and the refractive indices (namely 
1°8 and 1°3). 

More extensive research has shown that 
there are many cases of agreement, and that 
we may divide all dielectrics broadly into two 
great divisions, namely those for which Max- 
well’s law is approximately obeyed, and those 
cases in which there are great discrepancies 
between the value of the dielectric constant 
and the square of its refractive index. 

Before dealing with the nature of these dis- 
crepancies and the probable reasons for them, 
it may be well to describe one, at any rate, of 
the processes which have been employed for 
determining dielectric constants. In late 
years a large number of methods have been 
devised, but they are not all free from theo- 
retical objections or practical difficulties. In 
some cases dielectric constants have been 
determined by processes in which the electric 
force is continuous and continuously applied, 
in other cases, by methods in which the elec- 
tromotive force is alternating with various 
frequencies. 

As it will be pointed out presently, the fre- 
quency of the alterations of the electric force 
affects very sensibly in many cases the result. 

I will describe one method of measuring 
dielectric constants I have myself much used, 
which is especially convenient when working 
with liquid dielectrics. Briefly, it is as follows:— 

A condenser, C, is constructed consisting of 
two metallic surfaces separated by the di- 
electric to be tested, and it is desirable that 
the. arrangement should be provided with 
some means for measuring both the tem- 
perature and the thickness of the dielectric. 
(See Fig. 4.) If this condenser is charged 
by the application of a known electromotive 
force to the two metal surfaces, and then 
discharged through a sensitive galvanometer 
of the ballistic type, the galvanometer will 
give a small throw or indication depending 
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on the capacity of the condenser and the sensi- 
bility of the galvanometer. If, however, the con- 
denser is charged and discharged through the 
galvanometer at very frequent intervals, the 
rapid series of discharges runs together into 
a practically continuous current. The best 
arranyement for producing this effect is the 
combination of an electrically-driven tuning- 
fork with an electric switch. The electrically- 
driven tuning-fork consists of an ordinary 
tuning-fork giving any constant number of 
wibrations (say between 30 and 200), maintained 
in vibration by means of an electromagnet. 
Each time the prongs of the fork separate or 
come together they are made to complete a 
circuit either through mercury or a platinum 
contact which closes the circuit of the battery 
through an electromagnet, so placed as 
to act magnetically upon the prongs, and 
these impulses coming at the right moment 
maintain the fork in a unit of vibration, and 
therefore intermit or break the current in the 
circuit a definite number of times per second. 
In the same circuit is placed a contact 
breaker driven by another electromagnet, 
which throws a tongue of metal backwards 
and forwards between two contact points. 
One terminal of the condenser is connected 
with this vibrating tongue, one terminal of the 
galvanometer is connected to one stop and 


T, Electromagnetic tuning-fork worked by battery, By 

E, Electro-magnetic vibrator worked by tuning-fork and 
battery, Bg. 

C, Condenser, charged from battery, B , and discharged 
through galvanometer, c, by vibrator, x. 


one terminal of the battery charging to the 
other stop; the second terminals of the con- 
denser battery and galvanometer are all con- 
nected together, the arrangement being as 
shown in Fig. 4. 

When the tuning-fork is set in operation the 
tongue of metal connected to one terminal of 


a 


the condenser vibrates in synchronism, and 
the condenser is alternately charged and dis- 
charged through the yalvanometer. It is 
obvious that the galvanometer can be ar- 
ranged to take either the series of charyes 
or discharges of the condenser, and it is con- 
venient to arrange a throw-over switch so as 
to read successively on the galvanometer the 
current due to the charges and discharges. 

The object of this arrangement is to detect 
the presence of true conductivity as distin- 
guished from mere dielectric constant. It 
will be obvious that if the dielectric forming 
the condenser possesses any true conductivity, 
then when the galvanometer is connected in 
series with the battery and condenser so as 
to take the series of intermittent charges and 
manifest them as a continuous current shown 
by the galvanometer, this current will be 
greater than when the galvanometer is so 
arranged as to take the discharges of the 
condenser. 

These arrangements being made, it is then 
necessary to have in addition a means of 
interpreting the indication of the galvanometer 
and ascertaining what is the value of the 
current in amperes and microamperes corres- 
ponding to any deflection. If the galvano- 
meter is a high resistance yalvanometer, and 
if the current given by the series of discharges 
is very small, the best way to interpret the 
meaning of the galvanometer deflection is by 
means of a potentiometer. 

A wire stretched over a scale divided into 
2,000 divisions has passed through it a steady 
current, and by means of a Clark’s cell the 
current through this wire is regulated to a 
certain value as follows :— 

A Clark’s standard coil is connected to one 
terminal of the slide wire, and the galvanometer 
placed in series with it, the other end of the yal- 
vanometer being connected to a slider moving 
over the wire stretched on the divided scale. 
Assuming the electromotive force ofthe Clark’s 
cell to be known at the temperature of the day 
(let it be, say, 1°434 volts. at 15°C), then the slider 
is set to make contact on the slide wire at 1,434 
divisions from the zero end, and the current 
from the secondary cell flowing through the 
slide wire is then regulated by a rheostat until 
the galvanometer shows no deflection. When 
this is the case the fall of potential down the 
slide wire is equal to 1 volt per 1,000 divisions, 
hence one division corresponds to 1-1000th of 
a volt. 

A high resistance can now be inserted in the 
galvanometer circuit, and the slider is moved 
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backwards or forwards over a few divisions 
until the galvanometer needle gives a certain 
observed deflection. Corresponding to this 
deflection we now know the difference of 
potential at the extremities of the galvano- 
meter circuit, and if we know the resistance of 
the galvanometer and the value of the resist- 
ance in series with it we at once determine the 
value of the current in microamperes corres- 
ponding to a given observed deflection of the 
needle, or, if it is a mirror instrument, of the 
spot of light upon the scale. It is most 
convenient to employ for this purpose a 
galvanometer of the movable coil type which 
is fairly dead beat. 

Having thus determined the microampere 
value of the deflection of the galvanometer, we 
have the means of interpreting the deflection of 
the galvanometer when the series of condenser 
discharges is being sent through it a known 
number of times per second. 

Let us suppose for example that ten centi- 
metres scale deflection, in the case of a mirror 
instrument, corresponds with 1 microampere, 
and that when working the galvanometer in 
connection with the condenser as described. 
we find in any one instant 20 centimetres 
deflection, we know then that this corresponds 
to 2 microamperes throughout the galvano- 
meter. 

If the tuning- fork employed makes 100 
vibrations per second, then we also know that 
each contact flows through the galvanometer 
the 5oth part of 1 microcoulomb. If the voltage 
of the battery charging the condenser is known 
then we are at once able to determine the 
capacity of the condenser, for this last is equal 
to the quotient of the charge put into the 
condenser by the impressed voltage. Hence 
assuming that 100 volts were employed to 
charge the condenser above described, its 
Capacity in microfarads would be equal to 
1/5000th part of a microfarad. 

If then the same experiment is performed 
with the condenser plates the same distance 
apart, but the dielectric air instead of the 
selected solid or liquid, we are able to deter- 
mine in the same way the capacity of the con- 
denser when the air is the dielectric and the 
ratio of the capacity of the same condenser, 
where a steady dielectric is substituted for air 
to its capacity, when air is the dielectric con- 
stant of the given substance. This tuning-fork 
method is particularly applicable in the mea- 
surement of the dielectric constants of liquids. 

A suitable condenser for this purpose is easily 
made in the following manner :—A number of 


plates of aluminium are prepared, being made 
perfectly flat, and are held separated from one 
another by a very small distance by means of 
exceedingly small particles of glass placed on 
the corners of the plates, the whole of the plates 
being kept pressed together between two sheets 
of ebonite byametalliclamp. Alternate plates 
of aluminium are then connected together and 
the arrangement constitues an air condenser 
which, however, can be converted into a liquid 
condenser by plunging the plates below the 
surface of any fluid. 

Another condenser of a convenient form for 
experiments with dielectric constants of liquids 
was devised by the author for certain experi- 
ments carried out in conjunction with Prof. 
Dewar.‘ This condenser consisted of two 
cones of brass accurately turned to fit one 
another (see Fig. 5), the inner cone being 
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kept concentric with the outer cone by means 
of an ebonite steady pin at the bottom, 
and a metallic screw passing through an 
ebonite washer at the top. By means of the 
screw the inner cone could be raised or lowered 
so as to alter. the distance between the two 
cones by any required amount. 

In using this cone condenser to determine 
the dielectric constant of a liquid, its capacity 
is first determined by the tuning-fork method 
when the dielectric is air. The space between 
the cone is then filled with the liquid in ques- 
tion and the capacity determined again ; the 
ratio of the two capacities gives the dielectric 
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* See Fleming and Dewar, on ‘‘ The Dielectric Constants of 
Certain Frozen Electrolytes at and above the Temperature 
of Liquid Air.” “ Proceedings of the Royal Socicty,” vol. 
lxi., p. 299, 1897. 
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constant of the liquid. By these methods a 
very large number of measurements have been 
made by the author and Professor Dewar, of 
the dielectric constants of various liquids at 
different temperatures and frequencies. 

In view of the extreme importance of the 
interconnection between refractive index and 
dielectric constant, it becomes essential to 
examine critically the nature of the exceptions 
to Maxwell’s law. Investigation has shown 
that the values determined for dielectric con- 
stants are immensely affected in many cases by 
temperature and by the time of application of 
the electric force. 

Dealing first with the effect of temperature 
as mentioned above, a somewhat extensive 
examination has been made by the write 
and Professor Dewar of the effect of low tem- 
peratures on dielectric constants. One of the 
substances examined with great care was liquid 
oxygen. Professor Dewar long ago showed 
that this substance had remarkable magnetic 
qualities, and a preliminary measurement 
made by us showed that its magnetic permea- 
bility had a value exceeding that of saturated 
ferric chloride. 

As liquid oxygen is transparent, and as its 
refractive index had been carefully determined 
by Professors Liveing and Dewar, it was 
evidently desirable to measure its dielectric 
contant carefully. This was done by means 
of the tuning-fork method already explained, 
using a small aluminium condenser consisting 
of seventeen plates, which could be immersed 
in a vessel full of liquid oxygen. The result 
was to show that liquid oxygen has a dielec- 
tric constant 1:491.* The capacity of the 
small condenser with air as its dielectric at 
15° C. was ‘001031 of a microfarad. The 
above value has been substantially confirmed 
more recently by a measurement made by 
Dr. Fritz Hasenoehrl, at the University of 
Leyden, his value for the dielectric constant 
of oxygen being 1°465. 

The refractive index of liquid oxygen for 
two Cadmium lines having a wave length 
respectively 4416 and 6438 was determined 
by Professor Liveing and Dewar to be 1'2249 
and 1°2211. 

Calculating from the above measurements, 
the value of the refractive index for waves 
of infinite wave length, we obtain the value 

12181. The magnetic permeability of liquid 
oxygen was determined by a direct method 


* See Fleming and Dewar on “The Dielectric Constant 
of Liquid Oxygen and Liquid Air.” ‘ Proceedings of the 
Royal Society,” vol. 60, p. 358, 1897. 


consisting in the immersion of a small air 
core transformer under the surface of liquid 
oxygen.* The value thus obtained for the 
magnetic permeability of liquid oxygen was 
1°00287. 

A more recent and very careful measurement 
of the susceptibility of liquid oxygen, made by 
anentirely different method, by Professor Dewar 
and myself, showed that the value of the 
magnetic susceptibility of liquid oxygen is 
323 X 10°, and that therefore its permeability 
is equal to 1'0041. 

If we take the value of the square of the 
index of refraction of liquid oxygen for waves 
of infinite wave length, we obtain the number 
2°4837; if we take the product of the dielec- 
tric constant of liquid oxygen as determined 
by Fleming and Dewar, namely, 1°491, and 
the value of its permeability as obtained by the 
direct method, namely, 1°00287, the product of 
these numbers is 1'495. If we take the latter 
value of the magnetic permeability as deter- 
mined by the experiments on the susceptibity 
of liquid oxygen, namely, 1°0041, and take the 
mean value of the dielectric constants as 
determined by Fleming and Dewar and 
Hasenoehrl, which is 1°478, we find the value 
of the product of 1°478 and 10041 is 1°484, 
which agrees almost precisely with the value 
of the square of the refractive index of liquid 
oxygen for waves of infinite wave length, 
namely, 1°4837, as determined by the experi- 
ments of Liveing and Dewar. 

This remarkable equality in the case of 
liquid oxygen between z? or the optical refrac- 
tion index for waves of infinite wave-length 
and the numerical product of the value of its 
dielectric constant K and magnetic permea- 
bility u, is a very interesting confirmation of 
Maxwell’s theory. 

We have in liquid oxygen a substance which 
possesses four qualities found together in no 
other substance, namely, optical transparency, 
almost perfect non-conductivity, a magnetic 
permeability greater than unity, and a dielectric 
constant nearly 50 per cent. greater than that 
of empty space. 

We turn then again to the question of the 
discrepancies, and we ask, how is it that such 
substances as water, alcohol, ether and glyce- 
rine, which in their pure condition are all good 
insulators and therefore dielectrics and opti- 
cally transparent, show such marked diso- 
bedience to Maxwell’s law ? A careful investi- 
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* Sec Fleming and Dewar on “The Magnetic Permea- 
bility of Liquid Oxygen and Liquid Air.” ‘‘ Proceedings of 
the Royal Society,” vol. 60, p. 283, 1830. 
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gation of this point has shown that temperature 
is largely accountable for the discrepancy. 

By means of the cone condenser above 
described, Professor Dewar and I have 
measured the dielectric constant of ice, frozen 
alcohol, frozen glycerine, and numerous other 
organic or inorganic frozen liquids, and have 
discovered that in all cases coolmg them toa 
very low temperature destroys entirely these 
high dielectric values. 

Thus for ‘instance, if the dielectric constant 
of ice is measured with an electric force applied 
either continuously or alternating 1 to 200 
times a second, the temperature of the ice 
being o°C, the value of the dielectric constant 
found is represented by a number in the 
neighbourhood of 80. If, however, the ice is 
cooled down to the temperature of liquid air 
the dielectric constant of the ice falls to a value 
near to 2°4. 

In the same manner if the dielectric constant 
of alcohol is measured at ordinary temperatures 
the number is found not very far from 25, but 
if the alcohol is frozen and cooled to the 
temperature of liquid air, we find by the above 
described methods a value 3'12. 

Again, the dielectric constant of glycerine 
determined at ordinary temperatures gives a 
value 56, but if determined at the temperature 
of liquid air, a value 3'9. 

If we gather into one Table the results of a 
number of these low temperature measure- 
ments of dielectric constants taken at a fre- 
quency of 120 per second, and arranged so as 
to show the values of the dielectric constant at 
15°C. and at -185°C. (the temperature of liquid 
air), we see at once the immense influence 
which temperature has upon the fundamental 
qualties of a dielectric. For the sake of com- 
parison, the values of the square of the optical 
refractive index (z?) for very long wave lengths 
or for certain wave lengths in the visible 
spectrum have been placed in contiguity. 


TABLE II.—DIELECTRIC CONSTANTS (K) AT 
DIFFERENT TEMPERATURES. l 
| 

Substance. ia €. K at -185° C. K rete 
Water ....... .....| 80 |24 to 29 ' 1°779(Dline) 
Formic acid ......} 62 2°41 — 
Glycerine ........ 56 3°2 — 
Methyl alcohol ....| 34 3°13 — 
Mononitrobenzol ..| 32 2°6 — 


Ethyl alcohol ....,; 258 ! 3°11 1'831 
Acetone eses., 21°85 | 2°62 — 


Ethyl nitrate ......| 17°72 | 2°73 — 


Amy! alcohol......| 16 2°14 OSI 
Aniline ...... saaal 7°51 | 2°92 — 
Castor oil ........) 478 | 2°14 2'153 
Ethylic ether ...... 4°25 | 2°31 1805S 
Olive oil .......... 3°16 | 2°18 2°131 
Carbon bisulphide..| 2°67 | 2°24 2°01 


The conclusion to which the figures in the 
above Table lead us is that, whereas at ordinary 
temperatures there is an enormous difference 
between the dielectric constants of certain sub- 
stances and the square of their optical refrac- 
tive index, a continual lowering of the tem- 
perature destroys a large part of this dis- 
agreement. 

On the other hand, there are some sub- 
stances which even at ordinary temperatures 
Maxwell’s law is very approximately fulfilled, 
as shown in Table IIT :— 


TABLE III. 

‘ Dielectric Sq. of optical re- 

Substance. ' constant K. fractive index (72). 
eee ee nae SE 
Sulphur .ccuca cones 4°7 489 B 
Parahin o issaawss 2'29 2'022 
Petroleum .. .... 1°C2 1'922 
Petroleum oil......: 2°07 2°075 
Turpentine ....... | 2°23 2°128 
Benzine .......... l 2°38 | 226 D 


ee —— 


Exceptions, however, are more numerous 
than accordances, and we find no apparent 
fulfilment of the law in the case of the following 
snbstances :— 


TABLE IV. 

Substances. K. r3 
Glass (light flint) .. 6°57 2'375 D 
Glass (dense) .... o.. 10'I 2'924 
Calcite ss jassssssus 77 2'734 A 
Fluorspar ........ 6°7 2°05 
Mica -seevsvue teas 6°64 2°526 
Quartz..... TEETETI 4°55 2°41 
Tourmaline....... 7 6°05 2°63 
Rock salt ........ | 5°85 2°36 


In the case of gases there is a very fair 
agreement between K and 2°. 

Then turning to the question of frequency, it 
has been found that at the rate at which the 
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electromotive force is applied and removed or 
zeversed has a great influence upon the dielec- 
tric constant. Generally speaking, we may 
say that the higher the frequency the lower the 
dielectric constant. On the other hand, many 
substances exhibit, so to speak, a great con- 
stancy under variation in frequency. 

By the employment of electrical oscillations, 
it is possible to determine the dielectric con- 
stant with very rapid alternations of electric 
force. It appears, however, that whether we 
use a continuous electric force or a continuous 
force alternating 30 thousand million times a 
second, the dielectric constant of water is a 
number not far from 80. On the other hand, 
in the case of alcohol, the same variation in 
frequency reduces the dielectric constant from 
25 to about 6°6. Ice is more sensitive to 
change in frequency than water, and an in- 
crease in the frequency which does not affect 
the dielectric constant of liquid water reduces 
that of ice to a value between 2 and 3. 

In considering the causes of the discrepan- 
cies, it is obvious that if light waves consist of 
alternations of electric force, then since the 
visible spectrum is comprised between the 
limits of 400 and 800 billion vibrations per 
second, there is an enormous gap between the 
highest frequencies it is possible to command 
in experimentally measuring dielectric con- 
stants and the frequencies which give rise to 
optical effects. The whole of these effects 
give us reason to consider that the numerous 
discrepancies and exceptions to Maxwell’s law 
are really dependent upon temperature and 
frequency. 

It is obvious that in making comparisons 
we can hardly expect to find the law 
fulfilled unless the alternations of electric 
force are comparable with the number of vibra- 
tions per second in the ray refracted. 

Of late years it has been possible to test the 
matter in another way. We are now able, as 
will be explained in the next lecture, to produce 
electric waves which are known to have all the 
properties of light, except visibility. Many 
recent investigations have had for their object 
the determination of the refractive index of 
water, alcohol, and other bodies for electric 
waves of great wave length lying far beyond 
the region of the ultra red spectrum. For 
water the refractive index found for these 
electric rays is a number in the neighbourhood 
of 8:9.* The square of this number 8'9 is 


* See Fleming and Dewar, “‘ Proc.of the Roy. Soc.” vol. 61, 
p. 2, 1897, “ On the Dielectric Constants of Ice and Alcohol 
at very low Temperatures.” 
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very nearly 80, and hence is in very good 
agreement with the value of the dielectric 
constant of water determined by purely static 
electrical methods, and either with continuous 
electric force or electric forces very slowly 
alternating. 

It is impossible to dismiss this part of the 
subject without raising one question. Why is 
it that certain kinds of matter have such 
exceptionally large dielectric constants, which 
at ordinary temperatures are so different in 
value from the square of the optical index of 
refraction ? The answer to this is, that electric 
force produces two effects when acting on any 
space occupied by dielectric matter. In the 
first place it creates an electric strain in the 
æther or true electromagnetic medium, which 
strain is immediately responsive to the stress. 

In the next place it operates on the molecules 
of the matter, producing an additional strain or 
displacement ; and it is not a little remarkable 
that those substances which have high dielec- 
tric values are those which easily suffer chemical 
decomposition by displacement or removal of 
some radicle. 

Some interesting facts connected with dielec- 
tric constants of solids and liquids have been 
noted by C. B. Thwing.* He has pointed out 
that, for a large number of substances, the 
dielectric constant is 2°6 times the density, and 
that the dielectrie constant can be predcter- 
mined for many substances by calculation. 

The dielectric constant of a body can be 
calculated by an additive law, in accordance 
with the following rule :— 

The product of the molecular weight of the 
substance and its dielectric constant divided 
by its density is equal to a sum formed by 
multiplying 2°6 times the number of atoms of 
each kind by their atomic weight; except in 
the case when the molecule contains certain 
radicles, when each radicle has in addition a 
multiplying constant differing from 2-6. 


Hence if K = Dielectric constant 
M = Molecular weight 


D = Density 
aj, a2, ctc. = Atomic weights or elements of 
radicles 
n, Ne, etc. = Number of atoms or radicles 
we have 
K = ` (26ain + 26an: +elc + kazn +- etc) 


The factor 2'6 is employed if the element is 
an atom of hydrogen, oxygen, carbon, &c., 
and the factor Å if it is a chemical radicle OH, 


* “ Zeits : Phys. Chem.” vol. xiv., 1894. 
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CO, COH, NO, CH:, CHs, or S, having values 
as follows :— 


1 


Radicle. | Molecular Weight. Value of &. 
OH | I7 80°6 
CO | 28 52° 
COH 29 | 33°8 
NO: 46 67:0 
CH: 14 | 2°86 
CH3 15 | 3°12 
S 32 “O16 
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Thus the dielectric constant of water (H:0) 
which is a hydride of hydroxyl, having mole- 
cular weight = 18 and density = 1, is given 
by the formula 

K -> (26 X 1 + 806 X 17) = 754 
and that of ethylic alcohol (CH;, CH:, HO) by 
the formula 
K = HE (3°12 X 15 + 2°86 X 14 + 80°60 X 17) 
25°6 


— 
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These values agree fairly well with the 
results of experiments. This remarkable rule 
supplies us with a clue to the meaning of 
these large dielectric constants. We see that 
the presence in a molecule of a chemical 
radicle, or portion more easily detached than 
other atoms, seems to indicate a line of easy 
cleavage in the molecule of which the electric 
force takes advantage. It appears, therefore, 
that the simple properties of the electromagnetic 
medium filling space are profoundly modified 
by the presence of ordinary matter in the same 
place. 

Briefly then it may be stated that Maxwell’s 
theory consists in the assumption that the 
effects we call electric displacement, or other- 
wise electric charge, and that which we call 
magnetic flux or magnetic induction, when 
they exist ina space free from gross matter, 
are affections of a medium capable of storing 
up energy in two different forms. The dielectric 
constant of the medium or the displacement per 
unit of electric force, and the magnetic perme- 
ability of the medium, or the magnetic flux per 
unit of magnetic force, are both altered by the 
presence of matter. The first quality is always 
Increased, the second may be increased or 
diminished, and is enormously increased by 
the ferromagnetic substances. 

These two qualities determine the speed of 
transmission of a disturbance or an electric 
wave through the medium, and an electric 


wave is created whenever a very sudden 
electric displacement is made or released. The 
moment, however, that we attempt to resolve 
the processes into mechanics or the simple 
movement of matter possessed of inertia and 
resisting some kind of change of configuration, 
we are met with many difficulties. The first 
question that presents itself is as tothe nature 
of the elastic reaction of this medium against 
stress. What is the kind of deformation the 
medium resists? It cannot be a simple com- 
pressional elasticity or resistance to change of 
volume, as in the case of air. That would 
imply that the ray could not be polarised, 
whereas both in the case of light and electric 
rays they can or are polarised or made non- 
symmetrical with respect to the direction of 
propagation. Can the elasticity then be a 
simple resistance to shearing or change of 
form? This elastic solid or jelly theory of the 
æther fails to meet requirements in many 
points. Then a third hypothesis is that the 
elementary portions of this medium do not re- 
sist either compression or shearing, but resist 
absolute rotation round any axis. This rota- 
tional theory of the «ther has been developed 
of late years in great detail by Dr. J. Larmor, 
who has shown that it meets in many remark- 
able ways the demand of physical theory.* The 
temptation to try and construct a purely 
mechanical theory of the æther, in which dis- 
placements and fluxes are visualised as changes 
of configuration or motions, is very great. 

We are unable to make ourselves a mental 
picture of any physical processes which we are 
not able in the ultimate issue to resolve into 
motion, either past or present. If we could 
resolve all the operations in the electromagnetic 
medium into mere motions of a substance 
possessing the single attribute of inertia, it 
would in one sense satisfy our mental demands. 

But the «ther, if it exists at all, must have 
many more functions (some perhaps yet un- 
suspected by us) than those of merely convey- 
ing vibrations. The æther cannot be, as Lord 
Salisbury once suggested, only the substantive 
corresponding to the verb to undulate. If that 
is the case, we may do well to refrain from 
attempting too much mechanical interpretation, 
and, whilst resting on the fact that the definite 
changes we call electrical displacement and 
magnetic flux are directed or vector changes 
in a universal medium, admit that the ultimate 
analysis of the nature and structure of ether, 
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* For an exposition of Dr Larmor’s views, see the £lec- 
frisian, vol. 45, p. 483, July 20, 1900; or his book, ‘Ether 
and Matter,” University Press, Cambridge, 1900.” 
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energy, and matter, will carry us far beyond 
the region of the ideas of motion, inertia, or 
force. 

It may, however, be asked, Where is the 
proof in all the above facts that the optical 
ther is identical with the electromagnetic 
medium ? So far all that we have passed under 
review has been proof that if electromagnetic 
effects are propagated from place to place with 
finite velocity, that velocity will be measured by 
the reciprocal of the quantity We Ku; and it 
has been shown that this electromagnetic 
velocity in vacuum, air, other gases, also in 


certain liquids and solids, is equal to the 
measured velocity of light rays through that 
material. 

Our conviction that the propagation of light 
through transparent matter is not an effect 
wholly or entirely due to the mere matter, is 
based for one thing on the proof we have of 
the practical identity between the mean 
velocity of light coming to us from Jupiter’s 
satellites and the actually measured velocity 
in air at the earth’s surface. 

In like manner the dielectric constant and 
magnetic permeability of the very best vacuum 
we can produce differ so excecdingly little from 
the same qualities of an air-filled space at 
ordinary pressure and temperature that we 
cannot well believe these properties of the 
space are wholly due to the matter occupying 
it when taking out all but one-millionth makes 
so little difference. 

The demonstration that light has an undu- 
lating nature, rests upon all the well-known 
facts of interference. The creation and similar 
properties of undulations having an electrical 
origin travelling through space with equal 
velocity and exhibiting all the properties of 
visible light has afforded more than ground 
for a suspicion, it has given an almost perfect 
proof that the basis, the undulating material, 
and the nature of that undulation must be 
similar in the twoclasses of phenomena. 

The proof of these statements and some 
brief examination of the facts will occupy our 
attention in the lecture next week. 

It would involve a demand on your time 
entirely out of question to attempt even to 
mention the various theories of the structure of 
the electro-optic ezther which have been 
evolved in the last century. Suffice it to say 
that any effort to go beyond a mere descrip- 
tion of physical phenomena lands us in the 
logical necessity of assuming an omnipresent 
medium which we must endow at least with 
the attributes of inertia and mobility. One 
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of the difficulties which has to be met in con- 
structing any hypothesis of the ather structure 
which will be consistent with ascertained 
fact is to explain how it can store up enormous 
quantities of energy drawn from and given up 
to matter, and yet offer, as far as we can sec, no 
resistance to the movement of matter through 
it. A full discussion of this question is to be 
found in a valuable treatise on ‘‘ Ether and 
Matter,” by Dr. J. Larmor. The theory which 
s2ems to unite best the known facts is that 
which assumes the æther to be possessed of a 
rotational elasticity, that is cach clement of it 
resists absolute rotation in any direction, but 
its different parts can be moved about other- 
wise without resistance. Dr. Larmor shows 
how in such a stagnant zxther we can create 
strain centres which he calls e/ec/rons, which 
can move about freely in the stationary <ether 
as a kink on a rope can be displaced on the 
rope. These electrons are of two types, posi- 
tive and negative. Atoms of matter are 
assumed to consist of congeries of electrons in . 
stable orbital motion round each other. These 
electrons when free constitute electricity, and 
when in motion give rise to electric currents 
and magnetic force. The trend of physical 
research is everywhere opening up the view 


` that electricity has an atomic structure, and 


that what we may call the a/om of electricity 
is the ultimate element in the structure of 
material molecules. The researches of Pro- 
fessor J. J. Thomson have shown that in the 
cathode discharge in vacuo we are concerned 
with electrical or electrified corpuscules of 
which the mass is of the order of one- 
thousandth of that of a hydrogen atom.* The 
theory to which we are now referring makes 
these corpuscules, electrons or gaseous ions, 
the constituents of which atoms are built up, 
and according to Dr. I.armor’s views they are 
themselves to be regarded as strain centres in 
the æther of a peculiar kind. If this electronic 
theory stands the tests of analytical discussion 
then material atoms may be regarded 
as built up of atoms of electricity, and 
these in turn as structures formed out of 
peculiar collocations of strain in the «ther. The 
elaboration of what may be called the atomic 
theory of electricity will perhaps occupy as 
much of the scientific attention in the twentieth 
century as the discussion of the atomic theory 
of matter has occupied in the nineteenth. The 
scientific method has opened avenues of re- 


See “Phil. Mag.” Dec., 1809. Professor J. J. Thomson * On 
the masses of ions in gases at low pressurs.’” Also Edec- 
trictan, vol. 44, p. 228. 
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search which have led to wonderful additions 
to our knowledge of matter in the ten decades 
that are past, and there are hopeful signs that 
an insight may yet be gained, of some real 
nature, into the structure of the electromagnetic 
medium of which both electricity and matter 
seem to be but localised configurations due to 
special forms of strain and motion. 


MEETINGS OF THE SOCIETY. 
ORDINARY MEETINGS. 


Wednesday evenings, at Eight o’clock :— 

JANUARY 16.— Photography of Natural Colour 
by the McDonough - Joly Process.” By H. 
SNOWDEN WARD. SIR WILLIAM ABNEY, K.C.B., 
F.R.S., will preside. 

INDIAN SECTION. 

Thursday afternoons, at 4.30 o'clock :— 

JANUARY 17.—‘‘ Metalliferous Mining in India.” 
By Dr. JOHN W. Evans, D.Sc., LL.B., F.G.S. 
SIR WILLIAM LEE-WARNER, K.C.S.I., will preside. 


COLONIAL SECTION. 

Tuesday afternoons, at 4.30 o’clock :— 

JANUARY 22.—‘‘ The Commonwealth of Aus- 
tralia.” By the Hon. Sirk JOHN ALEXANDER 
COCKBURN, K.C.M.G. The RiGHT HoN. JAMES 
Brycr, M.P., will preside. 

APPLIED ART SECTION. 

Tuesday evenings, at 8 o’clock :— 

JANUARY 15.—‘‘ Cameos.” By CYRIL DAVEN- 
PORT, F.S.A. A. S. Murray, LL.D., will preside. 


CANTOR LECTURES. 
Monday evening, Jan. 14, at8p.m., J. LIBERTY 
TADD, ‘‘ Elementary Art Education.” 


LECTURE I. 

Artand Manual Training in Education.—General 
statement of radical methods of work in Philadelphia 
and other cities — Rotation of drawing, modelling, and 
carving—Art symbols and nature—What is manual 
training ? Not industrial or trade work— Mechanical 
training— Automatic power— Facility— Drill— Cor- 
relation of drawing with all school studies—Con- 
sideration of nascent periods of physical and mental 
growth in education. 
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Moxpay, JAN. 14..SOCIETY OF ARTS, John-street, 
Adelphi, W.C., 8 p.m. (Cantor Lectures.) Mr. 
J. Liberty Tadd, “ Elementary Art Education.” 

Mechanical Engineers, Storey’s-gate, St. James’s- 
park, S.W., 8p.m. (Graduates’ Meeting.) Prof. 
J. A. Ewing, “ The Structure of Metals.” 

Surveyors, 12, Great George-strect, S.W., 8 p.m. 
Discussion on ‘ London Water Supply.” 

Geographical, University of London, Burlington- 
gardens, W., 8) p.m. 

Camera Club, Charing-cross-road, W.C., 8} p.m. 


Medical, 11, Chandos-street, W., 8} p.m. 

London Institution, Finsbury-circus, E.C., 5 p-m.. 
Dr. Alexander Hill, “ The Evolution of the Brain.”’ 

Biblical Archzxology, 37, Great Russell-street, 8 p.m. 

Turspay, Jan. 15..SOCIETY OF ARTS, John-strect, 
Adelphi, W.C., 8p.m. (Applied Art Section ) Mr. 
Cyril Davenport, “ Cameos ”’ 

Royal Institution, Albemarle-street, W., 3 p.m. 
Prof, J. A. Ewing, ‘‘ Practical Mechanices.”’ 

Civil Engineers, 25, Great George-street, S.W.. 
8 p.m. Discussion on papers on “ Bridges, &c.,” 
hy (1) Mr. Benjamin Hall Blyth, (2) Mr. Walter 
James Doak, (3) Mr. Leffert Lefferts Buck. 

Statistical, 9, Adelphi-terrace, W.C., 5 ppm. Mr. 
F. C. Danvers, ‘‘A Review of Indian Statistics.”’ 

Zoological, 3, Hanover-square, W., 8} p.m. 1. Mr. 
G. A. Boulenger, “Ichthyology of Lake Tangan- 
yika.” 2. Rev.O P. Cambridge, “ Exotic Spiders. ' 
3. Mr. F. E. Beddard, ‘‘ Picarian Rirds.” 

Colonial, Whitchall-rooms, Whitehall-place, S.W., 
8 p.m. Major A. St. Hill Gibbons, ‘* The Nile 
and Zambesi Systems as Waterways.” 

Asiatic, 22, Albemarle-street, W. 4 p.m. 

WEDNESDAY, JAN. 16..SOCIETY OF ARTS, John-street, 
Adelphi, W.C., 8 p.m. Mr. H. Snowden Ward, 
“ Photography of Natural Colours.” 

Meteorological, 25, Great George - street, S.W., 
73 pm. (Annual Meeting.) Address by the 
President, Dr. C. Theodore Williams. 

Microscopical, 20, Hanover - square, W., 8 p.m. 
(Annual Meeting.) Address by the President. 

Entomological, 11, Chandos-street, W., 7 p.m. 

Archxological Association, 32, Sackville-street, W., 
8 p.m. 

Mining and Metallurgy, Geological Museum, 
Jermyn - street, S.W., 8 p.m. 1. Mr. Edward 
Halse, ‘‘ Electro-Silvered Plates.” 2. Mr. G. A. 
Troye, ‘‘ Mine Surveying in the Transvaal.” 3. Mr. 
C. S. Richardson, ‘“‘ Geology of Lake Nyassa.” 


TuHurspay, JAN. 17..SOCIETY OF ARTS, Johbn-street, 
Adelphi, W.C., 4$ p.m. (Indian Section.) Dr. 
John W. Evans, “ Metalliferous Mining in India." 

Royal, Burlington-house, W., 4} p.m. 

Antiquaries, Burlington-house, W., 8} p.m. . 

Linnean, Burlington-house, W., 8 p.m. 

Chemical, Burlington-house, W., 8 p.m. 

London Institution, Finsbury-circus, E.C., 6 p.m. 
Mr. Erie Stuart Bruce, ‘‘ Modern Acronautics.’ 
Society for the Encouragement of Fine Arts, a, 
Conduit-strect, W., 8 p.m. Mr. Alfred Gilbert, 

“ Methods of the Masters of Mixed Design.”’ 

Parkes Museum of Hygiene, 74a, Margaret-street, 
W., 5 p.m. 

Royal Institution, Albemarle-street, W., 3 p.m. 
Dr. Arthur Willey, “The Origin of Vertebrate 
Animals.” (Lecture I.) 

Historical, St. Martin’s Town-hall, Charing-cross- 
road, W.C., 83 p.m. 

Numismatic, 22, Albemarle-street, W., 7 p.m. 

Camera Club, Charing-cross-road, W.C., 8} p.m. 
Mr. Ignaee Herbert, “ Photogravure.”’ 

Botanic, Inner Circle, Regent’s-park, N.W., 3} p.m. 

Fripay, JAN. 18...Royal Institution, Albemarle-street, W., 
8 p.m. Weekly Meeting, 9 p.m. Prof. Dewar, 
t“ Gases at the Beginning and End of the Century.” 

Mechanical Engineers, Storey’s-gate, St. James’s- 
park, S.W., 8 p.m. Discussion on “ Power-Gas, 
&c.”” 

Astronomical, Burlington-house, W., 8 p.m. 

Quekett Microscopical Club, 20, Hanover-square, 
W.C., 8 p.m. 

SATURDAY, JAN. 10...Royal Institution, Albemarle-street, 
W., 3 p.m. Prof. R. K. Douglas, ‘The Govern- 
ment and People of China.” (Lecture I.) 
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Notices. 
ny 


EXAMINATIONS. 


The Council have decided not to offer any 
prizes in connection with the Preliminary 
Examinations ‘Grade 1) to be held in March 
next. 


CANTOR LECTURES. 


On Monday evening, 14th inst., Mr. J. 
LIBERTY TADD delivered the first lecture of 
his course on ‘‘ Elementary Art Education.’’ 

The lectures will be published in the Journal 
during the summer recess. 


AP2LIED ART SECTION. 


Tuesday, January 15th, 1901: ALEXANDER 
STUART MURRAY, LL.D., Keeper of the 
Department of Greek and Roman Antiquities, 
British Museum, in the chair. The paper read 
was on ‘‘Cameos,’’ by CYRIL DAVENPORT, 
F.S.A. 

The paper and report of the discussion will 
be printed in the next number of the Yournad. 


INDIAN SECTION. 


Thursday, January 17th, 1901, Sir WILLIAM 
LEE-WARNER, K.C.S.I., Member of Council, 
inthe chair. The paper read was on ‘“ Metal- 
liferous Mining in India,” by JOHN W. 
EVANS, D.Sc., LL.B., F.G.S. 

The paper and report of the discussion will 
be printed in the number of the Journal for 
February 1. 
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Proceedings of the Society. 


CANTOR LECTURES. 


ELECTRICAL OSCILLATIONS AND 
ELECTRIC WAVES. 


By Dr. J. A. FLEMING, M.A., F.R.S., 


Professor of Electrical Engineering in University College, 
London. 


Lecture IV.— Delivered December 17, 1900. 


ELECTRIC WAVES. 

Having reviewed briefly the mode of pro- 
duction of electric oscillations and discussed 
some of the chief properties of dielectric 
media, we must turn attention in this fourth 
and last lecture to the production of electric 
waves in dielectrics by means of electric os 
cillations. 

There are one or two questions connected 
with wave production in general, concerning 
which a little preliminary discussion may be 
useful. One physical characteristic of wave 
motfon is that by it energy is conveyed 
entirely away from the wave-creating body 
and exists for a time stored up in a sur- 
rounding medium. Consider, for instance, 
the production of a compressional wave in 
air. If I move my hand or a fan to and 
fro, the mere production of this motion or. 
change of motion in the material body ab- 
sorbs energy. When it is so moved in a fluid 
such as air, the moving solid sets up vortex or 
rotational motions in the surrounding air 
similar to those whirls which are seen on 
moving an oar or the hand through water, and 
these fluid motions also take up energy to pro- 
duce them. Ifa fan is moved slowly through 
the air, all that happens is that the air in front 
passes round behind it, and in so doing air 
vortices are created. Energy is therefore 
absorbed not only in making changes in motion 
of the solid, but also is taken up in the sur- 
rounding medium in creating this vortex 
motion or movements in the air which cling to 
and surround the moving body. 

A large part of the resistanc> to motion 
which a solid experiences in passing through a 
fluid is due to this form of energy absorption 
by the fluid. A perfect fluid or one without 
any quality of viscosity could not have these 
motions so set up init, and hence offers no 
resistance to the motion through it of a solid. 

If the solid oscillates or moves slowly through 
a fluid, the energy never dissociates itself 
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entirely from the moving solid or from the fluid 
in its immediate neighbourhood. The energy 
so to speak travels with the vibrating body and 
exists where it is, or in proximity to it, and 
when its motion ceases the energy of motion of 
the fluid is frittered away into heat. 

It is quite different, however, if a body is 
moved or vibrated very rapidly so as to bring 
into play the inertia quality of the fluid. If, 
for instance, instead of moving somewhat 
slowly through the air, the fan or other body 
such as a tuning-fork is made to vibrate with 
considerable speed, the inertia and com- 
pressibility of the air come into play, with the 
result that we have a true wave produced. 
The air has not time to get out of the way of 
the moving solid, and thus instead of moving 
round to the back of the vibrating body, it is 
suddenly compressed and subsequently rarified 
and started into oscillations. Each portion of 
the fluid takes up successively the oscillatory 
motion or changes of pressure, and energy is 
conveyed entirely away from the moving body 
and its neighbourhood, and continues to exist 
in the medium as a wave long after the vibrating 
body which started has come to rest. 

Some at least of the energy imparted to the 
solid to set it in vibration is taken from it and 
handed on from point to point through the air. 

The characteristic of a true wave is that in 
each portion of the medium the energy so 
being conveyed exists alternately as energy of 
strain or configuration and energy of motion, 
or in some form equivalent to these types of 
energy. Moreover, at equal distances, called a 
wave length, similar energy changes are 
taking place at the same time. The total 
energy ofa true wave of any kind can be shown 
to be at any moment half potential or con- 
figurational and half kinetic or motional. At 
each point in the medium cyclical changes of 


energy take place and the disposition of either 


kind 1s periodic in space. 

The term wave motion, therefore, has 
reference to this peculiar mode of transferring 
energy from place to place, and as we have 
seen in the second lecture, waves can exist in 
any medium which possesses two essential 
qualities. The first of these qualities is that 
some kind of vector or directed change made 
in it must tend to disappear if left to itself; 
and not only so, but in being created must call 
forth an opposition or resistance to its creation. 
In the second place, in disappearing, the 
change whatever its ni ure, must tend to over- 
shoot the mark and be eproduced in the oppo- 
site direction; in other words, there must be a 
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persistence or inertia-like quality in connection 
with the change of deformation. 

There may, therefore, be as many different 
kinds of waves as there are possible modes of 
deformation in extended media. 

Take, for instance, the case of water. If 
the water has a free surface this is a level 
surface and tends to remain level. If the 
water is heaped up in one place and left 
to itself it begins to regain its level, but it 
possesses inertia, and in so doing it over- 
shoots the mark and creates a depression in 
the surface. 

From this point, therefore, surface waves 
spread out, which are changes in level, 
periodic in time and space. Again, a free 
water surface possesses what is called sur- 
Jace tension. The surface of any liquid 
offers a resistance to stretching like a sheet 
of indiarubber. If, therefore, a surface of 
water is slightly heaped up, the surface is 
stretched and tends again to become level 
in virtue of this surface tension. Hence we 
can have not only what are called gravt- 
tational waves on the free surface of water, 
but ripples or surface tension waves. These 
latter may be seen to be formed when a 
fishing-line or thin rod is moved through 
water perpendicularly to the surface. Fur- 
thermore, water resists compression, and 
hence we can have produced in it compres- 
sional waves, not on the surface but in the 
mass. Such waves are produced in water 
by an explosion taking place beneath the 
surface. 

In every case, however, the velocity of 
propagation of the wave is measured by the 
square root of the ratio of two quantities, 
one being of the nature of an elasticity, and 
the other the density or mass per unit of 
volume. Moreover, in all wave motion the 
velocity of the wave is measured by the 
product of the wave length and the num- 
ber of complete oscillations per second ex- 
ecuted by any part of the medium through 
which the wave motion is travelling. 

If V represents the wave velocity, # the 
frequency, and L the wave length, then we 
have the relation V zL as a fundamental 
equation connecting wave length and fre- 
quency. 

In the case of solid bodies we can have 
another kind of wave not capable of being 
produced in liquids, namely, a d¢storstonal 
wave. The special characteristic of a solid 
substance is that it resists shearing or being 
changed in shape. If, for instance, we give a 
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twist to a rod of steel it resists this kind of 
torsional deformation, but we cannot put a 
twist of the same kind upon a thread of honey 
or column of water. 

Accordingly we can have’ a great variety of 
waves in material media depending upon the 
fact that their parts possess inertia, and that 
they resist some kind of relative displacement. 
Thus, for example, we may have :— 

Gravitational or surface waves in liquids— 
due to the resistance of the surface to being 
made unlevel. 

Capillary waves or ripples on the free surface 
of liquids—due to the resistance of the surface 
of the free liquid to stretching. 

Compressional waves in the mass of a gas, 
liquid, or solid—due to the resistance to 
change of bulk or volume elasticity. 

Distorsional waves in solid bodies—due to 
the resistance to shearing, twisting or other 
changes of a form of any element, in other 
words to shape elasticity. 
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DIAGRAM REPRESENTING THE FORMATION OF A 
DISTORTIONAL WAVE IN A MATERIAL SOLID 
Bopy. 


These preliminary remarks will pave the 
way for a consideration of the nature of 
electric waves. 

Every dielectric possesses, as we have seen, 
two properties. It can have a physical state 
produced in it at any point called the electric 
displacement, and this corresponds to the 
production of a deformation or strain in an 
elastic solid. The medium resists by an 
elastic reaction the creation of this displace- 
ment, and when the electric force creating it 
is withdrawn the displacement disappears ; 
but as a displacement requires an energy 
expenditure to produce it, the law of con- 
servation of energy necessitates that the dis- 
placement in disappearing shall give rise to 
energy in some other form. This it does by 
the creation of magnetic flux in a direction at 
right angles to itself, and the flux in turn in 
disappearing -gives rise again ‘o a displace- 


ee 


ment at neighbouring points in the same 
direction as that displacement, the vanishing 
of which gave rise to the flux. Hence we 
detect in this operation an analogy with the 
case of a vibrating solid where mechanical 
stress gives rise to elastic strain, and strain in 
disappearing creates velocity or sets matter in 
motion, and hence reproduces the strain 
energy in a kinetic form. This again, in 
virtue of inertia, recreates a new strain in an 
opposite direction. 

We may illustrate this point by a diagram 
as follows :—Consider a row of particles re- 
presenting the molecules of an elastic solid 
(see Fig. 1). If one of these is drawn on one 
side this mechanical displacement is resisted 
by the intermolecular forces of cohesion. 
Hence when the molecule is released it begins 
to return to its mean position. Its inertia, 
however, carries it on beyond this point, and 
in so moving it compels adjacent molecules 


FIG. 2. 
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DIAGRAM REPRESENTING THE FORMATION CY 
DISPLACEMENT WAVE IN A DIELECTRIC. 


to move with it, but the displacement calls 
forth a restoring force which finally destroys 
the displacement again. Hence we have a 
periodic state in which displacement and 
therefore energy of strain alternate with 
motion, and, therefore, kinetic energy. Each 
molecule in turn passes through the cycle 
of changes, and hence a wave of mechani- 
cal displacement is propagated from point 
to point. Consider in the next place the mode 
of production of a wave of electric displace- 
ment. Imagine a dielectric cut up for con- 
venience of illustration into tubes which are 
slightly separated (see Fig. 2). Consider that 
along one tube we make an electric displace- 
ment away from the reader represented by the 
black circle or big dot in the middle tube. 
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By Maxwell’s principle this displacement 
whilst increasing or diminishing is in effect 
an clectric current, and creates round it a 
magnetic flux represented by the arrows. The 
action of this flux is to call forth a displace- 
ment in adjacent tubes of the dielectric and 
to tend to annul that already created. Hence 
it is easy to see that the operation of making 
an electric displacement along any line in a 
dielectric which is then left to itself must be 
to propagate out in the surrounding region a 
wave of electric displacement. Each portion 
of the medium successively and periodically 
sustains an electric displacement, and this, 
whilst increasing, creates an embracing mag- 
netic flux the operation of which is to annul 
the displacement which gave rise to it and 
re-create the displacement at points lying 
beyond. 

The process of alternating electric displace- 
ment and resulting magnetic flux repeated 
cyclically from point to point through the 
dielectric, constitutes an electric wave, and 
the velocity of this wave is measured by the 
value of 1/,/ Ku for that dielectric. By the 
velocity of the wave is meant the quotient of 
wave length by the periodic time. 

In considering these matters the question 
necessarily arises: What is it that constitutes 
an electric displacement in a dielectric ? 
Maxwell never committed himself to any 
opinion as to the exact nature of the physical 
change which he called the clectric displace- 
ment. Mr. Oliver Heaviside remarks para- 
doxically that the more general or more vague 
a physical theory, in one sense the more likely 
it is to be true, or perhaps we should say the 
less likely it is to be untrue. This vagueness, 
however, in this case is felt by some to be 
unsatisfactory; they want to know whether 
an electric displacement is an actual motion 
or a stretch, squeezs, or rotation of an ccthe- 
real medium or of the material dielectric. If 
told that not only do we not know, but that 
all theories on this matter are most probably 
wide of the mark, they are apt to feel a degree 
of disappointment. Yet we are on safer 
ground when we are content not to demand 
too much detail at present. Mechanical 
analogies are helpful as a guide, but we may 
easily become slaves to an analogy or a catch 
phrase. 

In order that we may create an electric 
wave we have, however, to cause an electric 
displacement in a dielectric and to release 
that constraint very suddenly, just as to pro- 
duce a compressional wave in air we have 
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to produce or release very rapidly an air com- 
pression. 

All these ideas had been grasped with 
some degree of clearness prior to the puls- 
lication of Hertz’s work, but to him we are 
indebted for a new departure on th- sul- 
ject which brought it at one stroke within the: 
region of experiment. Hertz equipped the 
secondary terminals of an induction 
with a species of Leyden jar or condenser. 
which is now known as a Hertz radiator. 
This consisted of a pair of metallic plates 
or sometimes balls, having attached te them 
short rods ending in knobs placed a fraction 
of a centimetre apart. These knobs were con- 
nected to the secondary circuit of th: 
Hence as the secondary electromotive torce 
accumulates, the plates are brought 
difference of potential, and lines of electrostatic 
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DIAGRAM REPRESENTING THE ELECTRICAL Git ve 
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displacement stretch out from one part ot the 
oscillator, which we will call the positive side. 
to corresponding points on the negative side, 
We have thus a strong electric displacement 
created along certain lines of electric force. 
Corresponding to a critical value ot the 
potential difference, the air insulation between 
the balls breaks down and it becomes highly 
conductive. Then the whole radiator becomes 
one conductor for the moment, and the potential 
difference begins to equalise itself, that is te 
say, a current flows from one side to the other, 
creating in the space around a magnetic thus, 
the direction of which is everywhere normal te 
the direction of the electric displacement. 
The electrostatic energy is, so to speak, melted 
down into electrokinetic energy. The thi 
then persists, and recreates in an opposite 


direction electric displacement. The con- 
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dition of the plates just prior to the passage 
et the air into the conductive condition is 
represented by the diagram in Fig. 3 (p. 116), 
where the U-tube drawn over the air gap is 
intended to afford a diagrammatic illustration 
or the production of oscillations by the sudden 
release of a strained material body. We may 
consider an illustration’ of the process as 
helleows 2 = 

Tet a that stretched steel spring represent 
the oscillator, and on it let a heavy disc be 
hewedl like awheel. Let the ends of the spring 
le tivecl and the disc turned round, the spring 
twisted. If then the wheel is 
released it begins to move under the action of 
the torsion! force. It acquires kinetic energy, 
when the twist of the spring has disap- 
peareel. the wheel is possessed of all the 
energy as roritional energy. This then expends 
itself in reproducing the twist of the spring in 
the apposite direction. 

If the electric oscillation in the oscillator is 
started! sutticiently suddenly, some of the 
energy is thrown off in the form of a displace- 
ment wave, ard as a consequence the oscilla- 
tions ot the radiator, as Bjerknes has shown, 
are quickly damped out. Accordingly, when 
the induction coil is kept going we have groups 
of intermittent oscillations, and therefore trains 
et cleetric waves thrown off which travel off 
or spread out through the dielectric. 

Hertz furthermore devised a resonator, a 
mest simple «ad marvelously effective device 
for detecting toese electric waves at any point 
This in its simplest form consists 
merely ot a nearly closed ring of wire, the ends 
being provided with metallic balls placed very 
close together. The ring may be a rectangle, 
aud it mav have a condenser inserted in its 
vireuit, as in tre arrangement due to Blondlot. 
In order that we may secure the sharpness of 
break in the air insulation which is 
necessary to obtain the oscillations, three 
things seem necessary. 

First, the spark ball surface must be bright 
and clean. Necondly, no ultra violet light rays 
must fall on the balls, especially on the nega- 
tive terminal: and thirdly, the balls must be at 
a certain distance apart best determined by 
Experienced, 

In deseribing experiments with the Hertz 
Oscillator, shall call the axis of the 
ratiator the direction of the line joining the 
centres of the spark balls, and the line through 
the spark perpendicular to this axis will be 
called the base line. Also the line joining the 
spark balls of the resonator will be called the 
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spark axis of the resonator. If the resonator 
is set in front of the oscillator with its centre on 
the base line, then there are three principal 
positions which the resonator may occupy. 
First its plane may be parallel to the axis of 
the radiator and perpendicular to the base 
line: we shall call this the first position. 
Secondly, the resonator may have its plane in 
the plane containing the radiator axis and the 
base line: we shall call this the second position. 
Thirdly, the resonator may have its centre on 
the base line and its plane perpendicular to 
the plane containing the radiator axis and the 
base line, and placed so that its plane passes 
through the spark gap: this will be called the 
third position. 

Hertz found that when the resonator is 
placed in each of these three positions respect- 
ively, but not too clos: to the radiator, and if 
at the same time the resonator is turned round 
in its own plane so as to bring the spark axis 
of the resonator into various positions, different 
phenomena present themselves. 

In the first place, if the resonator is placed 
in the first position, and with the spark axis of 
the resonator parallel to that of the radiator, 
then when the radiator is sparking, small 
sparks also occur between the spark balls of 
the resonator; but if the resonator is turned 
round in its own plane so that the spark axis 
of the resonator is perpendicular to that 
of the radiator, then no sparks occur at the 
resonator. 

In the next place, if the resonator is placed 
in the third position with its plane perpen- 
dicular to the axis of the oscillator, then no 
sparks are seen, whatever the position of the 
air gap of the resonator. 

When the resonator is placed in the second 
position with its plane parallel to and passing 
through the axis of the radiator, then sparks. 
are seen in the resonator air gap when that 
gap is turned towards the oscillator, but 
they become less and less bright as the 
resonator is turned round in its own planc, 
until when the air gap is turned away as 
far as possible from the oscillator they cease 
altogether. 

In order to explain this spark production in 
the resonator it is necessary to make reterence 
to an early fact discovered by Hertz. 

If the resonator is attached by a wire to 
one terminal of the induction coil, then when 
the coil is in action vigorous sparking is seen 
at the spark balls of the resonator unless the 
connecting wire is attached to the resonator 
at a point symetrical with respect to the spark 
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balls (see Figs. 4 and 5). This is due to the 
inductance of the resonator circuit. 

If the lengths of path measured along the 
resonator from the point of attachment of the 
wire to the spark gap are unequal, then owing 
to their unequal inductance the rise or fall 
of potential produced by the coil terminal 
takes effect first at the spark ball attached to 
the branch of smaller inductance. 

One might at first be inclined to suppose 
that no difference of potential could be created 
between two balls connected by a short loop 
of wire, but although this is the case when low 
frequency oscillations are used, it is not so 
when the frequency is very high. 

The same thing holds good when the 
resonator is not connected with the induction 


FIG. 4. 


FIG. 5. 


HERTZ RESONATOR ATTACHED AT AN UNSYMME- 
TRICAL POINT BY A WIRE TO A HERTZ OSCIELA- 
TOR AND HAVING SPARKS PRODUCED AT ITS 
SPARK GAP M. 


coil by a wire, but placed at a distance from 
the oscillator. In this case electric displace- 
ment produced by the radiator travels to the 
resonator through the dielectric. If the spark 
gap of the resonator is held parallel to the 
spark gap of the radiator, then the displace- 
ment or electric force arriving at the resonator 
fills the spark gap of the resonator and creates 
there an alternating displacement and an 
alternating potential difference between the 
balls. When this reaches a certain ampli- 
tude the air insulation breaks down and a 
small spark is produced between the ball 
terminals of the resonator. Even although 
the resonator and the spark balls are con- 
nected by the resonator wire, this does not 
hinder the creation of the spark, as the induc- 
tance of that wire makes ita practically perfect 
insulator to very suddenly applied potential 
differences. 
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If, however, the resonator is held in a 
position so that the line joining the spark balls 
isin a direction at right angles to the spark 
axis of the oscillator, then no spark will occur 
in the resonator, because the electric force 
arriving there is not in a direction to create 
potential difference between the balls. If, 
however, the plane of the resonator is in the 
plane containing the base line and the spark 
axis of the radiator, and if the spark gap of 
the resonator is so placed that its direction is 
perpendicular to the axis of the vibrator, then 
feeble sparking is seen in the resonator. This, 
however, is because the electric force distribu- 
tion is disturbed by the metallic circuit of the 
resonator. 

The direction of the electric force, and, 
therefore, the displacement travelling through 
space is then inthe neighbourhood of the spark 
balls of the resonator no longer parallel to the 
spark axis of the radiator, but is slewed round 
so as to be inclined in a direction to the spark 
axis of the resonator. Hence the effect is to 
cause a displacement across the air gap of the 
resonator, and therefore to create a spark. 

We may ask then, what are the functions of 
the wire of the resonator if the spark formation 
is due to the action of electric force propa- 
gated from the oscillator ? To answer this we 
must analyse a little more closely what takes 
place in the resonator when the spark passes. 

The resonator is a circuit possessing capacity 
and inductance, the spark balls forming, so to 
speak, the condenser portion of the circuit, 
hence it has a natural free period of electrical 
vibration. If in the space between the balls 
alternating electric displacement is produced, 
being propagated to that point through the 
dielectric, this displacement may or may not 
synchronise in period with the free period of 
vibration of the resonator. If it does time in 
with it, then the amplitude of the displacement 
oscillations is increased, and a point is reached 
at which the air insulation breaks down anda 
spark then passes. 

Owing to the fact that the resonator is a 
nearly closed circuit, it is a very bad radiator, 
and as Bjerknes has shown (Wied. Ann. 
vol. 44, p. 74, 1891), such a resonator has a 
very small coefficient of damping. If itis a 
circular resonator 35 centimetres in diameter 
as used by Hertz, it may make 1,000 vibrations 
before the oscillations are damped out. 

It is obvious, therefore, that oscillations can 
be most easily set up in the resonator circuit 
when the vibrations of electric displacement, 
which give rise to these oscillations propagated 
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tothe spark gap, are in a direction parallel to 
the spark axis of the resonator. 

In the case in which the resonator is placed 
with its plane lying in the plane containing the 
axis of the radiator and the base line, the 
distribution of electric displacement is dis- 
turbed, as already explained, by the metallic 
circuit of the resonator, and the advancing 
wave surface of displacement is distorted so 
that in crossing the spark gap of the resonator 
the displacement has a component parallel to 
the spark axis of the resonator, and therefore 
the conditions are such as to be favourable to 
the production of at least feeble sparking. 

Hertz’s most famous discovery with the 

above-described simple resonator was the 
proof he was able to give of the existence of 
stationary electric waves set up in a dielectric 
bounded by a sheet of metal. He attached to 
his induction coil terminals a radiator composed 
of two square sheets of metal 4o centimetres in 
size, each having a wire 39 centimetres long 
attached to it ending in a brass ball. These 
plates were arranged with the rods in one line 
and the balls about a centimetre apart, the 
direction of the rods being vertical. As a 
resonator he used a circular wire 35 centi- 
metres in diameter with the ends nearly 
meeting and furnished with spark balls. A 
large sheet of metal was set up at the end of 
the room, and the radiator with axis vertical 
placed at the opposite end. The resonator 
was then held with its plane parallel to the 
metal sheet and its spark gap parallel to the 
spark gap of the radiator. 

Under these conditions, if held near the 
metal sheet, no sparking occurred, but if 
moved away from it sparks were seen, and at 
a certain distance these sparks had a maximum 
brilliancy, but if the resonator was removed 
still farther from the metal sheet a position 
could be found in which the sparks again 
ceased. 

All along the base line, therefore, perpen- 
dicular to the metal sheet, it was found that 
there were positions of maximum and minimum 
sparking indicating a periodicity in the distri- 
bution of electric force in that space. 

A very important discovery in connection 
with this phenomenon was made by Sarasin 
and De la Rive (Comptes Rendus, March 31st, 
1891), who found that the distance between 
two non-sparking places essentially depended 
upon the size of the resonator and was ap- 
proximately equal te four times the diameter 
of the circular resonator. 

The earliest view-taken of the effect was 


that the radiator creates stationary dielectric 
waves of definite wave length, and that the 
resonator indicates this wave length by spark- 
ing when held as described at places of maxi- 
mum electric force. But it is found that the 
size of the radiator very little affects the re- 
sult. 

Another hypothesis was that the radiator 
sends out waves of all wave length resem- 
bling therefore white light, and the resonator 
picks out and responds to its own particular 
wave length. But this hypothesis is not justi- 
fied by any facts. The most probable ex- 
planation was that given by M. Poincaré, in 
1891, and also by Professor J. J. Thomson 
(‘‘ Recent Researches on Electricity and Mag- 
netism,’’ p. 402). The radiator, as shown by 


FIG. 6. 
Feebly Damped Oscillations. 
Resonator. 


FIG. 7. 


Strongly Damped Oscillations. 
Radiator. 


DIAGRAMS REPRESENTING FEEBLY DAMPED (FIG. 
6) AND STRONGLY DAMPED (FIG. 7) ELECTRICAL 
OSCILLATIONS. 


Bjerknes, is a very strongly damped system, 
and at each discharge hardly makes more 
than a dozen oscillations, even if so many, 
before its electrical vibrations are damped 
out (see Figs. 6 and 7). 

Suppose the resonator then held at a dis- 
tance from the metal wall equal to a quarter 
the wave length corresponding to this par- 
ticular resonator, then as the electric force 
passes over it, it will create a displacement 
between spark balls This displacement 
travels on, is reflected from the wall, and 
returns. If it returns at such a moment as 
to assist the displacement, then being made 
between the spark balls of the resonator, the 
amplitude of this displacement is increased and 
a succession of such assistances will break 
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down the insulation of the air and a spark 
will occur. It is clear, therefore, that this 
reinforcement of the displacement ampli- 
tude will occur when the distance of the 
resonator from the metallic wall is a quarter 
of its own wave length. Sarasin and De la 
Rive used resonators of various diameters (D) 
as shown in the Table below, and measured the 
distance }I. between places of maximum 
sparking in the resonator. 

TABLE I. 


© Distance between two adja- 


D 4D cent points of maximum 
sparking = $1.. 
t00 cms. 400 cms. 406 cms. 
75 300 282 
50 | 200 222 
35 140 152 
25 ICO 120 
20 80 8b 
10 40 38 


Accordingly the positions of the resonator 
when the maximum sparking takes place in 
its air gap reveal, not the wave length of pre- 
existing stationary waves, but the oscillation 
period or wave length corresponding to the 
resonator itself. Nevertheless they prove the 
existence of stationary dielectric waves in the 
space between the metal sheet and the 
radiator. 

Professor J. J. Thomson notes one point as 
yet unexplained. The above Table shows that 
the wave length is eight times the diameter of 
the resonator. If this is really the wave length 
of free oscillations of the radiator system we 
should have expected it to be equal to 2¥-times 
the diameter of the circular radiator and not 
to eight times. 

By making an estimate of the vibration 
period of the oscillator and measuring the 
wave length or double distance between two 
maximum sparking places as the resonator 
was moved alony the base line, Hertz was able 
to make an approximate estimate of the 
velocity of propagation of these electric waves, 
and show that it was of the same order as that 
of light. Since his time more accurate work 
has confirmed the above estimate, and shown 
that there is an almost absolute identity 
between the experimentally-determined velocity 
of light through air and that of electricallv- 
produced waves through the same medium. 
Hertz also showed that these waves were 
guided in direction by metallic wires. 
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Space will not permit us to enter inte a full 
discussion of these experiments, but the reseler 
must be referred for details to other sources or 
information.’ 

The exceedingly careful experiments of 
Messrs. Trowbridge and Duane on the prowa- 
gation of electric waves are, however, se valu- 
able a contribution to the subject that it ts 
desirable not to omit reference to them.* 

In studying the propagation of electric waves 
along wires experimentalists have generally 
employed some modification of conductor sys- 
tems usually called the Lecher arrangement, 
In this arrangement a Hertz oscillator consist- 
ting of two plates, as already described, is 
attached to the secondary circuit of an induc 
tion coil, and two other insulated plates are 
placed parallel and opposite to these respec- 
tively, but separated by a little distance. the 
dielectric being air or any suitable solid. To 
these last plates are attached long wires which 
extend parallel to each other through spice. 
When the coil is in operation and sparks 
passing between the primary spark balls, the 
rapid oscillation of potential of the plates of 
the Hertz oscillator creates similarly rapid 
changes of potential of the secondary plates. 
and hence produces electric oscillations in 
the long wires. The condition of these wires 
when of suitable length is then as follows : 

At certain places there are alternations of 
potential which may be called potential luups, 
and at other intermediate positions there are 
potential nodes or places of minimum potential 
variation. There is also a variation of current 
in different parts of the wires. In some places 
the current has a maximum value and in others 
a minimum. Accordingly, when we are deal- 
ing with the propagation of these rapid oscil- 
lations along wires, it 1s curious to tind that 
the current has not always the same strength 
in different parts of the same wire. 
currents may exist in some places and vet 
little or no current at all in other parts of the 
same continuous wire. 

If the ends of the wire are free or open, the 
current is necessarily zero at the free ends. 
In all these cases the places of maximum 
potential variation are those of minimum 
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e Hertz’s original papers are published under the tithe ot 
“ Electric Waves,” and have been translated inte: Eaglish bs 
Prof. ID. E. Jones. For a summary of Hertz’s werk see 
“ The Alternate Current Transformer,” vol, i, Je \. Fleming; 
also “Recent Researches in Electricity and Magnetism,” 
Prof. J. J. Thomson; and ‘The Work of Hertz," by Pr’, 
J Lodge. 
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current: or wce versd. There are many ways 
in which this distribution of current and 
fectential along the wires of the J.echer ap- 
paratus can be explored. If the variations 
ef potential are of sufficient amplitude, the 
position of the nodes and loops can actually 
be seen in a dark room by the unequal dis- 
tribution of a luminous glow surrounding the 
wire, bright at some places but less bright or 
absent at others. 

Hortz studied the propagation along wires 
inv placing his resonator with spark gap parallel 
te the wire along which the waves were travel- 
ling. and moving it to different positions. If, 
fer instance, a wire attached to a plate placed 
uppesite to one of the plates of a Hertz radiator 
is stretched out parallel to the base line, and 
tt « Hertz resonator is placed with its centre 
onthe base line and its spark gap parallel to 
this wire, then if the plane of the resonator is 
at the same time perpendicular to the plane 
containing the spark axis of the radiator and 
the basc line, we have seen that under these 
couditions the direct action of the radiator 
prealuces no sparking in the resonator. If, 
however, the resonator is placed in this position 
ancl moved along with its spark gap parallel 
-nd near to the stretched wire, small sparks 
ure seen at the resonator balls at some places, 
but net at others, thus showing a variation in 
the distribution of potential at different places 
alongs the stretched wire. 

Another method, due to Lecher, is to bridge 
over the wires with a vacuum tube, which can 
iw slid along into different positions. The 
vacuum tube may have in it rarified air with a 
trace of turpentine vapour, or it may be made 
of seme fluorescent glass. In any case, the 
tube is found to become luminous in some 
penitions and not in others. The vacuum tube 
inav be placed across the open ends of the 
wires, and these may be bridged across by a 
metal wire which is slid along into various 
In some positions of the bridge the 
victim tube will glow and in others it will 
nol. 

A third arrangement is to employ a bolo- 
meter. [f fine insulated iron wires are twisted 
round a wire in which oscillations are set up, 
and if these iron wires form part of one arm 
of a Wheatstone’s bridge, then it is found 
that the oscillations of current in the wires 
induce others in the iron wire which heat it 
and change its resistance ; the balance of the 
Wheatstone’s Bridge is thus upset. By sliding 
the iron wires along the wires conducting the 
oscillations it is possible to discover the places 
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of maximum and minimum current in these 
last conductors. 

A fourth arrangement is by the use of a 
quadrant electrometer having a needle con- 
nected to one pair of quadrants. By the use 
of this idiostatic electrometer we can explore 
the distribution of potential along the wires. 
These and several other methods enable us to 
measure the wave length of the oscillations of 
potential or current along wires. 

In the experiments of Messrs. Trowbridge 
and Duane referred to above, the Hertz 
oscillator consisted of a pair of sheets of tin 
foil separated by a very thick sheet of ebonite. 
These sheets of tin thus forming a condenser, 
were connected to spark balls and formed a 
primary oscillator. Outside these sheets of 
tin were placed other sheets of ebonite, and 
then two more tin foil plates connected by a 
wire laid out in a long rectangular form. At 
the far end of this secondary circuit was a 
small spark gap with pointed cadmium 
terminals. When oscillations were set up in 
the primary condenser circuit, sympathetic 
oscillations were excited in the secondary 
circuit, and by adjusting the length of wire in 
the secondary circuit it was brought into 
resonance with the primary. It was then 
found that there was a current node at the. 
central point and ventral or maximum current 
points at other places along the two parallel 
sides. The positions of these places on the 
wire were determined by the bolometer. 

The vibration period of the secondary circuit 
was determined by photographing the secon- 
dary spark. Hence observations gave the 
frequency and the wave length. The mean of 
a very large number of observations with this 
apparatus enabled Messrs. Trowbridge and 
Duane to prove that the velocity of the waves 
along wires was equal to 3 X 10 centimetres 
per second, that is the same as the best deter- 
mination of the velocity of the light in air. 

The material of which the wires are made, 
as long as it is not magnetic, has no effect 
upon the result. These facts show that the 
effects must really be due to the propagation 
of dielectric waves in the space between the 
wires, and experiment shows that their velocity 
is sensibly the same as that of free electric 
waves in space. In other words, the wires 
only guide the waves. 

The distribution of electric force or displace- 
ment is such that it is perpendicular to the 
surface of the wires, and the magnetic force or 
flux is perpendicular to the electric dis- 
placement. | 
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‘Before proceeding to discuss the special 
properties of electric radiation, it will be con- 
venient to make a brief allusion to other 
methods of detecting electric waves. 

One of these, which has proved most useful 
in practice, is based upon the properties of 
aggregations or of metallic microphonic con- 
tacts of becoming changed in resistance by 
the impact of electric waves. The late Pro- 
fessor D. E. Hughes undoubtedly proved in 
1879 that a tube loosely full of metallic powder 
was by the action of an electric spark at a 
distance caused to pass from an electrically 
non-conductive to a conductive condition.* 
It was not, however, until 1891, when Professor 
E. Branly described his experiments on the 
same subject, that the effect of electric sparks 
upon loose agglomerations of metallic particles 
was examined with sufficient care.t 

The term ‘‘ Coherer,’’ which was introduced 
by Dr. Lodge to describe a loose or micro- 
phonic contact between metal surfaces, balls, 
or points and plates, has passed into general 
use to describe any form of loose collection of 
metallic particles in a tube which is affected 
as regards conductivity by electric waves. 

The chief property of such a loose or imper- 
fect microphonic contact, whether between 
single pieces of metal or innumerable particles 
of metal, is that large variations of resistance 
can be made in a circuit containing it when 
the microphonic contact is exposed to the 
action of electric force. 


_ It appears, however, from the experiments | 


of Professor Bose (see Proc. Roy. Soc. Lond., 
July, 1899, vol. 65) that this variation is not 
always a reduction in resistance. If the sub- 
stances in loose contact are pieces of clean 
potassium immersed in paraffin oil, the action 
of the electric waves, according to Professor 
Bose, is to produce an zacrease in resistance. 
This fact alone shows that we must be cautious 
in making theories as to the cause of the com- 
mencement of electric conductivity in these 
cases. Moreover, the same investigator has 
found that a sensitive tube made with certain 


* For an account of Professor Hughes’ early work see 
Fahic’s “ Wireless Telegraphy,’’ Appendix D; or Edectré- 
cran, vol. 43. p. 40, May, 1899. 

t For an account of the investigations of Professor Eduard 
Branly on “The Electrical Conductivity of Discontinuous 
Conducting Substances,” sce “La Lumière Electrique,)’ 
May 16th, 1891; or Elecfrician, vol. 27, p. 221. Also 
Comptes Rendus, December 6th, 1897, or Electrician, vol. 
40, p. 333; also Comptes Rendus, July 25th, 1898, or Elec- 
frictan, vol. 48, p. 87; also sce Dr. Dawson Turner's paper 
oa ‘Experiments on Electrical Resistance of Powdered 
Metals,” Proceedings of the British Association, Edinburgh, 
1892; or Electrician, vol. 29, p. 432. 


powdered metals, such as arsenic, exhibits a 
different behaviour to strong and weak electric 
radiation. A given radiator increases the re- 
sistance of powdered arsenic when the tube is 
within a certain critical distance, but reduces 
it if placed beyond that distance.* 

It has been suggested that the phenomenon 
of the coherers of two metallic surfaces at first 
lightly but not electrically in contact, under 
the action of an electric wave is due to the 
creation of a large difference of potential be- 
tween them, and that they are thereby drawn 
together and cohere. 

It may be, however, that a chemical action 
between the metal particles and the dielectric 
in which they are immersed, when a gaseous 
liquid or solid, is an essential part of this 
change in resistance. Metallic particles em- 
bedded in solid dielectrics like gelatine or 
collodion can also be made to pass from an 
insulating to a conducting condition by the 
action of an electric wave.t 

In the case of tubes partly full of loose 
metallic filings the nature and pressure of the 
atmosphere included in the tube undoubtedly 
exercises a great influence on its behaviour 
under electric waves. The employment by Mr. 
Marconi of a good vacuum is unquestionably 
a factor in his production of an extremely 
sensitive and reliable detector. 

It appears, therefore, that so far from an 
increased conductance being invariably the 
result of the action of electric force on a loose 
contact, it may either be an increase or a 
decrease. It will probably be found that when 
the matter is more fully explored these facts 
fit in with and explain many previously un- 
intelligible phenomena. 

Many years ago Edison invented an instru- 
ment which he called an electromotograph, 
and made it the foundation of his well-known 
chalk cylinder telephone receiver. He dis- 
covered that the friction and therefore the 
coherance between certain surfaces, such as 
a metal surface and a chalk surface moistened 
with solutions of certain salts, was greatly 
decreased by passiug a current through them. 

Neugshwender has discovered (see L£vec- 
trical Review, vol. 44, May 26, 1899) that 
a film of moisture caused by breathing on 
a scratch made in a silver Coating on a glass 


* See Professor J. C. Bose on'“ Electric Touch and the 
Molecular Changes produced in Matter by Electric Waves,” 
the Electrician, vol. 44, p. 626, 1900. 

+ See Minchin on “ The Action of Electromagnetic Radia- 
tion on Films containing Metallic Powders,’’ Proc. Phys, 
Soc., Nov. 24th, 1893; or the Electrician, vol. 22, p. 123. 
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plate -was sensitive to electric waves, the 
result being an increase in resistance (see 
Wied. Ann., vol. 68, p. 92). In one case 
the resistance of the film was raised from 
50 ohms to 90,000 ohms by the impact of 
electric waves, the scratch being 20 millimetres 
long and one-third of a millimetre wide. 
Contrary to expectation, the property was not 
destroyed by evaporating the film, and this 
ied Neugshwender to suspect that metallic 
salts dissolved in the moisture had something 
to do with the phenomenon. 

It may therefore prove to be the case that 
increase or decrease of conductivity in hetero- 
geneous substances by the action of clectric 
waves is not only a more or less universal 
phenomenon, but is a complex effect, and not 
explained sufficiently by christening the con- 
ductor a coherer. 

In view of the fact that a marked increase in 
resistance is the result of the action of electric 
force on certain conductors, it might be better 
to abandon the terms coherer as somewhat in- 
apt in many cases, and simply call these sub- 
stances sensitive to electric force or electric 
waves electrovariable conductors, denoting 
them positive or negative according as the 
conductance increases or decreases. 

Accordingly, most powdered metals, loose 
metallic contacts, loose aggregations of carbon 
particles, and other substances, may be called 
posttive electrovaritable conductors, because 
they increase in conductivity by the action 
of an electric wave; whereas aggregations of 
particles of the alkaline metals, films of mois- 
ture on glass, certain films of metallic salts, 
and other substances, may be called negative 
electrovariable conductors.* 

In the next place, as regards the construc- 
tion of these electrovariable conductors, it is 
impossible to describe a fraction of all the 
work that has already been done on them. No 
one has bestowed more minute attention to their 
practical construction than Mr. Marconi, and 
the result of his labours has been the evolution 
of a marvellously sensitive and certain instru- 
ment. As in many other electrical appliances, 
dimensions are an important factor in success, 
and Mr. Marconi has attained his results by 
the recognition that a sensitive or electro- 
variable conductor is best made by employing 
a very minute amount of nickel and silver 
filings included between silver plugs only one- 
fiftieth of an inch apart and sealed up in a 
vacuous glass vessel (see Fig. 8). 


* Prof. J. C. Bose has employed the terms positive and 
nogative in the same sense. 


In the case of these positive electrovariable 
substances the usual method of bringing them 
back again into a condition of high resistance 
is by an appropriately administered tap so as 
to disturb the small metallic particles and 
break down the connection between them. 

There are other ways, however, by which a 
similar return to the high resistance condition 
can be effected. One of these is by heating, 
and another method in the case of magnetic 
particles such as those of iron or nickel, is 
the employment of an alternating or moving 
magnetic field. 

For many laboratory experiments it is not 
necessary to place the metallic filings in a 
vacuum in making a sensitive tube. The 
following simple construction is one which I 
have found easy to make and reliable in use. 
Two small plates of silver are bent into the 
shape of the letter L, and then placed back to 
back separated by a small slip of celluloid or 
ivory a millimetre in thickness, in which 1s cut 
out a deep U-shaped notch. The silver and 


Fie. 8. 
Nickel and Silver 
Filings 


Silver Rod 
MARCONI COHERER TUBE, 


Silver Rod 


ivory slips are bound together with silk. The 
arrangement then forms a very narrow cell 


with silver sides and open at the top. A 
wedge of ivory or fibre fits into the open 
end of the cell and forms a lid. Into the 
narrow crevice between the two silver plates is 
introduced a very small quantity of nickel 
filings and the right amount determined by 
trial. Two thin insulated wires are soldered 
to the L-shaped silver pieces. The whole 
arrangement is carried on an extension of the 
armature of an electric bell magnet which 
plays between two screw stops. 

If a current is sent through the magnet 
suddenly, it attracts the armature and gives 
the cell carried on it a jerk which, when 
properly adjusted, is sufficient to bring back 
the nickel filings to a non-conductive condition. 

A few trials with a small electric gas lighter 
and a galvanometer and cell in series with the 
sensitive cell are sufficient to enable one to 
adjust the quantity of nickel filings in the cell 
to the right amount. 

So arranged, the cell becomes conductive 
when an electric spark is made near it, and is 
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brought back to a non-conductive condition by 
sending an intermittent current through the 
clectro-magnet and giving the cell a few jerks 
or shakes. Much of the success depends 
upon the adjustment of the right amount of 
filings and the limitation of the vibrations of 
the electro-magnet armature. 

A sensitive cell of this kind properly con- 
structed is marvellously sensitive to the 
passage over it of an electro-magnetic impulse. 
For many purposes it cannot take the place of 
a Hertz resonator. The sensitive tube responds 
apparently equally well to electric waves of all 
wave length. It is, so to speak, electrically 
colour blind. 

On the other hand the Hertz resonator is as 
we have seen especially sympathetic to electric 
radiation, having a frequency equal to its own 
natural time period. 

Turning then to the results of investigation 
with these and other electric ray detectors, we 
have in the first place to notice the proofs that 
have been given that the electric radiation 
sent out from a Hertz or similar oscillator, 
resembles in all respects plane polarized light. 

We are familiar with the fact that the light 
transmitted through a thin crystal of tourma- 
line, or either of the two rays transmitted and 
produced from one incident ray by Iceland 
Spar, is in a condition in which it is non- 
symmetrical with respect to the direction of 
the ray. The ray transmitted by one tour- 
maline crystal is incapable of passing through 
a similar crystal placed with its axis at right 
angles to the first. 

Moreover, this plane polarized light is sus- 
ceptible of reflection, refraction, and of pro- 
ducing interference with other rays. Similar 
qualities characterise the electric radiation, 
and these can be demonstrated by remarkable 
experiments. 

The ever memorable achievement of Hertz 
was that he first threw open the entrance into 
this new and fertile field of investigation. 

- It is a difficult matter even to repeat Hertz’s 
experiments on this subject in a laboratory, 
and almost impossible to show them to an 
audience. Nevertheless, the facts are so im- 
portant, and an experiment shown is so much 
more valuable than a statement, that I have 
devoted much attention to devising apparatus 
suitable for lecture purposes by which the prin- 
cipal facts of electro-optics can be shown even 
to large audiences. For this purpose I have 
constructed a special form of radiator and 
receiver. The radiator consists of a zinc box 
with one end closed, but open at the opposite 


end. From the sides of the box protrude zinc 
tubes. In these zinc tubes are fixed ebonite 
tubes, each of which contains a rod of brass 
4 inches long, ending in a brass ball 1 inch in 
diameter. The rods are attached to long 
spirals of gutta-percha covered wire, which 
fill up the rest of the ebonite tube. 

The rods are so fixed that the balls are held 
about a millimetre apart in the interior of the 
zinc box. The outer ends of the wire spirals 
are connected with the secondary circuit of 
an induction coil. When the coil is in action 
sparks pass between the balls and create 
electric waves about 8 inches in wave-length, 
which issue from the open mouth of the zinc 
box. The use of the wire spiral at the end 
of the rod is to prevent the waves from 
travelling out at the side tube. 

The receiver consists of a similar box con- 
taining a simple form of nickel-filings coherer. 
The wires in connection with the coherer are 
brought out through a metal pipe, which must 
be screwed or soldered into the box. This 
pipe is a couple of yards in length, and leads 
to an open metal-box, in which is placed an 
electric bell, battery, relay, and relay battery, 
so joined up that when the metal filings in the 
sensitive tube became conductive the relay is 
traversed by a current and sets the electric 
bell in action. The sensitive tube is restored 
to non-conductivity by giving the receiver-box 
a smart knock with the fingers. The radiator- 
box is held on a stand, so that it can be placed 
with its axis at any angle. 

Furnished with this apparatus, we can 
generate a nearly parallel beam of electric 
radiation, the wave length of which is only 
about 8 inches. By its aid we can follow out a 
series of demonstrations, proving, as Hertz 
first showed, that this radiation is capable of 
reflection, refraction, and interference, and 
that various substances are opaque to it and 
others transparent. Moreover, this radiation, 
he showed, was stopped by a grating of fine 
wires placed with their direction perpendicular 
to that of the electric force or axis of the 
radiator. Since Hertz’s experiments were 
made, many have traversed the same ground, 
and gleaned much additional knowledge. 

It is now well known that to produce success- 
fully on a moderately small scale optical effects 
with electrical radiation, it is necessary to 
employ radiators of small dimensions. 

Prof. A. Rhigi, in 1894, described investiga- 
tions made with an oscillator consisting of two 
small metallic spheres, 3°75 centimetres in 
diameter, immersed in oil. These, when 
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actuated by a large induction coil, produced 
electric waves 10°6 centimetres in length. 
The resonator consisted of a piece of glass 
silvered along æ certain strip four centimetres 
in length, and one-fifth of a centimetre in 
diameter. Across the centre of this strip a 
minute scratch was made, forming the spark 
gap, and a microscope was employed to observe 
the tiny sparks in this spark gap. 

With this apparatus, or with another circular 
or ring-shaped resonator formed in the same 
way of silver deposited upon glass, Rhigi 
obtained electrical equivalents of all the fami- 
liar optical facts, the resonator acting as an 
eye to detect the invisible radiation. Since 
that, other workers such as Lebedew and 
Lampa have, by reducing the dimensions of 
the apparatus yet further, decreased the wave 
length of electrical waves to about four centi- 
metres, and obtained electrical radiation the 
wave length of which is only 50 to 60 times 
longer than that of the longest heat rays which 
have been sifted out by repeated reflection 
from a luminous source of radiation such 
as the Welsbach gas radiator. 

This electrical radiation penetrates easily 
through dielectric bodies. It is completely 
reflected from metallic surfaces, and is also 
more or less reflected from the surface 
of insulators. 

These facts I can easily show to you with 
my apparatus. If the radiator-box and re- 
ceiver-box are placed with their open ends 
towards each other and about a couple of 
feet apart, the axes being in the same straight 
line we find that on pressing a key in the 
primary circuit of the induction coil the bell 
in the receiver circuit rings. If, however, a 
sheet of tin, or tin foil or even of silvered 
paper is interposed the radiation is cut off. 
A sheet of perforated zinc, a wet duster, and 
even the human hand or body are found to be 
perfectly opaque. On the other hand a slab 
of wood, paraffin, wax, pitch, glass, ebonite, 
leather, dry cloth, and all other insulators are 
transparent. Conductors of any kind are 
opaque. Amongst liquids, water, alcohol, 
glycerine, and amyl alcohol are also opaque, 
whilst paraffin oil, turpentine, bi-sulphide of 
carbon, and creosote are very transparent. 

If we turn the radiator so that its open mouth 
is not directly towards that of the receiver we 
find that the receiver is not affected, showing 
that the radiation is not entering it. We can, 
however, reflect the radiation into the receiver 
by using as a reflector a sheet of metal, a wet 
cloth, the hand, or a sheet of glass. We can 
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easily prove that this radiation obeys the 
optical law, and that the angle of incidence is 
equal to the angle of reflection. All good 
reflectors are opaque to the radiation. It is 
curious to notice how much of the radiation 
is reflected from a sheet of window glass, even 
although glass is a very good non-conductor. 

By examining the reflection from dielectrics 
such as glass and paraffin, FitzGerald and 
Trouton were enabled to settle the long dis- 
puted question as to the direction of the 
vibration in relation to the plane of polarization 
in plane polarized light. 

According to Fresnel, the luminous vibra- 
tion was at right angles to the plane of 
polarization, that is to the plane of reflection 
when light was polarized by reflection ; whilst 
according to MacCullagh, it was at right 
angles to that plane. 

The theory of electric waves indicates as we 
have seen that we are concerned with two 
vectors, one the magnetic flux and the other 
the electric displacement, and that both these 
periodically vary. Theory indicates that the 
electric force is perpendicular to the plane of 
polarization. This conclusion was verified by 
FitzGerald and Trouton, for electric waves 
were found not to be reflected at the polarizing 
angle from the surface of a dielectric when 
the electric force is parallel to the plane of 
polarization, but reflection occurred at all 
angles when the electric force is perpendicular 
to that plane. In the electric ray, therefore, 
the electric force is perpendicular to, and the 
magnetic force parallel to, the plane of pola- 
rization. 

Some of the most interesting results of the 
study of electric waves are those which have 
flowed from experiments on the refraction of 
these electric rays. By the use of a colossal 
prism of pitch, having a refracting angle of 
30°, Hertz was able to discern a refraction of 
22° when long electric waves were incident on 
the prism indicating a refractive index of 1°69. 
It is convenient to call the refractive index so 
determined, the electrical refractive index, and 
the refractive index for luminous or visible 
light, the optical refractive index. 

With the apparatus before you it is very easy 
to exhibit the power of insulators to refract 
this radiation with a prism of quite small 
dimensions. I have here, as you see, a paraffin 
prism having a refracting angle of 60°, the 
length of each side being about six inches (see 
Fig. 9). If we set the radiator and receiver boxes 
in such positions that the electric ray emerging 
from the radiator just escapes the receiver 


126 


and so does not directly affect it, we shall find 
that on introducing the paraffin prism in the 
path the electric ray is refracted just as would 
be a ray of light by a glass prism. Witha 
little care it is easy to measure the deviation of 
the ray produced by the. prism, and hence to 
calculate the electric index of refracture of the 
material. Ihave in this manner measured with 
my apparatus the refractive index of paraffin 
wax and also of dry ice, employing for 
this purpose a large ice prism, cut with the 
saw out of a block of ice. The refracting 
angle (z) of the paraffin prism was 60°, and the 
minimum deviation (d) of the electric ray pro- 
duced by it was 45° to 50°. In the case of the 
ice the refracting angle of the prism was 50°, 
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The values obtained by electrostatic methods 
for the dielectric constant of paraffin wax give , 
numbers not far from 2. The values obtained 
for ice at or near o°C. by low frequency or 
electrostatic methods give values near 8o. If, 
however, the ice is taken at very low tempera- 
tures ( — 190°C.), then for low frequency or 
find values of the dielectric constant near 3°0 
and under. (See Fleming and Dewar, ‘‘ Proc. 
Roy. Soc.,’’ vol. 61, p. 2, 1897, on the “ Di- 
electric Constant of Ice at Low Tempera- 
tures.’’) i 

It is interesting to notice that M. C. Gutton 
(Comptes Rendus 130, page 1119, 1900; or 
‘Science Abstracts,” vol. 3, p. 545) has, by 
another electrical wave method, determined 


FIG. 9. 


and the minimum deviation of the ray was also 


50°. Hence by the formula : 
Sin +4 

2 
r= F 
Sin — 


we have for the paraffin a value of the electric 
refractive under 7, 

Sin °° + 50° 

2 _ Sings 

Sin 20° Sin 30° 


r = 


= 2 Sin 55° = 1°64 


and for the ice, 
Sin 5° + 50 
2 


By Maxwell’s law the squares of these in- 
dices should be equal to the dielectric constant. 
The square of 1°64 is nearly 1°8, and the 
square of 1°83 is nearly 3°34. 


the electrical refractive index of dry ice at a 
little below o° C. He found, as I also 
have done, that ice did not perceptibly 
absorb electric waves. He determined the 
refractive index to be 1°76, corresponding 
to a dielectric constant 351. The wave length 
used was 14 millimetres. He also measured 
the refractive index for waves of 25 centi- 
metres in length, and up to 2,000 centimetres. 
He discovered that the electric refractive 
index progressively decreases from 1°76, corre- 
sponding to the 14 millimetre waves, down. 
to 1°50 for waves 2,088 centimetres in length. 
This last gives a dielectric constant of 2°25, 
which is not far from the value, 2-0, found by M. 
Biondlot for still greater wave lengths. Hence 
the rather rough experiment made by me with 
an ice prism gives a result for the dielectric 
constant of ice which is not greatly different 
from those found by other electrical methods 
when the disturbing influence of temperature is 
eliminated. The observed values of the devia- 
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tion of the ray by the prism used by me are 
unquestionably only approximate values, as the 
radiation emitted from the radiator is far from 
being a well-defined ray. It is remarkable in 
fact that when dealing with radiation, the wave 
length of which is so large compared with the 
dimensions of the prism, one should be able to 
obtain any well marked refraction at all. 

I have also succeeded with the same appa- 
ratus in showing the total internal reflection of 
the ray by a right angled prism of paraffin. 
Most interesting of all, however, is the con- 
centration of the electric ray by paraffin 
lenses. I have here a plano-cylindrical lens of 
paraffin wax (see Fig. 10). The radius of curva- 
ture of the curved side is six inches, and the focal 
length is twelve inches. Two conjugate foci 
exist for such a lens (made of a material of 


refractive index 20) at distances 24 inches on 
either side of the lens. If we place our 
radiator-box and receiver-box at a distance 
of four feet we may so adjust the receiver that 
the direct radiation is too weak to cause the 
bell to ring. If we interpose the paraffin lens 
half-way between it converges the radiation 
on to the receiver and creates an electrical 
focus and the bell of the receiver at once rings. 
This shows clearly that the paraffin lens 
gathers up the diverging electric radiation 
and focuses it on to the receiver. 

With the same apparatus interesting experi- 
ments can be shown illustrating the action of 
gratings on this electric radiation. 

If we interpose in the path of the ray a grid 
made by winding wire over a frame, it is found 
that this grid is opaque to the radiation if the 
wires are held parallel to the electric force of 
the ray, but transparent if they are held parallel 
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to the magnetic force. The reason for this 
seems to be that in the former case secondary 
electric currents are set up in the wires, and 
these shield the receiver from the original 
radiation, because the magnetic force of the 
induced current is exactly opposite in phase to 
the magnetic force of the original ray at that 
point where the wire is situated, and hence a 
complete shielding takes place. 

I find that a set of large pins, arranged 
parallel to each other at a little distance apart, 
acts in a similar manner, but a set of very 
small or midget pins similarly arranged is not 
an effective screen. The use of the small pins 
simply amounts to the cutting up of a large 
wire into very short lengths, and this effectually 
prevents the induction in it of any sensible 
current. TE 
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A large number of different methods have 
been employed for determining the electrical 
refractive index of dielectrics. One of the 
most simple of these is to employ a Hertz 
resonator of rectangular form, having spark 
balls at the centre of one side and a. wire 
attached to the centre of the opposite side, 
this wire being connected to the secondary 
terminal of an induction coil. When the coil 
is set in operation, no sparks would then be 
found to occur at the spark balls of the 
resonator, because the electrical oscillations, 
starting from the point of origin, arrive at the 
spark balis by two different routes of equal 
length. If, however, one side of the rectangle 
is immersed in paraffin, sulphur, or any other 
dielectric, the equality is broken down and 
sparking would occur. This sparking can 
only be stopped by lengthening the opposite 
side of the rectangle, so as to increase its in- 
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ductance, and when this is the case, the 
product of inductance and capacity of each 
side must be equal. Hence we can deduce 
the dielectric constant and therefore the re- 
fractive index of the material in which one 
side of the rectangle is immersed. 

Experiments of this kind made by Prof. J. J. 
Thomson, to determine the electrical index of 
refraction of paraffin and sulphur, gave values 
respectively of 1°35 and 1°7, indicating dielec- 
tric constants equal to 1°8 and 2°9. 

By a similar and more sensitive arrangement, 
Arons and Rubens found the electrical refrac- 
tive. indices of certain substances to be as 
follows :— 


(Castor Ol) sasis careca nanak ici sran 2°05 
Olive Oil ....... iweiwesocaveetoes. 71 
RYO) cewsdeeatess eocccccccccccccese 1°50 
Petroleum.. iiss scecéveveccessce 2°40 


The values for the electrical refractive index 
were found to be in fair agreement with the 
dielectric constants of the same substances, as 
determined by slow alternations of electric 
force. 

Similar measurements have been made by 
A. D. Cole, by determining the reduction in 
wave length which occurs when the parallel 
wires of a Lecher arrangement are passed 
through a trough containing liquid. Cole has 
measured in this way the electrical refractive 
index of water and alcohol (Wied. Ann. 57, p. 
290, 1896). 

In the first experiment, waves having a wave 
length of 300 to 600 centimetres length in air 
were used. The wave length in water for the 
same frequency was about one-ninth part of 
the above length, the exact ratio being 8°9, 
which is therefore the exact refractive index of 
water. This number agrees very well with 
similar measurements by Drude, using waves 
of 60 centimetres in length, which gave the 
value 8°7 for the electrical refractive index of 
water. The square of 8-9 is 79°21, which is 
almost identical with the value of the dielectric 
constant of water as determined by electro- 
static methods, such as that employed by 
Hecrwagen. 

Electrical waves having wave length 209 
centimetres in air have been found to give for 
alcohol an electrical refractive index of 5:24, 
and the square of this last number agrees very 
well with the electrostatic or low frequency 
determinations of the dielectric constant of 
alcohol. 

By employing short electric waves, five centi- 
metres or so in wave length, Cole was able to 


water and alcohol by an indirect method. A 
sheet of zinc, one millimetre thick, is found to 
reflect the electric ray practically without loss 
at 45° when the electric component is perpen- 
dicular to the plane of incidence. Measure- 
ments of the reflective power of a water surface 
at the same incidence (45°) show that the 
reflective power is 71°8 per cent. when the 
electric component is perpendicular to the 
plane of incidence, and 52°7 per cent. when 
the electric component is parallel to the plane 
of incidence. In this latter case the zinc 
surface would reflect 92 per cent. 

By applying two formulz due to Fresnel, 
the index of refraction can be determined from 
these data. For water, the value deduced 
was 8°85, for alcohol the electrical refractive 
index lies between 3°15 and 3°25. 

Hence, it appears that in the case of alcohol 
there is a rapid diminution in the refractive 
index as the wave length is shortened for 
300 to 600 centimetres to 5 centimetres, but for 
wave lengths within the above-named range 
little or no such diminution occurs in the case 
of water. 

The above facts, however, show that in the 
case of both these fluids there must be con- 
siderable anomalous dispersion. It is well 
known that within the limits of the ordinary 
visible spectrum a decrease in the wave length 
of the refracted light is accompanied by an 
increase in refractive index in the case of most 
transparent bodies. 

For instance, when light passes through 
water, alcohol, or bisulphide of carbon, the 
waves which produce the sensation of violet 
light are shorter in wave length and have a 
larger refractive index, and are therefore more 
refracted than those which produce the sensa- 
tion of red light. But this is not universally 
the case. Many substances are known, such, 
for instance as an alcoholic solution of 
fuchsine, which possess anomalous dispersion, 
and for these substances the red rays are not 
less refracted than the violet, but the order of 
the colours in the spectrum is entirely changed. 
If light is passed through a thin prism formed 
with the above solution, the violet rays are 
found to be less refracted than the red. This 
anomalous dispersion always accompanies 
great local absorption in the spectrum; and 
as Kundt has pointed out, wherever there is a 
strong absorption band in the spectrum the 
refractive index is abnormally increased below 
the band and abnormally diminished above 
the band in going up the spectrum from the 


measure the electrical refractive indices of i red to the violet. 
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In the case of water the optical refractive 
index for waves having a wave length within 
the limits of the visible spectrum is a number 
lying between 1°4 and 1'3, a decrease in the 
refractive index within these limits correspond- 
img to an increase in wave length. If, however, 
the incident wave length is increased in length 
up to 5 centimetres or upwards, by employing 
electrical waves the refractive index rises to a 
number not far from 8-9, and all experiments 
show that when using electric waves having 
wave lengths between the limits of six metres 
and six millimetres, the electrical refractive 
index of water is a number not far from 8°9. 

Hence there must be a large fall in refractive 
index in passing from the frequency 6X10", 

corresponding to waves of 5 millimetres in 
length to the frequency of 400 X 10", corres- 
ponding to the waves which give rise to red 
light which have a wave length of about 
1/1300th of a millimetre. 

Accordingly it is clear that, in the case of 
water, there must be a marked anomalous dis- 
persion. This may be connected with the 
strong absorption band which is known to exist 
in the case of water in the ultra red spectrum. 

For alcohol it has been found that in passing 
from electric waves having a wave length of 
8 or 9 metres to waves having a wave length of 
about 8 millimetres, the electrical refractive 
index drops from a value of 5 or thereabouts to 
a value of 2°5. In other words, the refractive 
index diminishes with the wave length, hence 
it is clear that here also there must be 
anomalous dispersion. 

One of the results which has emerged from 
these investigations is the proof that is afforded 
by them of the fact that a change in frequency 
has a very much greater effect upon the elec- 
trical refractive index of some substances than 
Others. Thus, as regards ice, it has been 
shown by M. E. Bouty* that when using low 
frequency alternations of electric force, the 
dielectric constant of ice at —23° C. and up- 
wards has a value 78:8. Dr. J. Hopkinson 
and Professor E. Wilson also made determina- 
tions of the same constant, and found that for 
alternations lying between 10 and 100 a second, 
the dielectric constant of ice is a number of 
the order of 8o. 

M. Blondlot (Comptes Rendus, vol. 119, 
1894, p. 595), using electric waves, has mea- 
sured the electrical refractive index of ice and 
found a value of 1°41 for it, corresponding to a 
dielectric constant 2. The experiments of Dr. 
Hopkinson and Professor Wilson showed that 


* “ Journ. de Physique,”’ vol. i., 1892. 


the dielectric constant of ice measured with 
a frequency of a million is a number less than 
3°0.  Blondlot’s value for the electrical re- 
fractive index of ice has been confirmed by A. 
Perrott (Comptes Rendus vol. 119, p. 601, 
1894), who found the value of 1°43 of the elec- 
trical refractive index. 

We see, therefore, that for even, compara- 
tively speaking, very moderate frequencies 
the electrical refractive index of ice falls to a 
value not far from that of its optical refrac- 
tive index, whereas over the same range of 
frequency the electrical refractive index of 
water still maintains a value 8°g which is far 
above the value of its optical refractive index. 
This and many other similar facts appear to 
show that when liquid dielectrics of high 
dielectric constant pass into the solid state 
these abnormally large values of electrical 
refractive indices are more easily reduced to 
an approximation in value to the optical re- 
fractive indices by increased frequency than 
are those of the corresponding liquids.* 

As regards glass, Bose has measured the 
index of refraction of glass for electric waves 
by a method resembling the optical method 
of total reflection due to Terquem and 
Trannin, using electric waves having a fre- 
quency of 10" or a wave length of 3 centi- 
metres. By four different methods he found a 
value for the electrical refractive index of glass 
close to 2°04; the value of the optical refractive 
index for the D rays for the same glass was 
1°53. The dielectric constant of this glass 
when determined by static methods would 
probably have yielded a number not far from 
6, the square root of its dielectric constant 
would probably have been a number lying 
between 2°5 and 3. Hence the electrical 
refractive index has a number approximating 
more closely to the optical refractive index 
than does the square root of the static 
dielectric constant. 

Leaving out of account questions of the 
absorption of energy, the facts show then that 


‘electric waves travel very much more slowly 


through dielectrics than through empty space. 
In the case of water, the velocities in space 
and water are in the ratio of g to 1, for any 
electric wave lengths yet produced ; whilst for 
visible light waves the ratio is more nearly 
1°3to1. We find that for alcohol the wave 
velocity ratio is 5 to 1 for long electric waves, 
and 2°5 to 1 for the shortest electric waves yet 


* See Fleming and Dewar, ‘‘ Note on the Dielectric Con- 
stant of Ice and Alcohol at very Low Temperatures,” Proc. 
Roy. Soc., vol. 61, pp. 2 and 316. 
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produced ; whereas for visible light waves the 
ratio is only about 1°3 to 1. 

When, however, we select such substances 
as paraffin oil, turpentine, many hydrocarbons, 
liquid oxygen, or bodies of simple chemical 
constitution, we find no such great difference 
between the velocities of the electrical and 
light waves of very different wave length. 
Then again it has been shown that very low 
temperature annuls this difference in the 
velocity ratios for electric and eye affecting 
radiation. 

An interesting question then presents itself 
for solution: We ask, why is it that water 
retards the velocity of non-visible electric waves 
so much more relatively than it does the 
velocity of visible light waves if light waves are 
only electric waves of very high frequency. 
The answer to this question is found in the 
variation of dielectric constant with frequency. 
There are a large number of substances of 
simple symmetrical chemical constitution 
such as the liquid gases, paraffins, saturated 
hydrocarbons, &c., which have all dielectric 
constants lying in value between 2 and 3, and 
optical and electrical refractive indices lying 
between 1'4 and 1'7, and these values are but 
little disturbed by any change in frequency 
varying between zero and billions per second. 
It would seem as if the matter of which these 
bodies consist merely had the power of about 
doubling the dielectric constant of empty space 
or xther without much changing the qualita- 
tive characteristics of the dielectric constant 


of the ether. We have seen that according to’ 


Thwing’s law the dielectric constant of these 
bodies is always 2°6 times their density. 

On the other hand all bodies, the molecules 
of which contain those little groups of easily 
removed atoms which chemists call radicles, 
such, for instance, as hydroxyl, nitryl, &c., 
have dielectric constants more or less sensitive 
to change in frequency according to their 
temperature. An increase in the frequency 
generally, but not always, decreases the di- 
electric constant. Hence, as a rule in these 
cases the electric displacement is larger for a 
given electric force the longer the time during 
which the force is applied. To elucidate these 
anomalies I venture to propound the following 
theory :— 

For the sake of argument and brevity let me 
assume the electronic theory. Start then with 
Dr. Larmor’s fundamental conception of the 
electron as a strain centre in the ether, elec- 
trons being either positive or negative. Assume, 
with him, that atoms are collocations of elec- 


trons in stable orbital motion. Ina saturated 
chemical molecule or atom we must then 
postulate that the positive and negative elec- 
trons are equal in number. We may take 
this to be the case in those chemically inert 
substances the paraffins, and saturated hydro- 
carbons and other symmetrical atoms or mole- 
cules not containing chemical radicles. We 
must assume that whatever may be the nature 
of the ether strain which results from an 
application of electric force it is of such kind 
that it causes, or tends to cause, a displacement 
of positive and negative electrons in opposite 
directions. This displacement is instantaneous 
and of a purely elastic type, so that whether 
the force is reversed slowly or rapidly the ratio 
of the whole electric strain to the electric 
stress, z.e., the dielectric constant, remains 
the same. Accordingly, the existence of elee- 
tric force in a dielectric creates an ether strain 
and slightly distorts the configuration of the 
electronic groups which form the material 
atoms of a dielectric. The elastic reaction to 
the stress is the same or nearly the same 
whether it is reversed billions per second, as 
in the case of a ray of light passing through 
the dielectric, or very slowly, say 100 times 
per second. For these substances, then, 
Maxwell’s law is fulfilled. 

Consider next a substance such as wafer. 
Chemical arguments lead us to regard the 
molecule of water as capable of fission or parti- 
tion into two non-identical masses—viz., H 
and (HO), which are respectively the semi- 
molecules of hydrogen and hydroxyl. These 
masses, when free, constitute the ions of water, 
and when free carry electric charges. Hence, 
on the electronic theory they must each be 
regarded as collocations of electrons, but the 
H groups or masses contain more positive 
electrons than negative and the (HO) groups 
more negative than positive. 

When united to form the water molecule, the 
collective mass H (HO) possesses an electric 
moment—that is to say, it is equivalent to a 
mass having a positive charge on one part and 
a negative on another. All chemical facts lead 
us to believe that the union between the O and 
the H in the semi-molecule of hydroxy! (HO) 
is far more intimate than the union between 
the H and the (HO) in water. Accordingly, 
under the action of electric force the water 
molecule will be ovzented in space like a small 
magnet in a magnetic field. This orientation 
is equivalent to an additional electric displace- 
ment over and above that due to mere strain of 
the electrons in the molecule or of the ether in 
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the same place. According to the theory here 
suggested it is this orientation of the mole- 
cules which bestows the abnormal value upon 
the dielectric constant. We have next to 
explain on this theory why these abnormal 
walues of dielectric constant become normal on 
lowering the temperature sufficiently. Thermo- 
dynamic theory seems to indicate that 
sensible heat is the result of mass movements 
of molecules. Hence as the temperature is 
lowered the molecular agitation is quieted 
down and the molecules may unite into larger 
groups or aggregations. It isthen easy to see 
that these larger groups of molecules will cease 
to possess an electric moment, just as groups 
of equal small magnets united pole to pole so 
as to form closed magnetic circuits cease to 
possess a magnetic moment as a whole. 
Accordingly, external electric force can no 
longer orient these molecular groups, and 
their power to contribute to augment the 
normal dielectric constant disappears. Hence 
at very low temperatures, if ice consists of 
molecular aggregates of water molecules, it 
should have, as in fact it has, a dielectric con- 
Stant not very different from that value due to 
a very rapidly reversed electric force when at 
oC., viz.,a value lying between 2 and 3. Also, 
it is easy to see why on this theory high 
frequency in the electric force reversals leads 
to the same result as very low temperature. 

In the case of the extra high-frequency 
alternating. electric force (billions per second) 
the inertia of the water or ice molecule prevents 
it from orienting. The only effect of the electric 
force is to produce ether strain and strain of the 
electrons forming the molecule. At very low 
temperatures the molecules do not orient 
because they are bound up in groups and have 
no resultant electric moment. 

We also find experimentally that for such 
bodies as water, alcohol, &c., there is a tem- 
perature at which the large or abnormal di- 
electric constant has a maximum value. The 
decrease of dielectric constant at and above a 
certain temperatufe may be explained by the 
gradual breaking up of water molecules having 
an electrie moment, and therefore capable of 
being oriented, into ions having no electric 
moment. The gradual increase of conduc- 
tivity in ice accempanying this dielectric 
change as it is heated is easily explained in 
the above theory, because the ions at once 
move under the electric force, and moving ions 
constitute electrolytic conduction. 

I must not occupy more time in developing 
this theory at any length, but it seems to me to 


fit in fairly well with most of the observed facts 
as regards the influence of temperature and 
frequency upon the values of the dielectric 
constants of insulators and electrolytes, and to 
obtain support from the results of the dielectric 
measurements at low and increasing tempera- 
tures, to which allusion has already been made 
in a previous lecture. 

It is a curious fact that the more complicated 
and heavier molecules, such as those of the 
alcohols and glycerine, have their normal 
dielectric constants reduced to smaller and 
normal values by an insrease in the frequency 
of the alternating impressed electric force not 
at all sufficient to similarly affect the abnormal 
dielectric constant of a lighter molecule such 
as that of water. 

To these and many other interesting questions 
in molecular mechanics we are led by the 
study of electric waves and their propagation 
through dielectric materials. In this short 
course of lectures I have only been able to 
touch in the most superficial manner upon 
some of the chief results of scientific investiga- 
tion in the last thirteen years on the properties 
and production of electric waves. Time has 
not been found even for mention of the applica- 
tion of these electric waves in space telegraphy 
without continuous wires. 

As this latter subject has, however, been so 
fully expounded by the various discoverers and 
inventors to whom our advances in it are due, 
I have preferred rather to turn your thoughts 
to general principles. If the imperfect explana- 
tions to which you have granted your indulgent 
attention have rendered these underlying 
scientific principles in any degree to you less 
obscure, you will find their application to the 
interpretation of recent practical advances a 
comparatively simple matter to achieve. 


SIXTH ORDINARY MEETING. 


Wednesday, January 16th, 1901; Sir 
WILLIAM ABNEY, K.C.B., F.R.S., in the 
chair. 

The following candidates were proposed for 
election as members of the Society :— 

Bccrett, Ernest William, J.P., M.P., Kirkstall- 
grange, Leeds. 

Bremner, Charles Edward, Wamate, South Canter- 
bury, New Zealand. 

Bushe, Colonel Charles Kendal, 19, Cromwell-road, 

S.W. 

Chowdhury, Rai Jotindro Nath, M.A., Taki, 24, 

Parganas District, via Calcutta, India. 
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Davenport, Gilbert, Watling- 
street, E.C. 

Fee, Lcong, Ipoh, Perak, Straits Settlemen:s. 

Francis, John Joseph, Q.C., Hong Kong, China. 

Gardiner, Lieut.-Col. Richard, R.E., 28, Barkston- 

- gardens, S.W. 

Gertner, Albert William, Victoria Malleco, Chili. 

Howell, James Henry, Messrs. Llewellins and James, 
Castle-green. Bristol. 

Joly, Céleste, 22 and 23, Laurence Pountney-lane, 
EC: 

Lowis, J. R., Bettiah, Champaran, India. 

McInnes, Edward, Littlcover, near Derby, and Royal 
Crown Derby Porcelain Co., Derby. 

McMahon, Captain Arthur Henry, I.C.S., C.S.L, 
C.I.E., Malakand, via Mardan, India. 

Owen, Francis, Thorndon, Brentwood, Essex. 

Petersen, William, Newcastle-on-Tyne. 

Pillay, P. S. Singaravalu, Trichinopoly, India. 

Smith, Henry John, Belmont, Pattison-road, West 
Heath, Hampstead, N.W. 

Smith, J. H. Monk, 7, Clyde-road, Lucknow, India. 

Wee, Ong Kim, J.P., Malacca, Straits Settlements. 


Aldermary-house, 


The following candidates were balloted for 
and duly elected members of the Society :— 
Bames, Captain Ernest, I.S.C., The Agency House 

Dhar, Central India. . 
Cardi, Count E. de, 18, Grange-road, Gunnersbury, 

W. 

Colquhoun, James, The Arizona Copper Company, 

Clifton, Arizona, U.S.A. 

Hamilton, John, 199, Mount-road. Madras, India. 
Henderson, J. C. A., 1, Kingswood-road, Norwood, 

S.E., and Sun-court, Cornhill, E.C. 

King, Kelso, Australian Club, Sydney, New South 

Wales. 

Lal, Dr. Munna, Banda, N.W.P., India. 
Parker, Thomas Hugh, Copthornes, Copthorne-road, 

Wolverhampton. 

Plummer, John, Northwood, Lane Cove River 

Sydney, New South Wales. 


The paper read was— 


PHOTOGRAPHY OF NATURAL 
COLOURS BY THE McDONOUGH- 
JOLY METHOD. 


By H. SNOWDEN WaRD. 


So many departments of the science of 
‘‘Photography in Natural Colours” have 
been recently so fully treated before this 
Society by Mr. E. Sanger Shepherd, that it is 
unnecessary for me to say much upon the 
general principles, or to refer to the processes 
of Lippmann and others, which are of extreme 
beauty and of extreme scientific interest. It 
is for me to describe a process suggested some 
forty years ago, about which many reports 


have been made from. time to time within the 
past six or seven years. I deal with it now, 
because I believe it to be useful, and to be on 
the verge of commercial practicability. It is 
an interesting and practically useful process, 
which should very soon be available for both 
professional and amateur photographers, which 
introduces no new photographic technicality, 
requires no expensive apparatus, gives us a 
colour-record negative with one exposure on 
one photographic plate, and a colour-print or 
transparency by one printing from this negative. 

The process is in some danger because of 
extravagant claims made in its favour, as well 
as because of objections raised against it by 
some men who apparently have not had the 
opportunity of working it. 

It is perhaps wise to place on record the 
statement that when photographers speak of 
photography in natural colours, or photography 
of natural colours, they speak of processes in 
which the recording of the colours and their 
placing in the resulting print or transparency 
are not due to any selection by the human 
brain orhand. The record and the colour result 
are made by purely chemical and photographic 
means. At the same time, every process of 
colour-photography allows much latitude fcr 
human control, and, of course, the McDonough- 
Joly process is no exception. At every stage, 
by the selecting of the sensitive plate and the 
light-filter, by varying the exposure, the 
development, the printing, and the finishing 
of the print or transparency, we may modify 
the final result. Even in the displaying of the 
result great differences may be made; for a 
print on paper, viewed by reflected light, will 
look very different from the same print seen 
by transmitted light; and a picture projected 
on the screen and viewed in a darkened room, 
looks very different from the same picture if it 
could be seen surrounded by general light, and 
with the eyes filled with light. In the same 
way, every photographer knows that the image 
seen on the ground-glass of his camera, when 
his head is swathed in black cloth, looks very 
different from, and usually more brilliant than 
the same scene directly viewed. 

As regards the personal control possible with 
the process we are to consider, I may fairly say 
that the results may be varied at will from 
effects similar to those of brilliant French 
water-colour, to others resembling the varn- 
ished gloom of an old master—and all this 
without any selective interference with brush, 
dye, stain, or any humanly distributed colour. 
Beginners will obtain slightly varied renderings 
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as a result of their errors, and masters of the 
process will have greater variations in ac- 
cordance with their varying artistic tastes and 
views of nature. 

Although the principles of photography are 
known to most of my hearers, I may, perhaps, 
remind you, briefly, of the  trichromatic 
Superposition process, in which three separ- 
ate negatives are made, each of which 
registers the effects of one primary colour of 
light. From each of these negatives a positive 
is made in suitably stained gelatine, and by 
placing these positives over each other a trans- 
parency is obtained which renders the colours 
of the original objects very beautifully. 

By a modification of the process three 
printing blocks can be produced, from which 
impressions in three suitably coloured printing 
inks are made over one another, giving us the 
well-known trichromatic print so often seen on 
magazine covers and Christmas number sup- 
plements. 

No one who has seen the very magnificent 
transparencies produced by F. E. Ives, Sanger 
Shepherd, the Brothers Lumic¢re, and others, 
by this triple negative process, will attempt to 
deny its exquisite beauty. But any time during 
the past forty years there have been men who 
dreamed of a natural-colour process in which 
only one negative and one print would be 
needed. which might produce, without any 
complicated labour on the part of the photo- 
gtapher, either transparencies, photographic 
prints, or photo-mechanical prints. SE: 

As far is recorded, the first man to devise a 
practical method of achieving this result was 
Louis Ducos Du Hauron. He suggested that, 
by using a transparent light-filter consisting of 
: minute parallel lines in the three colours sug- 
gested for the separate negatives in trichro- 
matic work, a single negative might be made 
which would record the three primary light- 
impressions, as on three separate negatives cut 
up into extremely fine strips. The lines of the 
light-filter were (to name the colours eventually 
adopted) alternately red, green, violet; red, 
green, violet; so that the first, fourth, seventh, 
and tenth lines were all red, and formed part 
of the red impression negative; the second, 
fifth, eighth, and eleventh were green, and 
formed part of the green impression negative ; 
wnile the third, sixth, ninth, twelfth, and so on, 
were violet, and formed part of the violet im- 
pression negative. 

From such a negative a positive transparency 
could be made, which could be placed in con- 
tact with a light-filter ruled similarly to the one 


through which the negative was taken, with 
the result that a reproduction in colour, of the 
original object, would be seen. In any given 
part of the picture the colours which had not 
acted upon the negative would be represented 
by lines of silver deposit in the positive, which 
would cover up the corresponding lines of the 
light-filter used for viewing, and prevent their 
being seen. The colours which had acted upon 
the negative would bẹ represented by trans- 
parent lines in the positive, through which the 
corresponding colours of the viewing light-filter 
would be visible. 

The non-existence of plates sufficiently sensi- 
tive to the red and green rays prevented Du 
Hauron’s suggestion being successfully put 
into practice ; and the next thing recorded of 
the process is in the patent of James 
McDonough applied for in the United States, 
in 1892. 

He claimed an invention whereby specks of 
coloured transparent matter might be scattered 
over a film of bichromated gelatine and ex- 
posed in the camera. Wherever the light 
passed through a piece of coloured material, 
the bichromated gelatine would be rendered 
insoluble, so that when the plate was de- 
veloped by washing away the soluble portion, 
as in the carbon process, the particles of 
coloured matter, which had transmitted light 
to the bichromated film, would remain in 
position, while those particles which had ab- 
sorbed the light falling upon them would be 
washed away. In this manner, a transparency, 
more or less faithfully recording the colours of 
the original object, would be made, and from 
it, by a similar method and by contact print- 
ing, any desired number of colour-prints or 
additional transparencies could be produced. 
Such a process presented great difficulties, 
and was soon abandoned in favour of a better 
scheme, which was the same as had been 
suggested long before by Du Hauron, and as 
had occurred almost simultaneously to Dr. 
John Joly, of Dublin. 

There seems every reason to believe that 
both Dr. Joly and Mr. McDonough evolved 
the idea quite independently of each other and 
without knowledge of the work of Du Hauron. 
Moreover, a third investigator, Mr. McFarlane 
Anderson, appears to have}devised the same 
idea about the same time, and to have carried 
ita stage further than either Joly or McDonough 
in one particular direction, for he suggested the 
use of a black-and-white screen instead of a 
coloured light-filter in making the negative. 
His screen was to have the black line double 
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the width of the transparent one, so that in 
whatever position it stood it would expose one- 
third and cover two-thirds of the plate. With 
the screen in a given position he would make 
an exposure through (say) a red light filter 
which was placed conveniently before, behind, 
or between the combinations of the lens. Then 
moving the screen to the extent of the width of 
the transparent line he exposed for the green, 
with a green light-filter. Lastly, moving the 
screen still further, so that its lines covered the 
two exposures already made, he gave his third 
exposure through a blue light-filter. The 
principal intention in this case was, I believe, 
to use the method for photo-mechanical work. 
It has the advantage that light-filters for 
application to the lens can be made purer, 
truer to the ideal colours, and more trans- 
parent than is possible when they have to be 
ruled in lines upon glass. It has, however, the 
disadvantage that three exposures are 
necessary. 

The outline of the process was obviously and 
tneoretically correct, and the problem to which 
Dr. Joly and Mr. McDonough addressed 
themselves were :— 

1. To perfect the rulings of transparent 
trichromatic lmed screens, with a view to 
quality and to small cost. 

2. To perfect a plate which should be 
sensitive in due ratio to each of the colours of 
the screen. 

3- To devise a method whereby the colour- 
record negatives might be printed on paper, 
by photographic means, giving true-colour 
results. 


4. To devise a similar method for machine 


printing. 

The ruling of the screen raised many prob- 
lems, mechanical, chemical, and optical. It 
was necessary to have the lines as wide as 
possible, for economy in ruling and ease of 
registration in printing or in mounting a trans- 
parency against the viewing screen. On the 
other hand it was necessary for the ruling to 
be as fine as possible, to prevent the line-effect 
being so far visible as to mar the picture. 
After much independent experimenting Dr. 
Joly adopted a screen of 240 lines, and Mr. 
McDonough chose 300 lines to the inch. As I 
have had several months working with the 
McDonough standard, I may state that I find 
no practical difficulty in registering trans- 
parencies of that fineness; while those who see 
the small pictures on the table and the projec- 
tions on the screen will admit that the lines are 
practically invisible from any position where a 


picture of ordinary scale can be comfortably 
viewed as a whole. 

The selection of colours and plates was very 
difficult. Eventually Dr. Joly chose to work 
with the Cadett ‘‘ Spectrum ” plate, and with a 
light-filter on the lens to cut down the light to 
meet the conditions of the plate and his ruled 
screen. The McDonough people found no 
plate which satisfied them, so they adopted a 
plate of Seed’s make, which they specially 
orthochromatise for their own purpose. They, 
too, use a light-filter (which they call a 
‘‘chromatic balance shutter’’) on the lens. 
This chromatic balance shutter is somewhat 
similar to an iris diaphragm, and is adjust- 
able to cut out more or less of the blue 
rays as the light varies from sun to shade. 
The difficulty of ruling screens economically 
was a very serious one, for though a few 
shillings in the cost of a taking -screen 
would be of little importance, it is necessary 
that the viewing-screens should be very cheap 
to make them available for the ordinary photo- 
grapher. Dr. Joly patented and afterwards 
abandoned more than one ingenious method of 
making such screens (or light-filters), finally 
coming back to the first suggestion of machine- 
ruling on glass. 

Mr. McDonough confined his attention to 
ruling methods, and Mr. Tripp, his coadjutor 
and successor, has further developed machines 
for ruling large surfaces. Mr. Tripp tells me 
that it is possible with present machinery, 
running steadily, to produce viewing-screens of 
the American standard lantern size (qin. by 
3} in.) at $2.00 a dozen, or eightpence each, 
and he sees no reason why, in the course of a 
year or two, and with factory conditions, it 
should not be possible to produce them fora 
shilling or eighteenpence a dozen. 

The selection of dyes which have the correct 
absorption, which are sufficiently transparent, 
and sufficiently permanent, was perhaps the 
greatest difficulty of all in connection with the 
screens. It seems to have been reasonably 
well overcome. The pictures I show you will 
speak for the quality. As for the permanency, 
my own experience of Dr. Joly’s screens only 
extends to a couple of years, in which time I 
see no change of colour; while I am told that 
there are screens in Mr. McDonough’s labora- 
tory which have been exposed to the light 
for five or six years, but which still seem good 
and brilliant. In any case, if the present 
transparent colours are not absolutely perma- 
nent, and if a picture fades in a few years, the 
transparency will remain uninjured and will 
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only require binding up with a new viewing- 
screen. The colours used on paper, for photo- 
graphic or photo-mechanical printing, present 
much less difficulty in this direction than those 
for transparencies, and there is no obvious 
reason why the paper prints should not be as 
permanent as any chromo-lithograph, except in 
cases where the photographic image may intro- 
duce a difficulty. In such case the print will 
have just the same permanence as an ordinary 
photographic print without colour. 

The production of paper prints has not, I be- 

lieve, been successfully carried out by Dr. Joly. 
McDonough’s people, on the other hand, have 
produced such photo-mechanical prints as you 
see on the table; by ruling paper with red, 
green and violet lines, and by printing over 
those rulings a single impression, in black ink, 
from a metal block. The black print has 
exactly the same function as the lines of silver 
deposit in the transperency, viz., to mask 
those portions of colour which form no part of 
the picture; allowing the lines forming the 
picture to show. There is, of course, a diffi- 
culty in obtaining registration, and it has been 
suggested that while single prints, selected 
from large numbers may be satisfactory, it is 
impossible that any long run should be so. In 
the case of the prints I show, two of the 
subjects are each the result of four separate 
impressions on a hand press, three printings 
of aruled block for the coloured lines, anda 
fourth in black from the ‘‘key’’ or picture 
block. These prints are taken from some 
thousands which I have seen, and which run 
very fairly evenly; and if such results are 
obtained with the hand-feeding, I ask—where 
is the insuperable difficulty when printing in a 
machine which shall take the paper from the 
roll or in sheets and print the lines and key in 
immediately successive operations ? 

The production of a suitable block, by line- 
etching process from a negative which is not 
in pure line, but may give in every line com- 
plete gradation from greatest density to 
greatest transparency of which the plate is 
capable, is a problem for which I can see no 
solution. I have asked the president of the 
company which produced these prints how it is 
done? but he, unacquainted with photo- 
mechanical technique could not fully under- 
sand, much less explain, the difficulty I raised. 
He pointed to the prints, as proof that the diffi- 
culty has, somehow, been overcome, and I can 
only do the same. In the large print the 
reproduction of the key is by half-tone process ; 
but the small ones are apparently in pure line. 


I frankly show you such prints as have 
reached this country; examples of the faults, 
as well as the advantages of the process. 
The little reproduction of a piece of wool- 
work probably shows the thing at its worst, 
because the original is dull and sombre, and 
the tendency of the process is to somewhat 
sadden all the colours. This can be overcome 
to a great extent by methods which will 
suggest themselves to any colour-printer, who 
is also a student of colour. 

The Egyptian scene is from a negative by 
Mr. Crewdson, a man who knew nothing what- 
ever about photography until he took up this 
colour process and almost immediately 
sailed for Egypt with a camera. The print 
shows the same saddening of the colours, 
but it also shows something else which 
has immediately appealed, without any 
suggestion of mine, to three separate 
painters to whom I have shown this subject. 
That is, that while the whole is lowered in tone, 
the relative colour values are better preserved 
than is usually the case in trichromatic prints, 
In the trichromatic printing process, super- 
posing pigments, we introduce many difficulties 
from want of transparency in the inks, and 
from the fact that one must be over the other 
in the darker parts of the picture. 

In the trichromatic process, whether by 
superposed stained films or by successive ink 
printings we add shade to shade; in the 
McDonough-Joly method, as in Ives’s triple 
projection method, or in the photochromo-. 
scope, we had light to light. One method 
obeys the law of mixed pigments, whereby all 
mixtures tend toward black ; the other obeys 
the law of mixed lights whereby all mixtures 
tend towards white. In the McDonough-Joly 
process intermediate colours are represented, 
not bythe super-position of primaries, but by 
their display side by side, and the apparent 
blending results from the inability of the eye to 
separate the fine lines. 

The third print, of a Mexican youth, shows 
the applicability of the process to newspaper 
or poster work. The original of this was made 
with a 300-line screen, and the block was 
made from an enlargement. Printed by 
machine at the rate of 24,000 an hour; these 
are taken from 5,000, all apparently even in 
quality. 

Taking the three together we see that great 
varieties of treatment are possible. The en- 
largement is hard and brilliant, the Egyptian 
scene is a médium treatment, while the wool- 

‘work should give encouragement to those mem- 
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bers of the ‘‘ mudflat at eventide °’ school who 
love to look on the shadow side of nature. 

Of the pure photographic process on paper I 
have not seen a single example, but I am told 
that they are somewhat more brilliant than the 
best photo-mechanical specimens. The method 
of their production is simple in principle. Paper 
is ruled with the three colours in lines, just as 
for printing upon by letterpress. This can be 
done from the roll, and the printed paper re- 
rolled to be ready for coating with (say) an 
ordinary gelatino-chloride print-out emulsion. 

- Over this it is necessary to register the line- 
negative in such a way that each line falls over 
its proper colour on the paper, then print, tone 
and fix in the ordinary way. The cost of such 
ruling need not add more than a few shillings 
to a quire of paper; and while there are diffi- 
culties in the way of registering I think it is 
not impossible to print register marks on the 
paper which will correspond with similar ones 
transferred to the negative by the taking- 
screen, and which the photographer can easily 
adjust. 

The process as it now stands only requires, 
in addition to any photographer’s existing 
vutfit— 

1. A taking-screen. 

2. A chromatic balance shutter. 

3. Special plates. 

4. Viewing-screens or specially prepared 
paper. - And, possibly, 

5. Re-arrangement of the dark-room light 
to make it safe for the specially sensitive 
plates. | 

Amongst the disadvantages of the process 
is the length of exposure necessary; and it is 
on this account that the examples hitherto 
shown in this country have usually been “ still 
life.” At worst the exposure is only the same 
as is needed for the red element alone of the 
trichromatic method ; and very great progress 
has recently been made in the direction of 
shortening exposure. I am told that in sun- 
shine snapshots of moving objects, such as the 
Dewey reception parade both in Broadway, 
New York, and on the Hudson River, were 
amply exposed without sign of motion in the 
marching sailors on the manauvring vessels. 
l have seen a portrait of a gentleman, made in 
a studio, and have been assured by the subject 
himself that it was taken while he was actually 
walking across the studio. And I shall be 
able to show you more than one, of Mr. 
Crewdson’s pictures, made in September, 
October, and November last, with a lens 
working at F 8, that include figures of many 
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men, women and children; animals, and even 
ducks swimming in a stream. 

My own attempts to fix a ratio of sensitive- 
ness have been of the most rough-and-ready 
kind, but, reughly speaking, the exposure 
needed is about five times that suggested by 
Watkins for the slowest isochromatic plate 
on his list. Taking the Watkins’s meter as a 
guide, I should put the plate number as about 2. 

Of other advantages and disadvantages of 
the process it is unnecessary to speak in 
detail. It does not attain the ideal of perfec- 
tion, but it does give such results as will be 
shown by the lanternist. by methods which are 
easily within the scope of any photographer 
who can make monotone work. 

In concluding, I wish to acknowledge my 
indebtedness to Mr. D. K. Tripp, of Chicago, 
for the loan of an outfit wherewith to test the 
present position of the process by practical 
experience, and to several gentlemen whose 
slides will be shown and whose names will be 
mentioned as the slides appear. A special 


‘acknowledgement, however, is due to Mr. 


Charles N. Crewdson, from whose negatives 
most of the slides are made. 

As the slides are shown I shall briefly com- 
ment upon some of the technical points which 
they illustrate. 


DISCUSSION. 


Mr. J. W. Lovisonp thought that there was a 
deficiency in the slides shown owing to the absence of 
blue and yellow shades; indeed, it was difficult to 
understand how those two energies could be repre- 
sented when one considered the nature of the screen 
used. He further pointed out that the effect of the 
absence of the blue and yellow energies was to em- 
phasise the other colours in the sky scenes, the sky 
being distinctly green. In trichromatic work that 
deficiency was corrected in a great measure by the 
pigments used, but in transparencies he did not at 
present see any remedy for it. 


Mr. F. W. FLETCHER asked if the ordinary lantern 
could be used for projecting the pictures ? 


Sir HENRY TRUEMAN Woop thought that if the 
manipulation of the process was fairly casy it might 
lend itself to the use of the ordinary amateur ; but its 
results could not be compared with the much better 
results obtained from the trichromatic process. If it 
was to be uscd by the amateur it would have to be 
somewhat a modification of the process suggested, but 
not actually described, by Mr. Ward, in which paper 
ruled with the colour lines was coated with a sensitive 
medium of some sort. He would like to know whether 
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there was any probability of their being able to print 
direct on a sensitised paper in the way suggested. It 
appeared to him to be problematical, because of the 
difficulty of registration. He could not help feeling 
that the pictures exhibited had been shown under very 
favourable conditions. The slides were much larger 
than usual lantern slides, and the magnification 
was not very great. If the slides had been of the 
ordinary lantern size, and had been enlarged in the 
ordinary way the effect obtained, he thought, would have 
been less satisfactory, and the lines more apparent. 
Theoretically the process seemed to be an admirable 
one. If the lines could be obtained fine enough 
there was no reason why the most perfect and beauti- 
ful results should not be produced, but in practice he 
thought its attainment was questionable. In 
some of the pictures shown he rather doubted 
whether the viewing-screen and the taking- 
screen absolutely coincided, because in different 
parts of the pictures he noticed that the colours 
were different. Transparencies made by the process 
must be viewed at right angles to the plane of the 
picture, or the wrong colours were seen, and some 
very curious results obtained. Whether this was 
due to the non-coincidence of the two screens, 
or whether they were not absolutely adjusted, he 
could not say. He was not quite certain that 
Mr. Ward had given due credit to Dr. Joly. 
Mr. Ward mentioned the year 1892 as the date when 
Mr. McDonough took out a patent, but the subject 
of the invention described in the specification of that 
patent was an entirely different one to that of the 
present invention. The process exhibited that even- 
ing was described and shown by Dr. Joly in 1895 
before the Royal Society at Dublin. He did not 
know whether that was before or after the first 
publication by Mr. McDonough of his process. 
However, he did not think it very much mattered ; he 
had little sympathy with the search after the first man 
who rushed into print with an invention which half-a- 
dozen other people were working at at the same 
time, and, after all, one must remember that all 
modern photographic inventions had been antici- 
pated by the two very remarkable Frenchmen, the 
brothers Du Hauron. Whenever anybody brought 
out a new invention, somebody wrote and pointed 
out that it was described in the book published by 
Louis Du Hauron, although the means at his disposal 
at the time did not sufhce for carrying it out. In 
conclusion, if he had criticised the process, he was 
very far from wishing to depreciate it. Ifthe process 
could be put into the hands of the ordinary amateur 
it would give him the means of producing coloured 
pictures of a very high class. 


Mr. DOUGLAS SLADEN inquired why the first half 
a dozen photographs shown were so much truer to 
Nature in their colour than the subsequent pictures. 
The effect obtained in the latter case was as if the 
slides were viewed through a prism. 


The CHAIRMAN did not attach much importance to 
the supposed anticipation by Du Hauron of the 
McDonough - Joly process. Anybody who had 
worked at the process knew that if Du Hauron’s 
screens were used anything but a natural effect was 
obtained. The taking-screens proposed by Du 
Hauron were red, green, and violet. If one had to 
use pure colours of red, green, and violet, and ruled 
the lines of those spectrum colours, he warranted 
that the negative produced of a colour object would 
give anything but the colours of the original. The 
process was founded upon the principles first 
elucidated by Mr. Ives in a very masterly manner. 
The taking -screens were not red, green, and 
violet at all, but were, if they were good, 
orange, bluish green, and blue. Mr. Ward had 
unfortunately neglected to mention that the 
taking-screen in the process was different to the 
viewing-screen. They had two distinct sets of 
rulings, one orange, bluish green, and violet, and the 
other red, green, and violet. He believed one of the 
great difficulties met with in the Joly process was 
the ruling of the screens, and it was difficult some- 
times to get the right depth of colour, a most impor- 
tant point. It did not do to have a dark red, a 
medium green, and a light blue for the ruling; they 
must be of the proper depth. The great difhculty 
of the process was to get the right depth of 
colours, and colours which did not fade. He had 
not been so fortunate as to have screens that did 
not fade; those he had had in constant use, both 
for taking and viewing, were not of the same 
brilliancy as they were originally when new. He 
wished to know how the difhculty of ruling was 
got over, and whether any particular means were 
adopted to arrive at a proper depth of the colour 
lines, so that a correct negative was obtained which, 
when backed by the viewing-screen, would give a little 
more perfect impression than some of the pictures 
shown. He quite agreed with Mr. Sladen that the first 
pictures shown were superior to the later ones. It 
was probably due to the viewing or taking-screen. 
He hoped the process would be a useful adjunct to 
the amateur photographer; for explorations and such 
purposes it would be very useful. 


Mr. C. N. CREWpDSON explained the ruling of the 
paper. It was done for practical purposes to 1-300ths 
of an inch, while the capacity of the machine for 
ruling was 1-1,500ths of an inch. 


Mr. H. SNOWDEN WARD, in reply, said Mr. 
Lovibond had asked why certain defective render- 
ings occurred. His answer would not be entirely 
supported by Mr. Crewdson, because that gentleman 
might argue that the renderings were not defective. 
There was no doubt that the ruling of the screens, 
whether for taking or viewing, was not yet theoretic- 
ally perfect. There wee great technical difficulties in 
the way of getting evenness of ruling and colours 
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which were perfect. Further than that, the per- 
sonal equation entered a great deal into the matter. 
He did not think that could be too fully emphasised. 
In his opinion the tendency of most of the people 
who had worked the process was to emphasise the 
red. He believed that was largely because red was 
the line which required the longest exposure, and was 
the most difficult to represent. That was the 
case in Mr. Crewdson’s pictures. Anyone who 
wished to introduce a given quality into a print could 
do so at various stages; it could be done primarily 
and best in making the exposure, and by suitable use 
of the chromatic balance shutter. If the process 
became general, it would be found that one man liked 
to get his picture strong in blue and another in red. 
There were simple tests by which to make the 
negative record the colours before the camera as 
faithfully as possible. The best way was to take a 
simple test chart which had patches of blue, green, 
and red, with white between; an exposure should 
then be made with the balance shutter at a given 
point. On examining the negative it would be found 
that either the white was represented by three equally 
dense lines, in which case practically the lines did not 
show, or it was represented by three unequal lines. 
Then, taking the red patch and tracing the strong 
line from that into the white, if the strong line was 
continuous the red effect was strong. With regard to 
binding, that was a disadvantage which the manufac- 
turers of the screens fully recognised, and which they 
would no doubt overcome when they offered them 
commercially. The glass ordinarily obtainable was 
not absolutely flat; consequently when two glasses 
were bound together there was a liability to a certain 
amount of want of contact either in the centre or 
at the edges, and in a process where one was 
using lines of 1-300ths of an inch, it was 
easy to get a want of contact sufficient to 
give a visible effect. Probably, many of the slides 
where as Sir Henry Trueman Wood said, there was 
a falling off towards the edges, would have been 
perfectly correct if the viewing screens had been 
bound to the transparencies in clamps. Mr. Fletcher 
asked whether the ordinary lantern could be used for 
projection. The lantern was an ordinary one, with 
the exception that as the slides were somewhat dense, 
it was necessary to have a powerful light propor- 
tionate to the size of the view on the screen. Sir 
Henry Wood had asked about the paper. He had 
not seen any samples; he was told that Mr. S. L. 
Stein, of Milwaukee, had used the paper process, 
and Mr. Crewdson had handed up a couple of prints. 
Another reason why -the colours might differ 
a little in different pictures was the mere 
want of skill in placing the viewing - screen 
over the transparency. An error of a fraction of 
1-300ths of an inch was quite sufficient to throw out 
the colour. With regard to the transparencies viewed 
at an angle, if there was contact between the trans- 
parency and the viewing-screen a difference of colour 
would not be obtained when one looked at it from a 


different angle ; therefore there was no necessity when 
one had proper contact to view the picture at right 
angles. If one had not contact that would happen. 
Sir Henry Wood mentioned the McDonough and 
the Joly patents. He (Mr. Ward) had mentioned 
McDonough, Joly, and Anderson as being prac- 
tically simultaneous with their patents. He knew 
that priority had been claimed for all three, but prac- 
tically they were simultaneous in the registration 
of their patents in 1894. With regard to the 
question why the first half-dozen pictures were truer 
to Nature than the subsequent ones, if that were 
so, he should say that those pictures were made 
by a man who understood the process better 
than the man who made the latter ones. In 
the ordinary monotone photography there were 
variations of ability, and in an entirely new 
process, the details of which had to be learnt, 
the same variations would occur. The ruling of the 
screens, he believed, was done by means of copper 
or brass pens, very similar to those used for rulinz 
paper by stationers. 


On the motion of the CHAIRMAN, a hearty vote of 
thanks was accorded to Mr. Ward. 


Correspondence. 
e 


PURE BEER. 


Having regard to the sacrifice of lives through the 
consumption of impure beer, I investigated the new 
process of producing pure beer from barley, hops, 
yeast and water. 

As an economy of 25 per cent. is effected over the 
old process, the duty on beer stands in no more 
jeopardy than the lives of consumers should do. 

It suggests to my mind, that the question of pure 
beer, and the new process, is one that should not 
escape the observation of our Society of Arts, 
which has effected so many reforms tending to the 
good health of the community. 


` CHARLES J. INNES BAILLIE, F.R.G.S. 


Ballygunge, Grove Hill-road, Denmark-hill, S.E. 
January 16, 1901. 


Obituary. 
——<———. 


B. H. BADEN-POWELL, C.I.E.—Mr. Baden Henry 
Baden-Powell, who was a life member of the Society 
of Arts since 1886, died on the morning of the 2nd 
inst. at his residence Ferlys-lodge, Oxford, after a 
short illness. He was born in 1841, and was the 
eldest son of the late Professor Baden-Powell and 
half brother to General Baden-Powell. He was 
educated at St. Paul’s School and entered the Bengal 
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Civil Service at the age of twenty. He filled various 
offices in Lahore and Rawalpirdi, and was Judge of 
the Chief Court of the Punjab in 1889, when he re- 
tired. He gave much attention to the subjects of 
Indian forestry and Indian land tenure, and pub- 
ished works on ‘‘ Land Systems of British India,” 
“The Indian Village Community,’’ &c. In 1891 he 
read a paper before the Indian Section of the Society 
on ‘“ The Indian Village Communities, with special 
reference to their Modern Study.” He was largely 
concerned with the late Dr. Leitner in the establish- 
ment of the Oriental University at Lahore, and in 
1894 the University of Oxford conferred upon him 
the honorary M.A. degree. 


MEETINGS OF THE SOCIETY. 
ORDINARY MEETINGS. 

Wednesday evenings, at Eight o’clock :— 

JANUARY 23.— “The Proposed High - Speed 
Electrical ‘ Monorail’ between Liverpool and Man- 
chester.” By F. B. BEHR. SiR WILLIAM PREECE, 
K.C.B., F.R.S., will preside. 

JANUARY 30.—‘‘ Evolution of Form in English 
Silver Plate.” By Percy T. Macqguorp. SIR 
SAMUEL MONTAGU, Bart., M.P., will preside. 

FEBRUARY 6.—‘‘Some Experiences of Motor 
Bicycles.” By JOSEPH PENNELL. Major H.C. L. 
HOLDEN, R.A., F.R.S., will preside. 

FEBRUARY 13.—“ Arsenic in Beer and Food.” 
By WILLIAM THOMSON. 

FEBRUARY 20.—‘‘Some Features of Railway 
Travelling, Past and Present.” By FREDERICK 
McDERMOTT. 

FFBRUARY 27.—“ The Outlook for the World’s 
Timber Supply.” By Dr. W. ScHLIcH, C.I.E. Sir 
WILLIAM THISELTON-DYER, K.C.M.G., will pre- 
side. - 

MARCH 6.—‘*Modern Artillery.” By LIerurT. 
ARTHUR TREVOR Dawson, late R.N. SIR 
BENJAMIN BAKER, K.C.M.G., will preside. 


Dates to be hereafter announced :— 


« Multicolour Printing.” By ELMER Z. TAYLOR. 

* The Synthesis of Indigo.” By PROF. RAPHAEL 
MELDOLA, F.R.S., 

“Recent Work on the Photograpby of Colour.” 
By Sır WILLIAM ABNEY, K.C.B., F.R.S. 

“School Work in Relation to Business.” By 
Sır JOSHUA Fiırca, LL.D. 


« Clocks, Carillons, and Bells.” By A. A. 
JOHNSTON. _ 

“ Patent Law Reform.” By ALEXANDER 
SIEMENS. 


“ Testing Distant Vision.” 
CARTER, F.R.C.S. 

«The Use of Motors in War.” 
R. E. CROMPTON. 

“ Servia.” By EVERARD 
M.Inst.C.E. 


By R. BRUDENELL 
By COLONEL 


R. CALTHROP, 


“Thames Steamboat Service.” 
HILLS. 

“ The Industrial Resources of Portugal.” 
BATALHA-REIS. 


By ARNOLD F. 


By J. 


INDIAN SECTION. 
Thursday afternoons, at 4.30 o'clock :— 


FEBRUARY 14.—‘‘ The Greek Retreat from India.” 
By COLONEL Sır THOMAS HUNGERFORD HOLDICH, 
R.E., K.C.I.E., C.B., late Survey of India. The 
EARL OF HARDWICKE will preside. 

FEBRUARY 28.—‘‘ Railways and Famine.” By 
Horace BELL, M.Inst.C.E., late Consulting En- 
gineer to the Government of India for Railways. 

MARCH 14.—‘* The Growth and Trend of Indian 
Trade—A Forty Years’ Survey.” By HENRY JOHN 
Tozer, M.A., Revenue and Statistics Department, 
India Office. 

APRIL 18,.—‘‘ Madras the Southern Satrapy.”’ By 
Joun Davip Rees, C.I.E., late Member of the 
Viceregal Legislative Council. 

May 2.—“ Science in Ancient and Modern India.” 
By PROFESSOR JAGADIS CHANDRA Bose, M.A., 
D.Sc., Presidency College, Calcutta. 

May 16.—“ The Town and Island of Bombay— 
Past and Present.” By L. R. WINDHAM FORREST, 
formerly Chairman of the Bombay Chamber of 
Commerce. 

The meetings of March 14, April 18, and May 2 
will be held at the Society of Arts; those of Feb- 
ruary 14, February 28, and May 16 at the Imperial 
Institute. 


COLONIAL SECTION. 
Tuesday afternoons, at 4.30 o’clock :— 


JANUARY 22.—“ The Commonwealth of Aus- 
tralia.” By the Hon. Sir JOHN ALEXANDER 
CocKBURN, K.C.M.G. The RIGHT HON. JAMES 
Bryce, M.P., will preside. 

FEBRUARY 19.—“‘ The Crisis in China—its Causes 
and Solution.” By JoSEPH WALTON, M.P. SIR 
EDWARD A. Sassoon, Bart., M.P., will preside. 

MARCH 19.—‘‘ The Coal Problem—its Relations 
to the Empire.” By LIEUTENANT CARLYON W. 
BELLAIRS, R.N. 

APRIL 30.—‘*‘ The British West Indies.’ By SiR 
NEVILE LuBBOCK, K.C.M.G., Chairman West India 
Committee. 


APPLIED ART SECTION. 
Tuesday evenings, at 8 o’clock :— 
JANUARY 29.—‘‘ Some Examples of Romanesque 


Architecture in North Italy.” By HUGH STANNUS, 
F.R.I.B.A. THOMAS G. JACKSON, R.A, will 
preside. 


FEBRUARY 12.—‘* Recent Advances in Pottery 
Decoration.” By WILLIAM BURTON. . 

MARCH 5.—‘‘ Early Playing Cards and their Deco- 
ration.” By RICHARD STEELE. 
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APRIL 16.—‘‘ Greek Vases, their Evolution of 
Form and Ornament.” By CECIL SMITH, LL.D. 

May 21.—‘‘ The Rise and Development of Egyp- 
tian Art.” By PROFESSOR W. M. FLINDERS 
PETRIE, D.C.L. 


CANTOR LECTURES. 


The following courses of Cantor lectures 
will be delivered on Monday evenings, at 8 
o’clock :— 

J. LIBERTY TADD, “ Elementary Art Educa- 
tion.” 
r LECTURE II.—JANUARY 21. 

Bent, Disposition, Capacitv.—The child as an 
organism— Drawing, special kinds, manual training 
drawing—Importance of finding out “bent,” dis- 
position, or capacity of the young— Sense impression 
and expression—Repetition—The force of habit— 
Organic memory— Drawing, modelling, carving —The 
generation of executive volition—Development of 
creative capacity—Design. 

LECTURE III.—JANUARY 28. 

The Force of Habit.—Words symbols of ideas— 
Importance of ideas—Organic ideas received from 
things—Systematic fabrication of ideas by fabricating 
things—Memory, external and internal stimulation— 
Perception — Cognition— Recognition— Recollection 
—Habit, automatic and instinctive—Physical and 
mental co-ordination—Clay modelling. 


LECTURE IV.—FFBRUARY 4. 

Elementary Nature Study.—Health, its relation 
to art—Nascent periods for inspiration—Inspiring 
things — Inspiring ideas—Organic impressions — 
Potential energy—Active energy— Development of 
energy by habits— Repetition —“‘ Grip,” physical grip, 
mental grip --Mental fabric—Ideas of form —Colour— 
Texture —Structure - Function—W ood-carving. 


W. J. Pope, ‘‘ The’ Bearings of Geometry on the 
Chemistry of Fermentaticn.’’ Four Lectures. 
February 11, 18, 25, March 4. 

Major P. CARDEW, ‘Electric Railways.” 
Three Lectures. 

March 11, 18, 25. 

SIR WILLIAM CHANDLER ROBERTS-AUSTEN, 
K.C.B., F.R.S., © Alloys.” Four Lectures. 
April 22, 29, May 6, 13. 


SPECIAL LECTURES. 
Friday evenings, April 26, May, 3, 10, 17:— 
ALFRED C. EBORALL, A.I.E.E., “ Polyphase 
Electric Working.” 


MEETINGS FOR THE ENSUING WEEK. 


Moxpay, JAN. 21..SOCIETY OF ARTS, John-street, 
Adelphi, W.C., 8 p.m. (Cantor Lectures.) Mr. 
J. Liberty Tadd, “ Elementary Art Education.” 

(Lecture II.) 
Cleveland Institute of Engineers, Middlesbrough, 


7} p.m. 


British Architects, o. Condutt-street. W., 8 p.m. 
Mr. J. J. Stevenson. “ Difficulties and Hindrances 
in Producing Good Modern Architecture.” 

Victoria Institute, 8, Adelphi-terrace, W.C., 8 p.m. 
Rev. G. F. Whidborne, “Evolution from a 
Gelogical Point of View.” 

London Institution, Finsbury-circus, E.C., 5 p.m., 
Mr. H. J. Mackinder, ‘‘ The First Ascent of Mount 
Kenya in Equatorial East Africa.” 

Biblical Archxology, 37, Great Russell-street, W.C., 

8 p.m. 

Jax. 22..SOCIETY OF ARTS, John-street, 
Adelphi. W.C.. 4} p.m. Hon. Sir John Alexander 
Cockburn, ‘The Commonwealth of Australia.” 
Royal Institution, Albemarle-street, W., 3 p.m. 

Prof. J. A. Ewing, “ Practical Mechanics—First 

Principles and Illustrations.” (Lecture IT.) 
Medical and Chirurgical, 20, Hanover-sq., W., 83 p.m. 
Civil Engincers, 25, Great George-street, S.W., 

8p.m. Mr. James Thomas Ford, “The Present 

Condition and Prospects of the Panama Canal 

Works.” 

Photographic, 66, Russell-square, W.C., 8 p.m. 
Mr. Edwin Tindall, ‘‘ Imitative versus Creative—a 
Comparison ” 

Anthropological, 3, Hanover-square, W., 8} p.m. 

Mr. W. Rosenhain, ‘‘ On Malay Mctal-working.”’ 


Wepnespay, JAN. 23..SOCIETY OF ARTS, John-street, 
Adelphi, W.C., 8 p.m. Mr. F. R. Behr, “The 
Proposed High-speed Electrical ‘Monorail’ be- 
tween Liverpool and Manchester.” 

Geological, Burlington-house, W., 8 p.m. 

Electrical Engineers*(Birmingham Local Section), 
University-buildings, Birmingham, 8p.m. Inaugu- 
ral Address by Dr. Oliver Lodge. 

Japan Society, in the Galleries of the Royal Institute 
of Painters in Water Colours, Piccadilly, W., 
8}p.m. Reception by their Excellencies the Baron 
and Raroness Hayashi. 

Royal Society of Literature, 20, Hanover-square, 
W., 1 p.m. 

THURSDAY, JAN. 24...Royal, Burlington-house, W., 4} p.m. 

Antiquaries, Burlington-house, W., 8} p.m. 

London Institution, Finsbury-circus, E.C., 6 p.m. 
Mr. J. A. Fuller- Maitland, ‘‘ Bach’s 48 Preludes 
and Fugucs.”’ 

Royal Institution, Albemarle-street, W., 3 p.m. 
Dr. Arthur Willey, ‘‘ The Origin of Vertebrate 
Animals.” (Lecture II.) 

Electrical Engineers, 25, Great George-street, S.W., 
8 p.m. Adjourned discussion on Mr. Mordey's 
paper, ‘‘ Capacity in Alternating Current Work- 
ing.” 

Fripay, JAN. 25...Royal Institution, Albemarle-street. W., 
8 p.m. Weekly Meeting, 9 p.m. Dr. A. W. Ward 
(Master of Peterhouse), ‘*Some Aspects of Seven- 
teenth Century Pietism.” 

Civil Engineers, 25, Great George-strect, S.W., 8 
p.m. (Students’ Meeting.) Mr. C. Johnston, 
“Sewage Treatment.” 

Junior Engineers, Westminster Palace-hotel, S.W., 
8 p.m. Mr. A. Ross, “ Railway Construction.” 

Clinical, 20, Hanover-square, W., 84 p.m. 

Physical, Chemical Society’s Rooms, Burlington- 
house, W.. 5p.m. 1. Prof. A. W. Rücker, * The 
New Physical Laboratories of the Royal College 
of Science.” 2. Mr. E. B. H. Wade, “ Noteon an 
Absolute Method for Determining the Hygrometric 
State of the Atmosphere.” 3. Mr. S. W. J. Smith, 
“ Exhibition of an Experiment on the Migration of 
the loas.” 

SATURDAY, JAN. 25...Royal Institution, Albemarle-street, 
W., 3 p.m. Prof. R. K. Douglas, ‘‘The Govern- 
ment and People of China.” (Lecture II.) 


TUESDAY, 
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All communications for the Society should be addressed to 
the Secretary, Fohu-street, Adelphi, London, W.C. 


Notices. 
a 
POSTPONEMENT OF MEETINGS. 


In consequence or the national mourning 
for the death of the Queen, all the meetings 
of the Society for the next week are postponed. 

The following meetings, therefore, will not 
be held :— 


Monday, January 28—Cantor Lecture. 
Tuesday, January 29—Meeting of the Section 
= of Applied Art. 

Wednesday, January 30—Ordinary Mecting. 


For the same reason the following meetings 
were not held :— 


Tuesday, January 22—Meeting of the Colo- 
nial Section. 
Wednesday, January 23—Ordinary Meeting. 


The Council of the Society will meet on 
Monday next, 28th inst., to consider what 
immediate action they can take to express the 
Society’s sense of the loss the nation has 
sustained by the death of a monarch in whose 
beneficent reign so much progress has been 
made in the Arts and Manufactures. 


CANTOR LECTURES. 


Mr. J. LIBERTY TADD delivered the second 
lecture of his course on ‘‘ Elementary Art Edu- 
cation,” on Monday evening, 21st inst. 

The lectures will be published in the Fuurnal 
during the summer recess. 


Proceedings of the Society. 


APPLIED ART SECTION. 


Tuesday, January 15th, 1901: ALEXANDER 
STUART MURRAY, LL.D., Keeper of the 
Department of Greek and Roman Antiquities, 
British Museum, in the chair. 


The paper read was-— 
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CAMEOS. 
BY CYRIL DAVENPORT, F.S.A. 


The word ‘‘Cameo’’ does not in any way 
help towards a proper understanding of the 
term. The real derivation of the word is un- 
known. As we now understand them cameos 
may be defined as small bas-reliefs cut upon 
some substance precious because of its rarity, 
beauty, or hardness. 

The earliest examples of the art are per- 
haps to be found in the scarabs of ancient 
Egypt, combining both the cameo and 
intaglio, as their bases are engraved with 
designs. Early instances also exist in the form 
of small sculptures, on the back of seal 
stones, of Greek and Etruscan origin, as also 
rarely in Mycenean work. Glass cameos were 
probably made at Rome long before the 
Christian era, and of still earlier date are 
found small rosettes and medallions of clay 
impressed with designs in relief and gilded. 

The ancient Egyptian scarabivi are usually 
made in some soft stone, steatite, syenite, or 
serpentine, all of which can be cut by flint or 
obsidian flakes, or even by hard metal chisels. 
But harder stones were sometimes successfully 
cut, examples being found in amethyst, 
carnelian, obsidian, and jasper. The majority 
appear to have been made in moulded glass or 
porcelain, usually with a green or blue glaze. 

About the 3rd century B.C. the peculiar 
adaptability of the banded onyx for cameo 
work was first generally realised, and it rapidly 
became the favourite matcrial in which the 
most skilled artists worked; and cameos in 
time became valued articles of personal adorn- 
ment, increasing in favour in proportion as the 
use of seal rings declined. 

Onyx, which is a silicious chalcedony, 1s 
usually formed in irregular hollows in trap 
rock, and is deposited gradually in successive 
layers from the outer contours towards the 
centre, alternately crystalline and amorphous. 
The crystalline layers are white in reflected 
light, the amorphous are translucent, greyish, 
and curiously permeable by liquids. In con- 
sequence of their permeability, certain colours 
are sometimes naturally acquired by the amor- 
phous layers of chalcedony; in cases where 
the water of infiltration is loaded with iron, 
a yellowish-red will probably be found, pro- 
ducing what is called «a sardonyx, from a 
Persian word “zard, meaning yellow: other 
metals will impart other tints. 

Pliny (1st century), in his “ Natural His- 
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tory,’ among other notes concerning jewels, 
says that (Book xxxvii.) in his hands are books 
“ wherein it is deciphered how to sophisticate 
transparent gems,’’ a statement which likely 
enough refers to artificial colouring of chal- 
cedony. But at the same time it may also 
only mean the paste imitations which were 
plentifully made both before and during the 
time the ‘‘ Natural History ’’ was written. 

It is, I think, probably due to the discovery 
of the remarkable adaptability of the onyx 
stone for cameo work, that the art has de- 
veloped so as to become one of a considerable 
range, and considerable importance both from 
the antiquarian and the artistic point of view. 

Without this discovery we should not have 
possessed the Strozzi Augustus of the British 
Museum, or the Portland Vase, or any of the 
works like them, bearing designs cut in one 
coloured layer on a background of another, 
but we might have had the vase of St. Martin, 
cut simply in an agate without any reference 
to the trend of its colour layers, and the 
Phalerez in chalcedony or amethyst, or any 
other stone of one colour. But without the 
onyx cameos it is likely enough that all the 
rest would never have been considered more 
than small and delicate pieces of sculpture, 
not belonging to a school of their own, so that 
for the existence of cameos as a distinct 
branch of art we are probably indebted par- 
ticularly to that unknown lapidary who first 
hit upon the idea of cutting the banded onyx 
parallel to its colour layers instead of across 
them. 

At Oberstein, in Oldenburg, there is a large 
onyx industry, originally fixed there because 
the stone was found plentifully in the neigh- 
bourhood, but this supply having now become 
comparatively small, onyxes are sent there in 
quantities from India, Brazil, or Egypt to be 
sliced up ready for cutting, shaped and arti- 
ficially stained with colours as may be 
desirable. 

The staining of onyx is well understood and 
is now reduced almost to a certainty, so that 
it is said that any ancient and presumably 
natural tint can be artificially produced with 
great accuracy :— ; 

Reds by means of pernitrate of iron. 

Black by oil, honey, or sugar. 

Blues by iron with ferro-cyanide of potassium 
(prussian blue). 

Greens. by nitrate of nickel. 

Heat alone will often darken and improve 
the colour of an onyx. 

Sulphuric aciq will often improve the colour 
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of an onyx when metallic oxides already exist 
within it. 

Nitric acid will often pale an onyx. 

The white or crystalline layers are seldom 
meddled with. They can only be slightly 
reddened superficially by painting with a 
solution of iron or a little thickened by heat or 
strong acid. 


METHODS. 


Early carvings and engravings on hard 
stone were probably at first cut with a sharp 
diamond splinter alone; in time the diamond 
point was only used to sketch out the design 
on the polished surface of the stone, the actual 
cutting being afterwards done more easily and 
expeditiously by means of a hand drill, or 
some more powerful tool analogous to the 
modern jeweller’s lathe. The harder stones 
require the help of oil and diamond dust to cut 
them, the soft iron points which are used be- 
coming thickly coated with microscopic pieces 
of diamond and when rapidly revolved forming a 
very powerful cutting surface. 

Emery is mentioned by both Theophrastus 
and Pliny as being the best material for rubbing 
down stones for engraving, the softer of which 
were probably sometimes engraved with flint 
points. Emery will polish a diamond; it is 
crystallised alumina, and a variety of cor- 
undum. 

For polishing ordinary stones rotten stone 
(powdered alumina) or tripoli powder (powdered 
silica) are most generally used. For polishing 
of course the material used must be softer than 
the substance to be polished, and the points 
used for carrying the polishing powders are 
also soft, copper, ivory or wood. 


PERIODS. 

My examples are arranged in three divisions, 
antique subject or portrait cameos on small 
or flat stones; antique vases and cups on 
nodules of onyx or cut as cameos on blue or 
white glass; and the later or Renaissance 
cameos. 

The Greeks were the most successful workers 
in cameo that have existed, the few remaining 
specimens of their work done during the early 
Ptolemaic period (3rd and 4th centuries B.C.) 
are unsurpassed, and the finest pieces made at 
Rome from the first century B.C. to the third 
century A.D., were actually the work of Greek 
artists. The universal acknowledgment of 
the surpassing excellence of the Greek work- 
menis marked in an interesting way by the 
fact that the extremely skilful Renaissance 
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cameo cutters nearly all signed their names, 
if at all, in Greek characters. 

Augustus Octavianus Cæsar, second Em- 
peror of Rome, who reigned during the latter 
part of the Ist century, B.C., and the first few 
years of the Christian era, was evidently not 
only a splendid model for the cameo cutter, 
but also a man of much learning and culture 
and a great patron of the arts. He is said to 
have been the original of Æneas as depicted by 
Virgil. 

During the Roman Empire until the time 
of Constantine great luxury prevailed, and 
no doubt the lavish expenditure which was 
indulged in by the opulent and luxurious 
collectors of their time, tempted the most 
skilled of the Greek cameo cutters to migrate 
to Rome and follow their avocation there more 
profitably to themselves than they could any- 
where else. 

Towards the end of the 3rd century the 
Greek influence began to die out of Roman art 
in cut gems, and consequently there is a 
marked decline in the hitherto high standard 
reached in their production, and in the 4th 
century when Constantine the Great moved his 
Court to Byzantium, ‘‘ Nova Roma’’ as it was 
sometimes called, a new style, Christian in 
feeling, began, and the classical designs 
hitherto prevalent were changed as to their 
attributes or superseded by others of new 
character. Hercules becomes David, Perseus 
and the Gorgen do duty for David and Goliath, 
Venus and Leda both become the Virgin Mary, 

and the heads of Medusa have the snakes cut 
away and are changed into the Holy face of 
St. Veronica. Byzantine art in camos is not 
remarkably good, it is chiefly noticeable for 
the skilful manner in which advantage is taken 
of the natural markings of the bloodstone. 

Some ancient portrait and subject cameos 
are of world-wide celebrity, either because of 
the exquisite beauty of the art displayed upon 
them, or for the size and beauty of the stones 
in which they are cut. The largest of these 
are both illustrative of scenes in the life of the 
Emperor Tiberius, who succeeded Augustus; 
one is at Paris (13 inches by 11 inches) and the 
other at Vienna (g inches by 7 inches). M. 
Ernest Bahelon thinks these may both have 
been cut by the celebrated engraver of intaglios, 
Dioscorides. Then there is the beautiful double 
profile cameo at St. Petersburg known as the 
‘‘Gonzaga Cameo,” representing, perhaps, 
Ptolemy II. Philadelphus, King of Egypt, and 
his wife, and another of the same king with 
his second wife, at Vienna. Adolf Furt- 
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waengler considers these may be portraits of 
Alexander the Great and his mother Olympias. 
They were both most likely made during the 
early Ptolemaic period. 

The large double portrait cameo, formerly in 
the Marlborough collection and now in the 
British Museum, is also one of the great 
cameos of the world; it measures 8? inches 
by 6 inches, and represents an emperor and 
empress facing each other, in profile, with the 
attributes of Jupiter Ammon and Isis. 

The most beautiful single head in a cameo 
is probably the portrait of the Emperor 
Augustus, now in the British Museum, 
and formerly in the Strozzi collection at 
Florence. It measures 5 inches by 3} inches, 
and is cut upon a most beautiful sardonyx. 
Another magnificent single head, a portrait of 
the Emperor Claudius, measuring 74 by 5% 
inches, but badly broken, is in the Royal 
collection at Windsor. 

Among the Renaissance cameos, as far as I 
know, there is only one of great celebrity, that 
is the small marriage group of Eros and Psyche, 
falsely signed ‘‘ TPY@QN ENMOJEI,’’ which was 
formerly in the Marlborough collection, and 
has now gone to America. 


Cups, VASES, AND DISHES. 

Besides the usual form of portrait or subject 
cameos so well known to us, samples of which 
you have just seen, there is another class 
which is important and perhaps not so well 
known or appreciated as it ought to be. These 
are the vases, dishes, and cups which are cut 
as cameos, and made out of nodules of onyx, 
or of blown and cut glass. There are now but 
few ancient examples of this development of the 
art of the cameo cutter left, most of them have 
succumbed to the destroying influence of time. 
It is said that when the Roman General 
Pompey brought back from Egypt the treasure 
he had captured from Mithridates, King of 
Pontus (1st century B.C.), there were some 
two thousand cups of carved hard stone among 
it. One of these is said to exist in the “ Cup 
of St. Denys,’’ now at Paris, but it appears to 
me to have the characteristics of later work. 
The “Tazza Farnese,’’ now at Naples, and 
formerly in the collection of Lorenzo de 
Medici, is a flat agate dish (diameter about 
8 inches), magnificently cut as a cameo, with 
figures probably of Egyptian divinities. It is 
considered to have been made during the early 
Ptolemaic period, probably at Alexandria. The 
“Vase of St. Martin, now at St. Maurice 
d’Ayaune, in the Rhone Valley, is an onyx 
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cup, dark, still with its Byzantine setting}; it 
is probably early Byzantine work, or possibly 
late Roman mounted by Byzantine artists. The 
small but exquisite chalcedony vase (8} inches 
high)recently bequeathed tothe British Museum 
by Baron Ferdinand de Rothschild, belongs to 
this class. The lip, lid, and foot are of 
enamelled gold, added probably in the 16th 
century. 

Besides these, which are all of the first im- 
portance, are the remarkable works of the same 
kind, but executed in glass; the Portlard 
vase, in the British Museum, the Vase 
des Vendanges at Naples, and the Auldjo 
vase in the British Museum. The Vase 
des Vendanges alone is perfect. These 
are all antique, and as exquisitely worked as if 
they were made of the most valuable stones. 
The Portland vase is the finest of them. 
There are numerous fragments still existing of 
vases of this kind which have been broken. 

These glass vases are indeed glorified 
‘“ pastes,” of which numbers were made 
during the time of the Roman Empire and just 
before it. Asa rule pastes imitated intaglios 
and were cast from clay moulds, and there are 
examples of paste cameos probably made as 
early as the 2nd century, B.C. These are 
rarely satisfactory because of the difficulty of 
persuading the glass for the part in relief to 
keep to its own ground. In the case of the 
vases, however, the procedure has been different, 


the reliefs have not been cast, as Wedgwood - 


reliefs are for instance, and then stuck on, 
neither have they been cast in one piece with 
the darker glass of the ground, but the vase 
has been made in the dark glass first, then 
dipped in white glass so as to be entirely 
coated with it. The vase has then been treated 
exactly as if it was a stone and the cameo 
cutter has cut the glass in the same manner as 
he would an onyx. None of these cut glass 
vases have now a high polish, but it is possible 
that they originally had, as some of the glass 
plaques of similar workmanship and about the 
same date are polished. 


RENAISSANCE. 

After the Byzantine period until the Renais- 
sance, z.é., until the 15th century, there is a 
lack of consecutive art in the direction of 
cameo-cutting. The Byzantine cameos are 
not remarkable for beauty in design or execu- 
tion. They are largely cut in bloodstone, the 
peculiar coloration of which was peculiarly 
fitted for representations of the crucifixion. 

Christian designs prevailed as a rule until 
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the end of the 15th century, when the ‘‘ Re- 
naissance’’ began, and classical designs in 
their turn replaced those taken from Biblical 
sources. 

The earliest great patron of cut gems of the 
Renaissance period was Cardinal Bembo, after- 
wards Pope Paul II., who made a fine collec- 
tion. He is said to have so loaded his fingers 
with rings set with gems that they chilled him 
to death. His collection was largely acquired 
by Lorenzo dei Medici, called the Mag- 
nificent, who ruled in Florence during the 
latter half of the 15th century. The revival 
of the arts which took place in the 15th 
century is generally considered to have 
been largely due to the patronage of this 
great Italian. He had many of his gems 
engraved with his name. The Medici collec- 
tion is now dispersed chiefly between the 
Museums of Naples, Florence, and Paris. 

Renaissance cameos are remarkable for 
the technical skill displayed upon them and the 
beauty of their settings. Benvenuti Cellini is 
credited with two settings for cameos now at 
Paris. Although the general level is high, 
there are no really great cameos of the Re- 
naissance period. It was indeed a revival of 
the art only, and does not add anything new to 
the existing styles. There were innumerable 
imitations made of antiques, many of them 
most skilfully. Names of celebrated engravers 
were frequently added both to inferior antiques 
and to new gems, but cameos have fortunately 
not suffered nearly so much from fraudulent 
imitations as their cousins the intaglios. 

From the 16th century to the present time 
shells have been largely used for small cameos. 
It is, technically, a different art from the 
cutting in hard stone, and is executed more 
after the fashion of a wood-carving, as the 
shell is comparatively soft. 

Queen Elizabeth caused her portrait to be 
cut in cameo several times; some of these have 
no doubt been executed by Julien de Fontenay, 
called ‘‘ Coldoré.’’ 

In later times Italian artists have most 
notably followed the profession of cameo 
cutting. Flavio Sirletti, in the 18th century, 
is said to have nearly reached the Greek per- 
fection of technique. Giovanni Pichler and 
Sirletti, too, cut some cameos with the 
diamond point alone as an experiment. Jean 
Laurent Natter, of Nuremberg, flourished 
in the same century; he was particularly 
successful in his imitations of the antique, 
and in all probability numbers of so-called 
Greco-Roman gems are really his work. 
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He made a catalogue of the Bedor 4 
afterwards part of the Marlborough 
and he also wrote a valuable 
treatise on the ancient and modern systems of 


gems, 
collection, 


engraving and cutting gems in hard stones. 
Alessandro Cesati, called ‘‘ Il Greco,” 


from the French artist, Jacques Guay, who 
made cameo portraits of her, Louis XVI., 
Marie Antoinette, and aie Guay could 


hardly write, and it is supposed that the signa- 


tures in his cameos were cut by someone else. 


In the 19th century the decline in the popu- 
larity of cameos has been marked, indeed, al- 
though there are several names of known artists 
sometimes who have them, that of Benedetto 


Pistrucci alone has reached a point of eminence. 


Pistrucci came here from Rome early in the 
century, and eventually became Chief Engraver 
He designed the beautiful 
group of St. George and the Dragon, which is 
of our coins 
He wrote an interesting 
autobiography, in which he tells the story of a 
head of Flora, cut by himself, which was sold 


to the Royal Mint. 


still used on the reverse of some 
now in circulation. 


to Mr. Richard Payne-Knight as an antique. 


Pistrucci showed his mark on the gem, but 


Mr. Payne-Knight disbelieved the story. 


— 


The following is a list of the lantern slides 
which were shown in illustration of the paper :— 


ANTIQUES. 


Egyptian scarab, set in gold ring. 

Greek seal ring of carnelian, with lion in relief. 

Phænician cameo, cut in shell, of Tridacna- 
squamosa. 

Ostrich egg, cut in cameo, by Phænicians. 

Diagram of section of the onyx stone. 

The ‘‘ Gemma Augustea,” at Vienna. 

The ‘‘ Agate de Tibere,’’ at Paris. 

The ‘‘ Gonzaga Cameo,” at St. Petersburg. 

Cameo of Ptolemy II., Philadelphus, at Vienna. 

Cameo of Marcus Aurelius and Faustina the 
Elder, at London. 

Cameo of Julia and Livia as Minerva and Juno. 

The Strozzi Augustus, at the British Museum. 

Portrait of Julia, daughter of Augustus. 

Head of Medusa, cut in amethyst. 

Cameo of Victory, in a quadriga. 

Cameo of a prancing horse, in pink limestone. 

Cameo of a horse in sardonyx. 

Cameo of a Cretan goat in sardonyx. 

Cameo of a satyr in sardony x. 


was 
noted for his fine draughtsmanship. Madame 
de Pompadour learnt the art of gem cutting 
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Two portrait heads in oe in a gold and 
enamelled Renaissance setting. 

The Marlborough cameo of Augustus, with 
radiate crown. 

Head of Diana, in a gold and enamelled 
Renaissance setting. 

Head of a boy, in high relief, in gold and 
enamelled Renaissance setting. 

Omphale cut in a nicolo, in broad gold Re- 
naissance setting, with diamonds and rubies, 
given by the Emperor Charles V. to Pope 
Clement VIII. 

Head of Livia, in cream and grey agate. 

Minerva, with helmet and Ægis. 

Head of a Mænad. 

Venus in profile in filagree Renaissance 
settings with peridots and amethysts. 

Roman portrait bust in antique gold setting. 

Head of a sphinx in rock-crystal. 

Roman necklace with cameo pendants, found 
near Nasium. 

Cameo group set in the lid of a modern horn 
snuff-box. 

Boy seated ona goat, cut in onyx, set in a gold 
and cnamelled snuff-box, given by Pope 
Pius VI. to Napoleon. 

Dancing girl cut in onyx, set in a modern horn 
snuff-box. 

Portrait cameo of emperor and empress set in 
the lid of a snuff-box of Lumacelli marble, 
with gold and enamelled borders and set 
with opals. 


VASES, DISHES, AND CUPS. 
The ‘‘ Tazza Farnese,” at Naples. 
The ‘‘ Coupe des Ptolemées,”’ at Paris. 
The ‘‘ Vase de Saint Martin,” at St. Maurice 
d’Agaune in the Rhone Valley. 


The ‘Rothschild Vase,” in the British 
Museum. 
The ‘‘ Vase des Vendanges,” at Naples. 


The ‘‘ Auldjo Vase,” at the British Museum. 
The base of the ‘‘ Portland Vase,” probably 
intended for Paris. 


The ‘“ Portland Vase,” at the British Museum. 


RENAISSANCE CAMEOS. 


The Entry into the Ark, cut in fine onyx—for- 
merly in the collection of Lorenzo de’ Medici, 
with his name on the doors of the ark. 

The Hymeneal Procession of Eros and Psyche, 
falsely signed TP¥®22N EMOIEL. 

Cameo pendant, protected by crystal, in gold 
and enamelled setting. 

Head of Pyrrhus, in filagree setting, with 
emeralds and sapphires. 
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Head of Medusa, cut in emerald, with gold 
and enamelled setting of red and blue snakes 
with diamonds on their heads. 

Iconic portrait in gold and enamelled setting. 

Cameo portrait, by Alessandro Cesati, in a 
gold and enamelled setting. 

Portrait of the Emperor Lucius Verus, in a 
gold and enamelled setting, with diamonds. 
Agate cameo, set as a pendant in gold, with 

enamels and pearls. 

The Genius of Rome, in an onyx of three strata. 

Cameo portrait of the young Hercules, in gold 
and enamelled setting, with emeralds and a 
sapphire drop. 

Hercules, cut in an antique nicolo in broad 
setting, with diamonds and rubies. 

Jerome Savonarola, in grey onyx. 

Philip II., of Spain, ın grey onyx. 

Alexander de’ Medici, in Plasma. 

Head of a Roman Emperor, in onyx of three 
strata. 

Francis I., of France, in dark onyx -Queen 
Claude, of France, in pale layers on the 
other side of the last. 

Queen Elizabeth, cut in a large nicolo. 

Queen Elizabeth, cut in a small nicolo, in gold 
and enamelled setting, with diamonds, 
rubies, and pearls; engraved at back — 
“ Wiliam Barbour caused this jewel to be 
made in commemoration of his deliverance 
from the stake by the death of Queen Mary.”’ 

Queen Elizabeth, cut in turquoise, in gold and 
enamelled setting, with diamonds, rubies, 
and pearls, said to have been preserved in 
the family of Wild, since the christening of 
its first owner, at which the Queen was 
present. 

Ivory cameo of Hercules 
Nemean lion. 

The Nativity, cut in pearl shell, in silver gilt 
and nielloed setting. 

Winged centaur, cut in Cyprea shell. 

Cameo portrait, in shell, with enamelled bust. 

Cameo, in grey shell, of Hercules killing 
Cacus the robber. 

Ganymede and an eagle, cut in grey shell, in 
gilt mount with steel brilliants. 

The adoration of the Magi, cut in mother of 
pearl, set in silver gilt rim. ` 

Pearl shell cameo, representing the triumphal 
entry of William III. into the Hague. 


strangling the 


DISCUSSION. 
Mr. J. B. MARSH said that the early cameo work 
which the reader of the paper had shown was 
certainly the most magnificent the world had seen. 
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The art of cutting such extremely hard substances had 
almost passed out of practice in these days; it was 
occasionally used, but, as cheapness now ruled 
the market, artists did not find it to their advantage 
to work in those materials. Cameos were now 
principally executed on the conch shell, brought 
from the West Indies. The most valuable shells 
were those the base of which was purple, the upper part 
was always white. Formerly ladies wore large cameos 
as brooches, but that fashion had died out, and 
smaller ones were worn on rings, set very artistically 
and beautifully. 


Mr. ALAN CoLe had been struck with the likeness 
between the designs on the gems with those in some 
of the Græco-Roman tapestries which had come from 
Upper Egypt, especially those illustrating mytholo- 
gical subjects. The treatment of some of the por- 
traits also reminded him of those in Græco-Roman 
and Coptic textiles. Possibly the designers of such 
textiles and gems were contemporaries. 


Mr. H. LoNGDEN said that he had not any 
special knowledge of ancient cameos, but he had 
been much struck by the great beauty of the Re- 
naissance settings of the cameos. 


The CHAIRMAN, in proposing a vote of thanks to 
Mr. Davenport said that that evening was the first 
occasion he had seen coloured slides of gems thrown on 
the screen, and certainly it was a marvellous change 
from the engravings with which one had to be 
content not so many years ago. He congratulated Mr. 
Davenport on the skill he had displayed in preparing 
the slides. He entirely agreed with Mr. Longden as 
to the settings of the Renaissance gems ; they were 
quite incomparably grand. With reference to the 
Roman gems, it could hardly be a matter of chance 
that most of the cameos came down to us from the 
age of Augustus or his immediate successors in the 
first half-century of our era ; tbe inference rather was 
that that was the age at which the art of cameo engrav- 
ing had attained its greatest prosperity, and that at 
no subsequent period had anything been produced 
equally worthy of preservation. The majority of the 
large gems showed portraits of Augustus, Tiberius, 
Claudius, Augustus’s daughter Julia, and his wife 
Livia; Messalina, wife of Claudius, and other mem- 
bers cf the Imperial family. The two largest cameos 
shown had been made for the glorification, the 
one of Augustus, and the other of Tiberius. He 
did not agree with all the points of interpretation 
given by Mr. Davenport, but that was a matter of no 
consequence, as hardly two people agreed upon them. 
There was a very beautiful cameo of Tiberius in 
Vienna, which Mr. Davenport ought to have shown, 
because it was signed by the artist who engraved it, 
Herophilus. He was one of three brothers, all known 
to us as gem engravers, sons of the famous Dioscorides, 
who engraved the portrait of Augustus, which the 
emperor used as a seal. It was therefore an intaglio. 
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There were many seals still existing bearing the name 
of Dioscorides, but he was afraid upon a number 
of them the name had not been inscribed by himself. 
This tamily of gem engravers were Greeks by birth, 
and it was very likely they had inherited from the later 
Ptolemy period their gift and the traditions of cameo 
engraving. Mr. Davenport had shown a number of 
undoubted Ptolemaic cameos of large size. Possibly 
the cameo of Tiberius at Vienna had been quite 
rightly used as a proof that the whole family of 
engravers, the father and his three sons, worked 
equally in cameos as in intaglios. It was also very 
likely that some of the large cameos, if not most of 
them, were the work of that family. During the latter 
period of the Roman Empire the art of cameo 
engraving ceased, but not the love of gems, which 
remained a passion down to the time of the 
Byzantine Empire, and on into the Middle Ayes, 
chiefly due to the influence of the early Church 
with its symbolism founded on precious stones, 
and with its delight in everything precious. In 
France, and he believed in England also, there were 
a number of inventories of the possessions of the 
medizval church in the shape of gems. For instance, 
in the British Museum there was a manuscript of 
Matthew Paris, the monk of St. Albans, of the 13th 
century, and in one part of it was a drawing of a gem 
then in the abbey representing a Roman emperor. 
It is stated to be on sapphire, but that was doubtful ; 
possibly any bluish stone would then be called 
sapphire. At any rate, no one knew what had 
become of it. With regard tu the great Paris cameo, 
as had been stated, it was now exhibited without a 
setting. In the 17th century it was described by a 
French writer as being set in a magnificent gold 
frame with figures of the four evangelists at the 
comers, their names being inscribed beside 
them in Greek characters. That was quite de- 
scriptive enough to convince anyone that the 
setting was Byzantine. Unfortunately, Rubens’s 
drawing of it, which was engraved and pub- 
lished by his son, did not include the setting, the 
artist probably thinking there was something in- 
congruous in putting Byzantine and Roman work 
side by side. Any incongruity of that kind would 
gladly be forgiven nowadays for the sake of the proof 
which the frame would have afforded of the continuous 
love of ancient gems from the Byzantine period to 
the Middle Ages, and on to our time. The cameo 
was stolen about 1800 and taken to Antwerp for 
sale, and when recovered the gorgeous framework was 
missing. It was still more unfortunate that none of 
the great cameos possessed their original settings, but 
one could in a measure imagine what those settings 
had been like from a very pretty cameo of Augustus 
found a few years ago during excavations at a place 
called Tirlmont, in Belgium, and promptly purchased 
by one of the Rothschilds in Paris. It wasfound in its 
original setting, an exquisitely beautiful gold frame, 
and if one could magnify that to the size of the Brit ish 
Museum Augustus, or the Paris, or Vienna came >, one 


might get some idea of the excessive splendour of those 
gems in their original aspect. He hoped that Mr. 
Davenport’s efforts to revive an interest in the study 
of ancient gems would mect with success. Having 
regard to the means now possessed of studying 
ancient gems by photographic reproductions, it would 
be strange if there were not some revival of that 
study. For the benefit of those who might desire tu 
take up the subject, he might mention that a very 
excellent German book had been produced by Pro- 
fessor Furtwaengler, which contained very many 
beautiful illustrations and mucb sound criticism. 


The vote of thanks to Mr. Davenport was carried 
unanimously. 


Mr. DAVENPORT briefly returned thanks. 


INDIAN SUGAR CANES. 
By FRANCIS N. G. GILL. 


In connection with ‘“ The Profits of Sugar-canc 
Cultivation in India and of Cane Sugar Manufacture,”’* 
there is the main question of the quality of the 
Indian sugar canes. The writer drew the attention 
of the Indian Government to this question in 1890, and 
some time afterwards Dr. Leather, an agricultural 
chemist, was appointed to experiment on cane culti- 
vation, and to report on the qualities of the canes 
cultivated by the ryots. The investigation has been 
going on now for several years, but unfortunately for 
want of previous knowledge of the technical 
chemistry and literature of sugar a great deal of the 
work done has been ill-advised as going over old 
ground, or as proceeding on mistaken premises. A 
very mischievous example of the latter is the assump- 
tion that all the cultivator is interested in, in the 
saccharine quality of his cane, is the total sugar, or 
sugar plus glucose contents of the juice, no distinc- 
tion being made between the value of the white sugar 
and of the treacle, though in the world’s market the 
contents of the raw sugar made by the cultivator in 
the former are worth five to six times the contents in 
the latter, unit for unit. In accordance with this 
assumption there is complete ignoring of the “ quo- 
tient of purity’ of all cane juices examined, and it 
is only possible to get at it in a few cases where the 
specific gravity of the juice happens to be given, and 
then it is seen that some of the canes examined are of 
very considerable value as “ sugar” canes, suggesting 
that what is immediately required is a closer investi- 
gation of the circumstances in the cultivation of the 
particular canes which led tu such gvod results. Dr. 
Leather arrives at the conclusion, from certain experi- 
ments supposed to have been carried out, that 
‘neither the kind of manure, nor its amount, exer- 
cised any influence on the quality of the juice of sugar 
cane,” which is diametrically opposed to the writer’s 


® See Society’s Journal (vol. 48, p. 881, Nov. gth, 1900). 
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experience, and to the notorious experience in the 
West Indies, even though only the proportion of 
glucose to total sugar be considered, and the quotient 
of purity be entirely ignored. Excessive manuring 
and excessive watering are both very inimical to the 
proper formation of sugar, though they may lead to 
a much heavier crop of cane. Where jaggery exclu- 
sively for Indian bazaar purposes is required the 
heavier crop may, and probably will, pay best; but 
where the cane, or the jaygery from it, can find a 
market for white sugar making, the much poorer crop 
of non-stimulated growth will have the advantage. 
Considered from the sugar-maker’s point of view, a 
crop of 11 tons per acre with the jaggery in the 
cane juice of a refining value of 44:0 per cent. is 
of better value, to the extent of its less cost in 
manuring and cutting, than a crop of 15 tons to 
the acre, with the jaggery of a refining valuc of 62:3 
per cent.; and this latter again is of the same greater 
value than a crop of 17} tons with the jaggery of a 
refining value of 55 per cent. (accepting that the 
much larger quantity of treacle would be fully 
realised). Sugar canes of the soft descriptions, con- 
taining 84 per cent. to 10 per cent. woody fibre, are 
so susceptible to the conditions of soil, watering and 
manuring, that the writer would be inclined to dis- 
regard the very obscure question as to which of them 
may be the heaviest cropper. On the other hand, he 
would regard the yield in juice a cane may afford as a 
practical question of some moment, but Dr. Leather’s 
purely practical method of investigating it, by means 
of a small hand mill, as unsatisfactory, importing, as 
it does, so many factors, personal, mechanical, and 
individual in regard to the rattans pressed, into the 
determination. On all accounts it would be better 
to estimate the woody fibre in the cane and to 
accept that in single milling on the large scale this 
fibre will retain three and a half times its weight of 
juice. 

In the following statements, Dr. Leather’s results, 
as far as they have been made intelligible by a record 
of the densities of the juices, and the writer's results 
with Godavery and other canes, show what an uncer- 
tain indication the percentage of sugar (polarization) 
of the juice is to the value for sugar making, of the 
cane, and prove that a considerable number of the 
Indian sugar canes are good sugar canes if cultivated 
under suitable conditions. 

In the ‘Shaharanpuri,’ ‘Kajli ‘ Mungo’ (a 
yellow green cane much like, as described, the ‘ Keli’ 
of the Godaveri and the large, soft green cane of 
Coimbatore, examined by the writer in 1885, and 
which showed quotients of purity rising up to 93°4 


per cent.), ‘ Bhurli <‘ Pansabi,’ ‘ Kari,’ ‘ Puri,’ 
‘ Dhaul ’ or ‘ Dhaur,’ and ‘ Samsara’ of Dr. 
Leather’s analyses, and ‘ Bourbon,’ ‘ Ribbon,’ 


‘Purple,’ ‘Pala Bombay,’ and ‘Valu’ canes of 
the writer’> analyses, are found canes which show 
positively that they are capable of giving enormous 
profit in their working, and that cultivated and worked 
rationally in India they could compete, in the cost of 
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the sugar produced from them, most successfully with 
the beetroot in Europe. 

The writer much regrets that in the management ofa 
large business he was unable to find the leisure for 
the laboratory work required to elucidate many points 
of interest in the cultivation aud constitution of the 
sugar cane not touched upon here. 


DENSITIES, POLARIZATIONS, QUOTIENTS OF PURITY, 
AND REFINING VALUES OF SOME INDIAN CANE 
JUICES. 


Bombay, N.W. Provinces, and Bengal, 1898. (Dr. 
Leathers polarizations and densities.) 
mo a EE eo 
zE Ta gf HE 
Ea So 331%. 
Gs | £7 | Om | er 
VILLAGE-GROWN. | 
Village. 
Hartsimal.— 
‘Samsara’ — yellow-green 
cane ase, Saas 10°6 15°24 | B10 | Spo 
‘Kajli’—purple cane... I1°3 17705 852 O8 
Kantalsacht,.— 
‘Samsara’ 107 | «stay 8o% | 530 
‘Kajli’? ... 109 | 1705 l 88°3 | 05°2 
Banpata.— 
‘ Samsara’ 10 6 15°24 | 8r'o! 54°9 
‘Kajli? ... 10°9 17°05 | 883 65°2 


Mem :—It is most remarkable that the polarizations of the 
juice of the two varicties of cane, grown in three villages, 
should be absolutely identical in the case of each of the two 
varieties. Ordinarily, the polarizations, and analyses generally, 
of rattans from the same stool vary very considerably. 


District. | | 
Behea.— | | 
‘ Panrabi’ — tall, yellow- | 
greencane... aoo a 97 14°50 | 8,6 60°0 
Cavenpurand Shahyahanpur | 
t Dikchan '—ycllow - green l | 
Cane ee ee 8S 1099745 | 46°7 
Rurdwan.— | 
‘Puri’—clean yellow cane,! !1°3 18°02, goo 678 
Cawnpur, Bareilly, and 
Shahjahanpur.— 
‘Dhaul’—drab,tingedgreen 9°! 13°32 | 827 57°3 
Cawnpur and Shahjahanpur 
‘Matna’—green and drab. 92 | 13°30 Bro 508 
Caren pur.— 
‘ Shaharanpuri’ — yellow- i 
green rack. ie eee TO 13°54 By 592 
Bareilly. — ' 
‘ Shaharanpuri ’ — yellow-' 
BTCON 2. eee E 7 | 14°92 | 867 029 
GOVERNMENT FARM-GROWN | i 
(plot experiments). | 
farm. 
Dumraon.—- 
‘Samsara’ — with castor . 
cake... 03 12°35 |! 753 475 
a cattle dung...| ror | 15°36 | 8s'8 oró 
Burdwan.— | 
‘ Samsara'—castor cake ...| 10°2 | 14°24 | 786 518 
a —cattle dung ...| 102 į 14°24 | 786 ; 5r'8 
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Duntraon.— | | | 
‘Mungo’ — yellow - green i | 
cane with castor cake -| 74 0 w73. 5 | 67% 
is „ cattle dung 88 13°53 | B67 62°9 
‘ Bhurli * — short, yellow- | | | 
green cane, with castor’ | | 
cake 44 He caw oe 2 9'2 | 13°76 | Byg 59°60 
' Bhurli ’—with cattle dung; 10°: | 16°09 © 90°0 078 
‘Khari ’—tall, thin, hard,’ | 
yellow-green canc, castor | 
cake rane 82 10°9 751! 47°2 
» —cattle dung ... 10'0 15°43 | 86°O . 62°7 
Burdwan .— 
‘Khari ’—cattle dung . | 10° 16°59 882 (05 
» — şi sn kee ITY 18°96 73°6 


. 93°8 | 


! 


Very remarkable, the absolute identity of the composition 
of the juice of the Samsara cane cultivated at the Burdwan 
farm (1) with castor cake and (2) with cattle dung. Gener- 
ally, the figures above show a thicker and purer juice for the 
cane cultivated with cattle dung, than that for cane cultivated 
with castor cake. 


Godaveri District, Madras, 1898. (F. N. G. Gill.) 


CANAL IRRIGATED*—Excessive water. Cultiva- 
tion much affected by disease, a parasitic fungoid 
growth, Zrichosphæria Sacchari, Dr. Bourne; Colleto- 
trichum falcatum, Mr. C. A. Barber. 


a ' i ' | m 
By 8. Sp g's 
E3 dS S35 5 SE 
RE e CON EIR 
=s piece Er N EE 
Village. | | 
Samalkot.— 
‘Licku’—1 rattan, sound : 
juice just acid ... wt 132 | 19 | 63°4 |337 243 
*Licku’—1 rattan, korn. i 
bored for nearly length of ; 
an internode ; red colo- 
ration in neighbourhood... 131 | 15°4 | 66°3 | 368 | =n, 
Bheemavaram. — 
‘ Keli ’—some middle inter- i | 
nodes split... y 75 jor ' 560 | 484 28-2 
„ —ı rattan somewhat 
diseased... 9°9 | 119 or Ly a n 
‘Namala’—1 rattan, sound 10°2 | 15°7 ' 86°7 | 62°9 zy 
‘Yerra’—1 rattan, sound...| 11°8 | 18°2 | 870 634 »w 


Loo a ua 


Six varieties of canes, all from one Bheemavaram 
garden, which had not grown cane for twelve to 
fifteen years previously, and was supposed to be quite 
free from disease. Within two furlongs of it another 
garden had lost half its crop from disease, though for 
the preceding three years it had been under paddy. 

All of the canes pulled up by the roots on the 21st 
March and not examined till three or four days after- 
wards, being kept, in the meantime, bundled together 
in a cool and airy office, where, considering the season, 
they no doubt dried considerably :— 
ce 

© The lowness of the refining valuc of these canal -irrigated 
canes is well marked. 
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sha hs ea 5 
ali S 
pa 22) 85 (es lig 
Ax Au Om | g” | x) 
‘Valu’ —1 rattan, slightly, | 
affected lower portion, | 
looked singularly dry on 
being split open. Juice l | 
very acid... ... 0. l ar20 12°§ BLB | 33°0 24-3 
‘Valu ’—1 rattar, sound. No. 
perceptible difference in 
acidity from the above . : zy 147) 8B 574 ow 
*Licku’—1 rattan, slightly red | 
inside ek uke’ dog. lade eal IE tre 550 252 25-4 
‘Licku’—1 rattan sound ...! 11°5 100o 490 21I » 
‘Keli’—bored from the roots | | 
up through two internodes. ! 
Suffusion of red half way up i 
the cane ... Saas adn sui SO ? ? 2 = 24-3 
‘Keli’—1 rattan, 12 ft. long. 
For one-third length strong 
suffusion right through pith., 
Juice somewhat acid... ...! 10°4 1136 755 48°2 | 
‘Namala’—1 rattan, sound, | | 
about 9 ft., much bent. , 
Juice very acid ... ... . 99 117 664 36°05 
‘Moglai’—1 rattan, sound. | . 
Juice slightly acid... | g's 126 75 465 | sa 
‘Yerra’—1 rattan sound. Juice | 
decidedly acid... ne el IZI | 103 | 476 B9 s 
l | : i 


RIVER (Eleru) IRRIGATED, with assistance from 
wells. Water scanty and much wanting in March and 
April. Cultivation supposed to be quite free from 
disease. 


Village. Er ag 


Poolimaru.— i 
‘Keli’—1 rattan, about 10 ft.’ 
well and straight grown, ; | 
Slightly affected for about i | 
two - thirds length with | 
redness and top portion’ | 
not wholly free. Juice 
markedly acid ... ... .. 10°9 
‘Keli’—1 rattan size and 
appearance as above and, 
equally affected with 
slight reddening through 


two-thirds length 10°0 S'I | »» 


‘Namala’—1 rattan sound. 
Juice decidedly acid...) 10°0 

*Namala’—1 rattan, very 
slightly affected in twoj 

split, 


164 


small spots by 
borer, and accompanying 
redness. Juice decidedly’ 
acid ww wee eee e = 
‘Pala Bombay’—1 rattan, 
about 7 ft. long, flesh 
slightly red tinted and 
with small borer hole near 
top. Juice very slightly. 
acid ww. vee eevee k 12°0 
‘Pala Bombay ’—1 rattan,’ 
sound. Juice very slight 
acid o see cee cee we 
‘Yerra’—1 rattan, about 6' 
ft. long... oe e ee eel 5 


9'5 50°6 | » 
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*‘Valu’—2 rattans, about | | | 

5ft., one rattan with a i | 

transverse bore at top ... 9°7 
*Valu’—2z rattans, about | 

4 ft., with small bright | 

red streak at butt in one 

of them  ... Sail 
*Keli’—2 cihandeabout 4ft., | 

one badly bored at butt, i 

and tbe other slightly 
affected with redness ...! 10'0 16°2 | 


Tirupati. — 
‘Valu ’—1 rattan... 
‘Keli’—1 rattan, sound ..| 9°7 
Veeravaram,—- | 
‘Keli’--1 rattan, much 
split, otherwise sound ..' o3 137 
Cheravada.— 
*‘Valu’—1 rattan, slightly 
hollow and pithy; red; 
colouration zi 
Kajapalam.— 
*Keli’—1 rattan, sound | 9'2 
„» 1 rattan, much red- 
ness and retraction of 
medullary matter 


t 
i 
..]| 10°9 | 15°3 
Mangytlastly.— 


$ 


< 104 


‘ Keli '—2 rattans, splitting, 
and red coloring 
‘Namala ’—1 rattan, sound 
b'ecrana.— 
‘Keji’—1 rattan, slightly 
split, otherwise sound .. 
Aalamka.— 
t Keli’—2z rattans, splitting, 
otherwise sound m ] 
‘Namala ’—1 rattan, split- 
ting, otherwise sound 
Cheadalada.— 

‘Keli’—1 rattan, much red,, 
and retraction of Lacan 
lary matter... 

Zitmmapuram.— | 
i 


20'3 | 92°7 
15°9 


g5 137 


10'8 


© 
= 2 
(e) 


‘Keli’—1 rattan, sound 
Pcddapur.— 
‘Namala’—2 rattans, cach | 
having on the same root a! 
rattan perished from dis- 
ease. Both rattans small 
—4 ft. to 5 ft. long and | | 
about 1 in. diameter at l , 
butt as Iiro 19°3 | 941 
t Namala’—2 ans about l 
4ft. Gin. long . 11°77 196 | 94'2 | 


i t i 


-156 ' 857 O14: ,, 


Nore.—Length of all canes without top. Juice expressed 
from the whole length of cane without top. 


‘ Keli,’ a soft, green cane, turning yellow when ripe, 
with old ivory marking of the epidermis. Probably 
the Bourbon cane. ‘ Namala,’ a soft cane, striped 
purple, green and yelluw. Probably the Ribbon cane 
of the Mauritius. Cultivated for a very long time on, 
if not indigenous to, the west coast of India. ‘Valu’ 
(or ‘ Val Chericu’), apparently a tall, thin variety of 
‘ Keli.’ Ripens in precisely the same manner. ‘ Licku,’ 
a short, thin variety of ‘Keli.’ Ripens in the same 
manner, with, perhaps, a more marked cracking of 
the epidermis when dead ripe. ‘ Pala Bombay,’ 
soft cane, stout. Mellow yellow when ripe. ‘ Yerra,’ 


a soft cane, purple red with dirty yellow nodes. 
‘Moglai,’ a very thick, large cane, with remarkably 
short internodes for the diameter, and with nodes 
outspreading in a very marked degree. Colour mainly 
greenish yellow, and on this slight purple stripes or 
blushes of purple stripes. Rind hard and very bnittle. 
Pith soft and juicy. 

In addition to the above canes (of which results of 
their examination are given) there is grown to a 
considerable extent in the district the ‘ Desivali,’ or 
‘ Dezavasi,’ a thinner and much harder cane than the 
‘Keli,’ though not so hard, perhaps, as the real 
Chinese ; a green cane, turning yellow in early stage 
of ripenning, and when dead ripe showing marked 
cracking of the epidermis. 

In the above statements, “ Refining Value” of 
juice is the proximate practical refining value of the 
total apparent solids of the juice, with 7 per cent. 
water, é.¢., is the refining value of the raw sugar in 
the cane without allowance for any inversion of sugar 
on boiling down the juice, which inversion is avoided 
by direct working of the cane for white sugar by 
vacuum plant, aided, may be, by Wetzel pans or 
Fryer’s concretor for concentration purposes. 

The inversion of sugar and consequent degradation 
of the refining value of cane juice boiled down 
to concrete over an open fire is very considerable. 
The writer has found it to vary very much and to be 
usually little more in the unlimed than in the lime- 
neutralised or nearly neutralised juice. Dr. Leather, 
however, is of opinion that usually there is a great 
difference in the amount of inversion under such 
circumstances, the amount of difference mainly 
depending on the exact neutralisation of the juice. 
The following are the results obtained by the writer :— 


: | so 
Juice. | Concrete. ee 
c 
LSS 
ob, eclan fe ve 
On| os OF p ize 
a e4 jor 
( 
Without lime 76°5 | 49°0 | 70'5 4v7 19 
” a a a sl 832 | 579 | 752 473 17% 
p e eee eee’ 87°2 | 03O | BETO | so'o ! 7'2 
With lime, ieai neutralised 83°2 : 57°9 | 770 | 49'0 13 
» 85°7 Ór'4 j 8&3 577 | 6o 
About half seutraliged | 78°8 5270 | 7'2 42°5 ne 


| 


— 


It would be a most interesting matter to differ- 
entiate the changes which take place by determina- 
ination of the specific rotatory and reducing powers, 
before and after complete inversion, of the juice 
before and after concretion. 


Miscellaneous Districts, Madras. (F. N. G. Gill.) 


Chinese Cane.—A mellow yellow or yellowish-green 
cane, from half inch to one inch diameter at butt, and 
with very little taper to tip. Heavy white bloom on 
rind, especially at nodes. Woody fibre from 134 to 


144 per cent. 
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Village and District. | | 

Aska, Ganjam ... ...| 10°3 9°08 | 49°89 | nrl -2-77 
Nellikuppam, South Arcot 10°2 | 12°9 TES} 42°5 -3-81 
Chidambaram, Tanjore .. 10°: 13°7 76°0 | 484 | 3-5-86 
Shiyali, Tanjore... “| 8:3 12°0 | 8z'r | 564 | 5-4-86 


4 


Ribbon Cane.—Colour, purple, with longitudinal 
spaces of yellow or yellowish green. Grows almost 
any size, according to circumstances of soil and 


climate. Has very little bloom on the rind, even at 
the nodes. Woody fibre 9-9°5 per cent. Same as 
the ‘ Namala’ of the Godaveri district. 
Kombakonam (about eight | 
months old) ... ... ...1 9°7 |1536 87°77 | 64°3 | 26-3-86 
Chidambaram, Tanjore .| o's | 14°2 | 8370 | 57°0 | 19-3-86 
se » (107 [18°39] Bara |s5 | 3-5-86 
Shiyali, Tanjore... ... ...]| 81 liro |765 |400 5-4-8 
Nellikuppam, South Arcot) 9°7 |178 1788 | §2°0 | 19-4-Ry 
ve ” 7 1§°5 , 88's 65°5 . 13- -3-80 
” ” a2 | 12°58 759 | 483 
” ” ) ! | Se en- 
(580,663 gallons... ... f to'r | 150 | 83°74} 58°6 ;) son’o4 
| 


Hospet Cane.—A green cane, tuming yellow when 
ripe. Soft. l 


ee ee —— - - --——— _ - -— 


Hospet, PET m'r jot 75°2 | 57°3 | 30-3-86 
Aska Cane.—A greenish yellow cane. Soft. 

Woody fibre from 8 to 9 per cent. 

Aska, Ganjam ... ... ...| 9°8 | 13°4 |772 | 98 | 3-76 
D n cee eee e] 97 | 13°34 | 84°6 | Goo 2-77 
” ” wee vee eee] 9°7) | 13°74 | 873 | 63°8 3-87 


Bourbon ?—A green cane, mellowing to straw 
yellow when fully ripe. Soft. Much like the ‘ Keli’ 
of the Godaveri district, and the ‘Mungo’ of Dumraon 
as described by Dr. Leather. 


4 r ] 


Chidambaram, Tanjore ... 9'7 14°5§ 847 6o'o | 19-3~86 
Kombakonam, yi ... 10°4 , 17°72 '93'4 73'0 | 20-3-86 
Shiyali, ” 9°75 12°56 72°8 44°3 5-4-86 
Coimbatore... .. ...| 10° | 15°: | 82°0 56°73 | 24-1-87 
Nellikuppam, South Arcot 100o = 15°4 | 87°0 =| 64°2 | 20-4-84 
” a», 115 18° 5 | go"6 | 68°7 9 
” T 10°5 | 15°5 | 83°3 58r | 13-3-86 
Fr ” | 10'3  14'12' 77°4 50°22 » 
5 Rattans | 
from the one stool. Cut ' 
14-9786 wae ee 9'5 T4°SS 8I 62°0 i 
p ” 9°7 | 15°47 | 90°4 683 n 
ji Cut 184-86.. to'o | 15°47 | 86°91 632 si 
i ‘i ‘1o'r | 14°93 | 83°26 | 580 » 
j * Just throw- | 
ing arrow ... see eee 9°35 ! 14°47 | 85°8 61°G 27-11-86 
Nellikuppam.—®*F lower | | 


formed but not open., E 
Exactly as above .. 2.) 4, o o» i 
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Nellikuppam.—°A rrow | l 

fully formed and seed | 

too, apparently... ...1 o's |1431 |85°5 | 61°2 [15-12-86 
Nellikuppam.—°A rro w! 

fully formed and seed 

fully ripe ... ... J r3 |19341943 |744 | 30-1-87 
Nellikuppam. — 1 us t 

throwing arrow... ../ 9°25 | 14°74 | 88°2 | 65°1 , 


® Flowered eight and nine months after planting the sced— 
from both top and main portion of rattans—imported from 
Coimbatore. 


Purple-red Cane.—A soft cane, bnt somewhat 
harder than the Ribbon and the Coimbatore canes, 
Apparently the same as the ‘ Yerra’ of the Godaveri 
district. 
18-4~-84 
19-4-84 


74°5 | 46°5 
72°0 | 43°3 


Nellikuppam, South Arcot | 8'4 | rr 
, S| 12T 
| 


Reed Cane.—A small reed-like cane. A diminutive 
Chinese cane in appearance though it is decidedly 
taper. About half inch diameter at base with a 
quarter inch tip. Woody fibre about 16'3 per cent. 


Shiyali, Tanjore §7°9 | 28-4-8 


12°5 | 18°49 | 83°2 


It is evident from the analyses of the same descrip- 
tion of canes grown in different places that the sugar 
cane is very susceptible to the conditions under which 
it is cullivated in regard to its elaboration of saccha- 
rose. 

As with the sugar beet, the sugar cane is easily 
over manured and then grows rank, with poor avail- 
able sugar contents. 

The Ribbon and Bourbon canes grown at Shiyali 
were grown on clayey alluvial soil, somewhat “ salt,’’ 
and were manured with farmyard manure at the 
rate of 1§ tons per acre, with the result that they 
were overgrown and worthless for sugar making. 
The ‘‘ash”’ was from 50 per cent. to 100 per cent. 
more than in the juices of the ordinarily cultivated 
canes, 


COMMERCIAL CONDITIONS IN 
PORTUGAL. 


Portugal is naturally an agricultural and not a 
manufacturing country. Sixty per cent. of her exports 
are agricultural, in spite of the lack of technical 
instruction and the ignorance of modem methods of 
agriculture. Scarcely 50 per cent. of the Portuguese 
peasants know how to read and write, but they are 
laborious and possess a great natural aptitude for 
agriculture. In fertility of soil and salubrity of climate, 
Portugal compares favourably with other countries 
situated in the same latitude. Means of transportation 
have increased, and Portuguese products find a market 
all over the world. England has a large share in the 
commerce of Portugal, wool and port wine being the 
principal articles of exchange. Port wine was origi- 
nally made to suit the taste of Great Britain. Another 
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industry which might with proper care have become a 
source of wealth to the country is the manufacture of 
oil. Portuguese oil is ordinary in quality and badly 
made, having frequently a disagreeable odour and 
taste. In 1898, Portugal exported 528,000 gallons, 
of which less than 26,400 gallons were consumed in 
Europe, the remainder going to the Portuguese 
colonies. The total value of Portuguese imports into 
her colonies in 1897 was £1,941,000; in 1898 the 
amount was much larger. These colonies represent 
now an important factor in Portuguese revenues. 
The vast territories of Angola are open and their 
production is increasing. Various companies are 
being organised to exploit the colony of Mozambique. 
The valuable island of St. Thomas exports great 
quantities of coffee and cocoa, while the Portuguese 
possessions in Guinea bid fair to be considerable 
sources of profit to the Government. The development 
of these colonies in the last two years is not only of 
great importance to Portugal but to other countries 
as well, since large quantities of supplies for them are 
ordered from foreign markets, and the increasing 
exports from the colonies are seeking other countries. 
In the last eight years many manufactories have been 
established in Portugal, principally of cotton, wool, 
linen, felt, porcelain, and earthenware. In the 
majority of cases the articles produced are of an 
inferior quality, with the prices but little lower than 
the current rates for foreign goods of higher grade 
which have paid a custom duty on importation. 
Portugal has special commercial treaties with Spain. 
Russia, Denmark, Norway, and Belgium, but England, 
Germany, and France have the greatest commercial 
transactions with the country. 


THE AUSTRIAN GLOVE INDUSTRY. 

The glove industry in Austria has shown a remark- 
able growth within the past few years. In 1880 the 
total production of gloves within the Empire was 
about 500,000 dozens; in 1897 it had risen to 
1,750,000 dozens, and at the present time, according 
to the United States Consul at Trieste, it is not far 
from 2,000,000 dozens. The city of Prague records 
the greatest gain. The number of establishments 
increased there from 100 in 1880, to 195 in 1899; the 
number of cutters from 453 to 1,600, and the number 
of gloves manufactured from 236,000 to 1,000,000 
dozens. Vienna follows with 170 establishments 
(against 213 in 1880), 500 cutters (360 in 1880), and 
275,000 dozen gloves (187,000 dozen in 1880). The 
decrease in the number of establishments in the latter 
city is to be accounted for by the prevailing tendency 
towards centralization. In the Erzgebirge, the third 
most important centre of the Austrian glove industry, 
the production has increased from 243,000 dozens 
in 1890 to 342,000 dozens in 1899. Austria at 
present not only supplies almost her entire home 
demand for gloves, but also exports this article 
to the value of over £1,200,000 per annum. The 
only foreign makes imported are Krimmer gloves 


(which are produced at remarkably low rate in 
Chemnitz), and buckskin and Mocha gloves from 
Germany, superfine kid gloves from France, and 
sporting gloves from England. The Austrian glove 
industry has not prospered without experiencing 
severe trials. It has had to meet increased foreign 
competition and lower prices, but with cheap labour 
and an increased capacity of its factories, it has 
continued to compete successfully even in German 
markets. There are now in the empire a number of 
establishments capable of turning out 100,000 dozen 
gloves per annum. The principal market for Austrian 
gloves is England. The export to the United States, 
which was considerable up to 1897, has shrunk to 
about a fifth of its former amount. In the two years 
from 1897 to 1899, its value decreased from £98,400 
to £19,960. 


_— 


EXHIBITION OF MODERN 
ILLUSTRATION. 


The Loan Exhibition of Modern Illustration in the 
Indian Section (Imperial Institute-road) of the Vic- 
toria and Albert Museum, was opened on Monday, 
the 14th inst., and will remain open about three 
months. The Exhibition will be open free every day— 
on Mondays, Tuesdays, and Saturdays from 10 a.m. 
till 10 p.m.; on Wednesdays, Thursdays, and Fri- 
days from 10 a.m. till 4 p.m.; and on Sundays from 
2 p.m. till dusk. The Exhibition is restricted to 
typographic work suitable for book, magazine, and 
newspaper illustration, and comprises reproductions 
and the original drawings executed since 1860. The 
works exhibited are hung in twenty-six bays on both 
sides of a long gallery, and on ten screens placed in 
the centre of the gallery. The earlier bays contain 
the drawings and wood engravings, while the re- 
maining bays and the screens contain the pen and 
wash drawings and process reproductions, except in a 
few cases where wood engravings are still produced. 
Twelve bays and one screen are devoted to a selec- 
tion from some of the foreign schools of illustration. 
The total number of the entries in the catalogue is 
1,643, but as in a large number of cases there are 
several drawings and prints in a frame to which one 
number is given, the total number may be esti- 
mated at between three and four thousand. When 
the Board of Education agreed to the suggestion of 
the Society of Arts, to arrange this Exhibition, they 
did so on the condition that the Society undertook 
the preparation of the catalogue, and this agreement 
has been carried out. 


MEETINGS OF THE SOCIETY. 


All meetings announced for next week are post- 
poned. 


MEETINGS FOR THE ENSUING WEEK. 


As far as can be ascertained, all meetings 
announced for the ensuing week will be postponed, 


February 1, 1901.) 


JOURNAL OF THE SOCIETY OF ARTS, 


153 


Pournal of the Society of Arts, 


No. 2,515. VoL. ALIX. 


FRIDAY, FEBRUARY 1, 1901. 


All communications for the Society should be addressed to 
the Secretary, Foku-street, Adelphi, London, W.C. 


Notices. 


nee 


DEATH OF HER MAJESTY QUEEN 


VICTORIA. 


At a special meeting of the Council of the 
Society, held on Monday, January 28th, Sir 
FREDERICK BRAMWELL, Bart., F.R.S., Vice- 
President and Treasurer (in the absence from 
England of Sir John Evans, K.C.B., F.R.S., 
Chairman of the Council), in the Chair, the 
following address to the King was prepared, 
approved and ordered to be sealed :— 


To THE KING’S MOST EXCELLENT MAJESTY, 


May it please Your Majesty :— 

The Society of Arts, which for fifty-six years 
has prospered under the wise and kindly guid- 
ance of Your Majesty, and of Your illustrious 
Father, the Prince Consort, desires to be per- 
mitted to express its heartfelt sympathy with 
Your Majesty, with Your beloved Consort, and 
with the other Members of the Royal Family, 
in the heavy affliction which has befallen Your 
Majesty and the Nation by the loss of a 
Mother and a Queen. 

The Society at the same time desires to be 
permitted to express its thankfulness that our 
late Most Gracious Sovereign is succeeded by 
One who for so long has taken such an important 
share in the affairs of the Nation, and in so doing 
has ever shown Himself imbued with that wise 
and generous spirit, which secured to Her 
Majesty Queen Victoria during Her long reign 
the reverent and loyal affection of Her people. 


Sealed with the Seal of the Society 
for the Encouragement of Arts, 
Manufacture, and Commerce, this 
thirtieth day of January, 1901, in the 
presence of 
FREDERICK BRAMWELL, 
Treasurer. 
HENRY TRUEMAN WOOD, 
Secretary fo the Society. 


i 


POSTPONEMENT OF MEETINGS. 


In consequence of the national mourning 
for the death of Her Majesty Queen Victoria 
the following meetings of the Society were no 
held :— 

Monday, January 28—Cantor Lecture. 

Tuesday, January 29—Meeting of the Appliec 
Art Section. 

Wednesday, January 30—Ordinary Meeting. 

The meetings will be resumed on Monda; 
evening, February 4th, when Mr. J. LIBERT) 
TADD will deliver the last lecture of his cours: 
on ‘‘ Elementary Art Education.” 


Proceedings of the Society. 


INDIAN SECTION. 
Thursday, January 17th, 1901, Sir WILLIAN 
LLEE-WARNER, K.C.S.I., Member of Council 
in the chair. 


The paper read was— 


METALLIFEROUS MINING IN INDIA 
By JOHN W. Evans, D.Sc., LL.B., F.G.S. 


(Formerly State Geologist and Chief Inspector of Mine 
in Mysore.) 


LIMITS OF THE PAPER. 


It is impossible to deal satisfactorily witt 
the whole of this extensive and importan! 
subject in a single paper. I have accordingly 
decided to restrict its scope in two ways. | 
shall confine my remarks to India proper, anc 
more particularly what is known as Peninsula: 
India, and omit all reference to Burma 
Balichistan, and Afghanistan, and only allude 
in passing to the Himalayan region. In the 
next place I shall follow the lines of Britist 
mining legislation, and not attempt to dea 
with the question of the utilisation of the 
valuable iron deposits of India. This is < 
subject that has little to connect it with the 
working of other metalliferous mines, anc 
from its interest and importance deserve: 
separate treatment. 

I feel the greater justification in taking thi: 
course in the fact that the iron ores of Indi: 
have already, on the 28th of March, 1873, beer 
brought prominently before this Society in ar 
able paper on ‘‘ The Mineral Resources o 
India,” by Dr. W. T. Blanford, formerly 
President of the Geological Society o 
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London, and, subsequently, on the 21st of 
April, 1881, in a paper on ‘The Mineral 
Resources of India and their Development,” 
by the late Professor V. Ball, author of 
‘*Economic Geology,’’ Part III. of ‘‘The 
Manual of the Geology of India.’ The 
subject has also been ably dealt with by 
Mr. T. H. Holland, Officiating Superintendent 
of the Geological Survey of India.* 

None of these authors have, however, made 
more than passing references to metalliferous 
mining. Yet the efforts that have been made 
—in some cases successfully—to develop this 
branch of the mining industry afford interest- 
ing and instructive lessons for the future. 


GEOLOGY OF PENINSULAR INDIA. 


I must first detain you for a few moments 
with a brief sketch of the geological structure 
of India. From this point of view India con- 
sists of two entirely distinct portions which 
have little in common with each other. Every- 
thing to the south of the low-lying tract that 
includes the greater part of the basins of the 
Ganges and Indus may be described as Penin- 
sular ‘India, while to north lies the extra- 
Pensinsular or Himalayan region. 

In Peninsular India comparative quiet has 
reigned for long ages which appear to trans- 
cend the lapse of time since life of which we 
have any evidence has existed upon the earth. 
There have, no doubt, been changes of level, 
and even important displacements in certain 
localities; but great folding movements, such 
as have occurred in the Himalayas from time 
to time while the different fossiliferous forma- 
tions were being deposited, seem during the 
whole of that period to have been entirely 
absent from Peninsular India, and we have 
every reason to believe that the greater part of 
the country never sank beneath the level of the 
sea. 

In some areas lacustrine and fluviatile con- 
ditions appear to have prevailed during late 
Palxozoic and early Mesozoic times, when the 
upper and lower Gondwana beds were de- 
posited, in the latter of which the Indian coal 
is found. A little later a few tracts near the 
present coast-line appear to have been 
depressed below the sea. 

The close of the Mesozoic or secondary age 
was marked by great volcanic outpourings. 


* Mr. T. H. Holland's “Iron, Southern Districts, Madras 
Presidency.” (Handbook of Commercial Products, Indian 
Section, Imperial Institute Series, 1892.) 


The remains of these, known as the Deccan 
trap, now cover almost the whole country in 
the north-western portion of the Peninsula. 
Above the trap at certain points near the sea 
border a few marine deposits are now exposed, 
which were deposited in later—Tertiary— 
times. 

But over the greater part of Peninsular 
India non-fossiliferous formations of unknown 
antiquity are still exposed at the surface, and 
appear to have suffered little change since the 
most remote periods except from the destruc- 
tive and transforming action of sun, wind, 
vegetation, and running water. - During this 
immense time vast masses must have been 
removed and carried to the ocean depths, 
though a small proportion of the rock that has 
disappeared still remains on Zerra firma in 
the form of the deep ‘cotton soil,’’ alluvial 
deposits and the strange ferruginous argill- 
aceous material that is known as laterite. 

The ancient unfossiliferous rocks of the 
Peninsula are roughly grouped in the follow- 
ing Table, where they occupy the same rela- 
tive positions as they do in Nature. In the 
absence of fossils it is impossible to correlate 
these rocks in different areas; all we can do is 
to group together those that have suffered 
approximately the same amount of alteration 
and occupy a similar position. The lower 
rocks are as a rule the older, but the massive 
gneisses probably represent, in some cases at 
least, igneous rocks of later formation than the 
beds above them. 


North. South. 
Comparatively { Upper ; Karnuls. 
unaltered f Lower(Pb) Vindhyans Kadapas 

(Cu). 

Delhi. 

Transition Gwalior and Bijawar. ea 
( Aravalli (Cu). : i 
Metamorphic ( Fissile Gneisses and Schists (Au, Pb) 


\ Massive Gneiss, Bundelkhand Hosur 
(Au) = Gold, (Cu) = Copper, (Pb) = Lead. 


The massive granitoid gneiss which occupies 
such a large area of Peninsular India is 
almost entirely unproductive of useful precious 
metals. 

The more fissile gneisses and schists wnich 
sometimes replace the massive gneiss are not 
so barren. In Southern India, where they 
usually occur in long bands which in 
most cases—but by no means always—run 
approximately in a north-north-east and 
south - south-west direction, they are not 
infrequently auriferous. Sometimes the gold 
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occurs segregated in small quartz veins, 


but it is often found disseminated through the 
In the auriferous portions of these 
metamorphic rocks, the grade of ore, whether 
quartz, gneiss, or schist, is usually low, though 
it may be rich in places, and the irregular 
distribution of the gold makes profitable 


rock. 


mining a matter of difficulty, though not, I 
believe, in all cases, impossible. 


in these rocks. 
It is the transition rocks which contain the 


greater part of the metalliferous wealth of 
In the south they are represented by 
the Dharwars, a well-developed series of 


India. 


conglomerates, quartzites, slates, limestones, 
and interbedded and intrusive traps. 
are usually found in steep isoclinal or synclinal 
folds that run north-north-west and south- 
south-east roughly parallel to the Malabar 
Cosat. They are always more or less meta- 
morphosed, and hornblende-, mica-, talc-, and 
chlorite-schists not infrequently occur. They 
are often auriferous, especially the more 
silicious bands associated with conglomer- 
ates, though the latter do not themselves 
contain much gold. 

The auriferous quartz is almost always 
interstratified with the other beds, and 
appears to represent original sand or gravel. 
No doubt much of the silica has been 
from time to time dissolved and rede- 
posited in a slightly different position as vein 
quartz, especially in the upper portions of the 
folds, as has been shown to be the case in the 
Bendigo Mines in Australia. But, as a whole, 
these silicious beds are, I believe, essentially 
the accumulations of primeval rivers in what 
must have been a mountainous region in those 
early days—when, for anything we know, the 
streams that rounded and transported these 
boulders, pebbles, and sand grains, as well as the 
specks of gold that came to rest amongst them, 
may have flowed at a scalding heat under a 
heavy moisture-laden atmosphere that raised 
the temperature of ebullition far above that of 
the present boiling point. 

Quartz veins filling transverse fissures also 
frequently occur, but seldom contain much 
gold. 

Copper is found in these rocks at many 
places in Peninsular India, but the deposits 
are often very local, and the ore is in most cases 
irregularly distributed. It sometimes occurs 
in small wedge-shaped masses among the 
quartzites. Ores of lead, chromium, 
molybdenum are also met with. 


and 
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Galena, the 
most common ore of lead has also been found 
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In the younger comparatively unaltered 
series, metallic ores are rare, but copper and 
lead are sometimes found, the former mainly 
in the Kadapas, and the latter in the lower 
Vindhyans and Karnuls. Gold also occasion- 
ally occurs. 

The Gondwanas and later formations of 
Peninsular India are seldom metalliferous, 
though ancient auriferous sedimentary deposits 
are not unknown amongst them. Copper has 
been found in the Deccan trap of Kathiawar, 
both in veins and disseminated through the 
rock. In the former’‘case it is associated 
with argentiferous galena. 

Having described the rocks in which the 
metallic wealth of India is found, I shall now 
give some account of the efforts that have been 
made to exploit it by Indian labour and 
European enterprise, taking each metal in its 
turn. 

COPPER. 


Few metals have been more widely mined in 
India than copper. Not only is it found in 
almost every part of Peninsular India, where 
the older rocks appear, but ancient mines 
are almost equally numerous outside the 
peninsula area. I can only refer to a few of 
the localities where work has been carried on. 

Extensive mining for copper appears to have 
taken place in former times in the Nellore 
district of the Madras Presidency. Large 
excavations are still visible as well as immense 
heaps of copper slag. In 1831 the Indian 
Copper Mining Company was formed at 
Madras to reopen these mines, but was 
apparently unsuccessful. 

In the Singhbhum district of Chutia Nagpur 
in Bengal, copper ore is disseminated through 
certain beds near the base of the transition 
series where it overlies the metamorphic rocks. 
These cupriferous strata are conformable to 
the general stratification, and were probably 
in their original condition very similar to the 
Kupferschiefer, of Saxony; occasionally the 
same metal occurs in fissure veins both in the 
transition and the metamorphic rocks, but in 
this case it is believed to be derived from the 
copper in the sedimentary deposits. These 
mines were, it is said, worked by the Jains two 
thousand yearsago. A company was formed in 
1857 to work them, expensive plant was erected, 
and Saxon miners and English smelters were 
employed, but two years later operations were 
discontinued. Another company was formed 
in 1862, but it, too, ceased work in 1864. 
Failure was attributed partly to the heavy royal- 
ties exacted by the local raja, but principally to 
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the irregular nature of the deposits which did 
not yield a continuous supply of ore.* 

At Baragunda, in the Hazaribagh district 
of the same province, old workings extend 
over an area of three-quarters of a mile in 
length, and twenty-five to thirty yards in 
hreadth. An attempt to work them was made 
by the Bengal Barragunda Copper Mining 
Company, which was formed about 1883, but 
the enterprise appears to have been finally 
abandoned in 1893. 

At Singhana and Khetri in Rajputana mines 
were long worked in the Arvali rocks. The 
ore was first roasted with cow-dung and then 
smelted with charcoal and iron slag in a 
small blast furnace with three tuyéres. 
The copper obtained amounted to 24 to 
“4 per cent. of the ore treated. In one case 
the royalty exacted by the raja amounted to 
162 per cent. of the output in addition to a fixed 
annual payment of Rs. 14,000. In the other 
it Was 25 per cent. 

In many of these localities the ore obtained 
seems to have been as a whole of very poor 
quality though rich in places, and the words 
used by Mr. Henwood, in 1855, with regard 
to a Himalayan copper mine, are applicable 
to many other ancient copper workings in 
India. ‘‘ We have never seen,’’ ran his re- 
port, ‘(a spot so scantily sprinkled with ore 
and offering, in our judgment, so small a 
prospect of improvement so extensively and 
perseveringly worked.’’ The fact that so 
much has been done in past times in India 
by primitive metallurgical methods on low 
grade ore can only be explained by the cheap- 
ness of labour and the high price of copper 
before its importation from Europe. 


LEAD. 


Lead has also been widely mined throughout 
India, but the ore is usually poor in quality, and 
operations have now been almost entirely dis- 
continued. 

The most important mines in Peninsular 
India were probably those at Jan-gam-palli in 
the Kadapa district, where argentiferous galena 
occurs, both in fissure veins and interstratified 
beds, in dark grey silicious limestone. These 
are supposed by some to represent the silver 
mines which were stated by Pliny to be worked 
in Southern India. 


* More recently prospecting shafts were sunk to mect the 
cupriferous beds at a greater depth, where they were found 
to be of a much more satisfactory character. See remarks by 
Mr. R. Gervase Elwes in the discussion on this paper, and my 


reply. 


Extensive mines were also worked at Tara- 
garh Hill, near Ajmir, in Rajputana, up to 
the time of the Indian Mutiny. The raja 
exacted a royalty of 25 per cent. of the metal 
produced and Rs. 2,000 per annum. This 
severely handicapped the industry, but it 
would in any case have been impossible to 
maintain the competition with imported lead. 


SILVER. 


Silver never occurs in India in distinctively 
silver ores in workable quantities; but much 
of the lead and copper contains a considerable 
amount of silver. In the case of lead it varies 
from a mere trace up to over a hundred ounces 
in a ton of that metal, and the proportion in 
the copper is not much less. In the Sontal 
Parganas there is a considerable amount of 
silver both in the lead and copper ores, reaching 
50 ounces per ton in the former, and 85 ounces in 
the latter; but these were the best assays. It 
is probable that in ancient times large amounts 
of silver were separated from lead and copper 
ores. 

A certain proportion of silver invariably 
occurs alloyed with Indian gold. The amount 
is usually small, but in some cases reaches 
33 per cent. 


ZINC, TIN, AND OTHER METALS. 


Zinc has only been worked at one locality: 
Jawar, in the Udepur State, Rajputana, where 
the carbonate was mined and smelted down 
to the time of the great famine of 1812-3. 

The sole locality where tin has been found 
in any considerable amount in Peninsular 
India is Nurunga, in the Hazaribagh district 
of Chutia Nagpur, where it occurs in grains 
and crystals disseminated through gneiss. 
In 1857, some workmen, thinking it was iron 
ore, smelted it in an iron furnace, and were 
much surprised when a white metal ran out 
which they thought was silver. An attempt 
was subsequently made to work it under 
European management, but the deposit occurs 
irregularly in small pockets and could not 
yleld a sufficiently continuous supply of ore for 
profitable working. 

Cobalt and nickel occur in Rajputana, where 
the former is used for colouring beads. 

Important manganese deposits are now being 
successfully mined near Vizagapatam. 

The use of antimonite (stipnite) for darken- 
ing the eyebrows and the skin round the eye 
is well known, and it is mined on a small 
scale in many localities in India for that 
purpose. 
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GOLD IN ANCIENT TIMES. 

All historical accounts of gold-mining in 
India commence with the identification of 
the southern part of the peninsula with the 
land from which the navy of Tharshish came 
every three years, bringing to Solomon gold, 
silver, ivory, apes, and peacocks. This was 
apparently not identical with the land of 
Ophir, from which the navy of Hiram brought 
gold, almug trees, and precious stones, though 
some have assumed that the latter also was 
in Southern India, the almug being identified 
with sandalwood. There is, however, some 
substantial foundation for the view that the 
land from which the peacocks came was 
India, for peacocks are not indigenous any- 
where to the west of that country, and 
the expression used in the Hebrew original 
is Zuki, an ancient Tamil word which is indis- 
putably of Dravidian origin, that is to say, it 
must have originated in one of the Dravidian 
xroup of languages which is now confined to 
Southern India, though there is evidence that 
at a remote period it extended north - west- 
wards to Baluchistan, or even further in that 
direction. 

However this may be, there can be but 
little doubt that the auriferous wealth of 
India was worked long before the time of 
Solomon. At first, no doubt, only the gold- 
bearing river sand, which occurs so widely in the 
area occupied by the older rocks of India was 
searched and washed for gold. Then the metal 
would be detected in the quartz reefs exposed 
at the surface or standing out above the level 
of the ground. Rich fragments were broken 
off and crushed to extract the gold, and then 
as skill increased, and more effective appliances 
became available, the reef would be followed 
downwards into the earth. 

The first definite information we have of the 
Indian gold mines is in the pages of Pliny, 
who refers to the wide-spread gold workings 
by the Nareze, who are supposed to be the 
Nairs of the Malabar Coast. The recent dis- 
covery of numerous Roman silver coins of the 
first three Emperors at Yesvantpur, near 
Bangalore, would seem to point to an exchange 
of Roman silver—derived no doubt from mines 
in Spain, Dacia, and Greece (Laurium)—for 
South-Indian gold. 

The modern development of the Kolar gold- 
field has demonstrated the labour, skill, and 
organisation that was applied to them in ancient 
times. In many places the excavations reached 
a depth of between 200 and 300 feet, and 
at some points the latter depth was even 
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exceeded, and I understand that ina mine near 
Ajampur, in the Tarikere Taluk of the Kadur 
District, the bottom of the old workings has not 
been reached even at a depth of nearly 400 feet. 
In the latter case the mine was at the top of a 
steep descent, and there was probably but 
little difficulty in maintaining the workings 
clear of water, but the upper strata in the Kolar 
goldfield are very wet, and require the use of 
expensive pumping machinery to keep the 
water under control. It seems extraordinary 
that these ancient workers should have suc- 
ceeded in dealing with so much water with 
their imperfect appliances. It has, however, 
been suggested (Mining Journal, 1884, P. 
1025) that at the time when the deeper excava- 
tions were made the courses of the streams 
had not yet been obstructed by the dams of the 
numerous tanks which exist at the present 
day. Much of the water, which is pounded 
back by the dams and collects in the tanks 
and the surrounding soil and subsoil, musi 
find its way down into the rocks and seri- 
ously increase the inflow of water into the 
mines. 

The ancient method of working the mines in 
Mysore appears from the observations of Mr. 
Bosworth Smith, which are detailed in his 
report in 1889 to the Government of Madras 
on ‘‘The Kolar Goldfield and its Southern 
Extension,” to have been as follows :—Two 
shafts were sunk upon the lode not far 
apart, and if the rock proved sufficiently 
rich to work they were connected underground 
by a short drive or passage. By this means a 
through draught was obtained when fires were 
lighted to shatter the rock ; for this was the 
universal method of mining in hard rock 
before the use of explosives. If necessary, 
water was thrown on while the rock was still 
hot. Accumulations of charcoal are found in 
the old works, and in some places the rocks 
are still black from the smoke; while few, if 
any, tool marks are to be seen. _ 

In the wetter shafts innumerable broken 
fragments of cha/tes (carthenware pots) have 
been found, and this is believed to indicate 
that the mine was kept dry by a system, which 
was still in use in India in comparatively 
recent days. A succession of men or women 
(more probably the latter) were stationed in 
each shaft. The niches were they stood can 
sometimes still be seen. Down one shaft a con- 
tinuous stream of empty chatties were passed 
from hand to hand to the level of the water, 
where they were filled and then handed up the 
other shaft in the same manner. | 
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By these means the work was gradually 
carried to a greater depth until it was no 
longer possible to keep the mine suff- 
ciently dry for the fires. No doubt the last 
step was to remove the rock between the 
two shafts if it were worth working. There 
seems to have been no hurried departure under 
stress of flood or other calamity for few valu- 
able tools were left behind. In fact, only 
three appear to have been found, a broken 
iron drill or jumper, a kind of bent iron spear, 
with a hollow shaft for the insertion of a 
wooden handle (this appears to have been 
used for displacing rock fragments when 
loosened by fire), and a heavy iron hammer 
with a blunted point, that could also be used 
as a pick. Remains of old timbering* have 
also been met with as well as the axle of a 
windlass. Pottery has been found covered 
with a film of gold. In one instance the 
coating of gold occurred in the interior of a 
wide-mouthed vessel which is supposed to 
have been used as a retort for driving off 
mercury from amalgam.t In another case 
where the gold occurs on the chipped 
surface of black pottery it was pro- 
bably reduced from solution by the carbon- 
aceous matter in the clay. 

On some of the gently-rounded surfaces of 
gneiss which are exposed to the east of the 
field may be seen innumerable basin-like 
cavities which were formerly used for grind- 
ing the quartz sufficiently fine to be washed 
for gold. A member of the staff of the 
Geological Department of Mysore was fortu- 
nate enough to find one of the rounded 
mullers or grinding-stones which had been 
shaped so as to be conveniently held in the 
hand when pulverising the quartz in the 
cavities. 

Extensive old workings are found in many 
other parts of Mysore, on all the auri- 
ferous tracts that traverse the country from 
north to south. There are also many ancient 
mines in the Wynaad where the work appears 
to have been carried out in some localities by 
adits, in others by vertical shafts, and occa- 
sionally by inclined shafts following the under- 
he of the reefs. Similar traces of old mines 
have been observed in the Dharwar rocks of 
Bellary and Haidarabad (Deccan) and other 
places in Southern India. It is possible that 
many of the oldest workings are now entirely 
concealed under surface deposits. 


° Many of the upright pieces were forked to sustain cross 
or “ cap ” pieces. 
+ Sec reply to discussion. 
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The wealth of the South Indian temples in 
the 11th and succeeding centuries, and the 
enormous booty subsequently obtained by 
Mohammedan conquerors are believed to testify 
to the continued prosperity of the gold-mining 
industry in the southern part of the peninsula 
during the Middle Ages. It is said that 
when the Persian ambassador visited the 
south of India in 1441, he was shewn a 
raja’s treasure-house, in which were excava- 
tions, each filled with a single mass of gold, 
which had been poured in when in a molten 
state. Reports of these riches were no 
doubt one of the chief inducements which 
led the Mohammedans to invade the south. 
But it is probable that long before this period 
the Mysore mines in their richest portions 
had already reached the greatest depth at 
which work was possible with the simple means 
then available, and that further systematic 
mining had been abandoned; though in the 
upper portions of the old mines desultory work 
was still carried out on the poorer portions of 
the reef which had been disregarded by the 
old miners, and loose blocks of quartz that 
they had left behind. 

Towards the end of the 18th century, Tipu 
Sultan turned his attention to the gold mines, 
but he does not appear to have ever re-opened 
the deeper levels, which were by this time com- 
pletely forgotten, and his efforts were confined 
to the search for auriferous quartz among the 
débrzs filling the shallower portion of the old 
mines, or the working of the less productive 
reefs that his predecessors had neglected 
Under these circumstances it is not surprising 
that his gold-mining enterprise was not con- 
spicuously successful. After his death the 
villagers continued to search for gold in the old 
workings on the Kolar goldfield, but did not, it 
is believed, reach a depth of more than 60 or 
70 feet, and the occurrence of a fatal accident 
caused the British Chief Commissioner, Sir 
Mark Cubbon, to prohibit mining even at 
this depth, and all work seems to have been 
stopped, except washing the sand at the 
surface, till the introduction of European 
methods. 

While it is only in South India that system- 
atic gold mining appears to have been carried 
on an extensive scale by the people of India, 
yet in many places throughout the length and 
breadth of the land auriferous streams have 
yielded and still yield their little dues of gold 
to the patient labour of humble workers, who 
are known as jhoras, dhoras, dokras, or toras 
in the north, and jalgars in the south; some- 


February 1, 1901.) 


JOURNAL OF THE SOCIETY OF ARTS. 


159 


times they are more ambitious and attack the 
consolidated alluvium of former days, sinking 
small shafts to the pay dirt, but doing little in 
the way of driving galleries for fear of accidents 
from falls of ground, which have sometimes 
occurred. 

The number of these gold washers must be 
very large. It is true that comparatively few 
appear in the census returns under that head- 
ing, but it must be remembered that many, 
perhaps the majority, are women, and the 
men have usually other occupations when the 
season is not suitable for the work, though 
there are, it is true, a few that wash in the hills 
in the rainy season and in the dry weather 
migrate to the well-watered low country. But 
all who had other means of livelihood would 
instinctively do their best to put that forward 
as their sole occupation and conceal the fact 
that they added to their earnings in a manner 
which would in former days have excited the 
cupidity of the powers above them. For the 
same reason I am inclined to believe that 
their gains have been much larger than they 
have been willing to admit, and that they take 
care not to be too successful when working in 
the presence of strangers. 

These alluvial deposits have been worked 
for many thousands of years, and were no 
doubt at first far richer than at present. 
The total amount of gold that has been 
obtained from alluvial and quartz mining 
together before the introduction of European 
methods must have been enormous. What 
has become of it all? Some has no doubt 
been carried away by Persian, Afghan, and 
Mongolian conquerors, or exported in the 
course of commercial exchange to Assyria, 
Palestine, Egypt, or Rome, but only a small 
proportion can be thus accounted for; while 
during the 19th century, and probably for 
several centuries before, the importation of gold 
into India in exchange for the products of its 
soil has far exceeded the exports. 

The true solution of the difficulty must be 
found in the habit of hoarding and concealing 
treasure which has become engrained in the 
Indian character in consequence of the long 
continued insecurity of visible wealth when 
nothing was sacred from the avarice of kings 
or their ministers, or the ravage of marauders. 
Each man buried his accumulated wealth and 
deferred imparting the knowledge of the place 
to his prospective heirs as long as was possible, 
so that he often died with the secret still untold. 
And if, after centuries had passed, the hidden 
treasure was revealed to some fortunate dis- 


coverer, he too rejoiced over the prize in secret, 
and at his death it might become ownerless 
once more. The Temples, too, have their 
accumulations of wealth, though less mag- 
nificent than before India had experienced the 
“ blessings ’’ of Mohammedan rule. 


THE AURIFEROUS TRACTS OF MYSORE. 


Mr. Bruce Foote, who visited Mysore in 
1882 and 1887, and was afterwards State 
Geologist in that State, has distinguished four 
auriferous tracts, running roughly north-north- 
west and south-south-east, as the Eastern, 
Central, West Central, and Western. 

The Eastern or Kolar tract is situate in the 
extreme east of the State. It is bounded on 
either side by massive granitoid gneiss, which 
in one or two places breaks its continuity. It 
is occasionally, especially in the northern 
portion of its course, covered by low hills of 
laterite. Near Mulbagal it changes its direc- 
tion from south by east to south-west, but soon 
resumes its original course and passing west of 
Betmangala continues in a straight line as far 
as Yerrakonda Hill on the southern frontier of 
Mysore. Here it divides, one branch being 
directed to the south-east, and the other nearly 
due south. The latter divides again, one 
branch running southward and the other to 
the south-west. 

Until recently the only portion of the field 
where mining had been carried on was that 
between the Bowringpet-Betmangala road and 
the southern boundary of Mysore. Here the 
schistose rocks appear at first sight to form an 
unsymmetrical synclinal, four miles across. On 
the east the beds dip westward. The hornblende 
schists which form the lowest portions are 
overlaid by siliceous beds which are well seen 
near the village of Urigam. These in some 
places contain large pebbles of biotite gneiss 
and quartzose schist which are sheared and 
distorted by earth movements. 

Above lie a great thickness of hornblende 
schists, in which more siliceous beds are some- 
times intercalated. Usually these retain the 
dark appearance of the schists, and it is only on 
close examination that quartz is seen to be pre- 
dominant, but at some points bluish quartz of 
much lighter colour occurs, interstratified with 
the schists, but more or less distinctly marked 
off from them. Itis seldom continuous for 
any great distance, and if auriferous the richer 
portion may be still more limited in extent. 
When this is followed downwards it is 
found to have an inclination or pitch of 
its own in the direction of the strike, as 


166 


JOURNAL OF THE SOCIETY OF ARTS. 


[Febuary 1, 1901. 


well as the dip or underlie that it shares 
with the schists. Such an occurrence of quartz 
is known as a shoot, or chute, and on the 
Kolar goldfield the chutes in the majority of 
cases incline downwards to the north, but, at 
the same time, like the schists, they have an 
‘underlie ” to the west. They conform to all 
the undulations of the schists, and must be 
regarded rather as interstratified deposits than 
the infilling of fissure veins, though, no doubt, 
as already suggested, there has been a certain 
amount of redistribution of the quartz and 
gold through a process of gradual solu- 
tion and redeposition by underground water. 
At some points thin bands of chlorite schist 
parallel to the general stratification are inter- 
bedded with the quartz, a circumstance that 
supports the view that the chutes were origin- 
ally formed by sedimentation, however much 
they may have since been modified. The gold 
also tends to occur in places parallel to the 
bedding of the schists. These chutes have 
been subjected to the same forces and agencies 
of alteration, and have experienced the same 
movements as the schists. Like them and 
like the pebbles in the eastern conglomerate 
they have been squeezed and sheered, and 
bear evidence of this in their microscopic 
characters. 

A succession of chutes of this character 
constitutes what is known as the Champion 
Lode or Reef. The most southerly point at 
which it is distinctly recognised is in the 
Mysore mine. Many attempts have been 
made to find what becomes of it immediately 
to the southward, but without success. It 
passes northwards through the blocks be- 
longing to the Mysore, Champion Reef, 
Ooregum and Nundydroog companies. It is 
repeatedly thrown in to small folds, the axes of 
which always dip towards the north at a low 
angle. In one case in Champion Reef minea 
cross-cut might penetrate the reef three times. 
The total length of the chutes amounts to 
nearly a mile and a half in a distance of about 
three miles. The longest exceed a thousand 
feet. Occasionally the reef appears to divide 
into two branches at no great distance apart. 
In Ooregum mine, another promising reef is 
found in the deep levels a few feet to the east- 
wards of the main reef. In Nundydroog mine 
the Champion lode suddenly fails, but another 
reef of auriferous quartz appears to the east- 
ward and passes into Tank block (Mysore 
Wynaad and Mysore West), where it forms an 
anticlinal rounded in some places, and sharp 
in others. 


It appears to be the same as a lode ! 
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in the south of Coromandel mine, where it is 
poor in gold. It might be convenient to refer 
to it as the Nundydroog-Coromandel lode. 
Another reef or combination of reefs occurs 
further west in the same mine, and passes on 
into Balaghat. It may be called the Coro- 
mandel-Balaghat lode. In Balaghat two other 
reefs also occur. The Main reef on the west, 
and the Old or Balaghat reef on the east. 
These two pass on into the Nine Reefs properly, 
and the latter still further into Road Block, 
where a reef which has been identified with the 
Champion lode is also found. 

The question now arises what is the relation 
between these various reefs in the north of the 
Field and the Champion lode ? They are often 
assumed to be branches of it, but the evidence 
pointsin another direction. It seems more pro- 
bable that the same causes that produced the 
comparatively simple folds in the Mysore, Cham- 
pion Reef and Ooregum mines, and the south of 
Nundydroog, have further north operated 
much more strongly, causing sharp folds and 
dislocations of the strata that have repeated 
the same beds again and again, while the 
whole has been squeezed and drawn out in 
various degrees at different points, so that the 
quartz and gold are more irregularly dis- 
tributed than they are to the south. 

About 2,500 feet to the westward of the 
reefs I have just described, is the Oriental or 
black lode. It is less distinctly marked off on 
either side from the ‘‘ country,” that is to say, 
the schists. The quartz appears nearly black 
and contains a large amcunt of sulphides. This 
reef extends more or less continuously for a 
long distance, and is always auriferous, but it 
is only in West Balaghat, Nine Reefs and 
Road Block that it has shown much promise 
of success. In Road Block it is accompanied 
by another reef, McTaggart’s lode, on the east. 

There are numerous other reefs interstratified 
with the schists. Nearly all contain gold, but 
so far as is known none of them are sufficiently 
rich to repay the cost of working. 

The westerly dip continues till the western 
granite is approached, when the rocks become 
vertical, and then dip towards the east. A 
thick series of finely-laminated ferruginous 
quartz schists, which have been highly con- 
torted by ancient earth movements, form a 
lofty north and south ridge on the west of the 
goldfield. They are usually more or less auri- 
ferous, but not sufficiently so to be worth 
working, at least at present. They appear to 
be sedimentary in origin, but no distinct indi- 
cation of the presence of pebbles can be 
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observed. Beneath these are hornblende, mica, 
and chlorite schists, which have the appearance 
of resting on the granitoid gneiss. 

Though the apparent structure of this field is 
that of a synclinal, its real nature is probably 
much less simple, and its present characters are 
no doubt the result of complicated folds and 
repeated faulting. 

It is at present impossible to say whether. 
the differences in the texture of the rocks 
are due to varying degress of metamor- 
phism in rocks of approximately the same age, 
or whether there are two distinct formations, of 
which that on the west is much the older. 
Some of the pebbles in the eastern rocks re- 
semble the more siliceous portions of the centre 
and west of the field. 

Another question which arises is as to the 
age of the granitoid gneiss ; whether as origin- 
ally suggested by Captain Newbold it is really 
a granite younger than the Dharwar rocks,or, as 
supposed by most later observers, the latter were 
unconformably laid down upon it. I am myself 
strongly inclined to support the former view, 
for it is a remarkable fact that none of the 
pebbles in the conglomerate resemble the 
massive gneiss that is now found so close to it. 

The goldfield is traversed throughout by 
numerous dykes of comparatively unaltered 
rock, usually a dolerite or diorite, but occa- 
sionally coarse granite veins are met with. In 
Nundydroog and Coromandel mines curious 
pale green cross-courses occur resembling a de- 
composed basic rock. They are highly auri- 
ferous near the junction with the auriferous 
reefs. 

I may add that Mr. W. F. Smeeth, who has 
succeeded me on my retirement on medical 
certificate, is arranging for a detailed survey 
of the Kolar goldfield. 

The Central auriferous tract forms a hilly 
region which emerges from under the Deccan 
trap north-west of Gadag, enters the Mysore 
State near Chitaldrug, and continues southward 
east of Huliyar and Tiptur. It then appears 
to divide into two branches—one passing by 
Kunigal and Closepet and leaving the State to 
the east of the Kaveri falls at Sivasamudra, 
while the other passing between Mandya and 
Seringapatam continues on past Mysore and 
Nanjangud, and south of the latter forms the 
goldfield of Ulagiri (Woolagiri) and Amble 
(Umblay) where a series of trial pits have been 
sunk. The Central tract is on the whole more 
altered than the Eastern. I have never seen 
conglomerates among its beds though I am told 
they occur near Chitaldrug. 


JOURNAL OF THE SOCIETY OF ARTS. 


r6r 


A few trial sinkings have been carried out 
on this branch a little to the north of the River 
Kaveri. In one place that I visited, near 
Seringapatam, the gold occurs in small quartz 
veins. In another locality, near Bannur, it is 
found disseminated through what appears to 
be a decomposed igneous rock. 

The West Central tract is represented by a 
few scattered patches in the gneiss. These 
extend from a point east of Banavar, past 
Kempinkote, and thence southwards to the 
east of Hunsur. i 

It is doubtful whether these rocks ought to 
be referred to the transition or metamorphic 
series. I am inclined to place them in the 
latter. The auriferous rock at Kempinkote is 
an irregularly bounded mass of quartz 
plagioclose hornblende granulite, but whether 
it represents a crushed quartz diorite or 
is an altered sedimentary rock I am not 
now prepared to say. The only places 
where serious mining has been attempted 
are at Yellavai, near Harnhalli and Kemp- 
inkote, in both cases without success. 

The Western auriferous tract passes out from 
under the Deccan trap near Belgaum, and 
continues east of Bellary to Harihar, on the 
northern limits of Mysore, it there expands 
into an irregularly ramifying area in the west 
of the State, extending from Mallebennur and 
Nyamti, near Honnali in the north, to Chik- 
maglur in the south, while a small band 
stretches still further to the south to a point 
just east of Narsipur. 

The sedimentary origin of the rocks is easily : 
seen. Huge masses of conglomerate, that can 
only be compared with the coarsest con- 
glomerates in the old Red Sandstone of 
Scotland, are associated with quartzites that 
appear to represent primzval sandstones. It 
is mainly in these quartzites that the gold is 
found. The chief localities where mining has 
been carried on are Nyamti (Honnali), Honna- - 
hatti, and Ajampur. 


THE RISE AND PROGRESS OF EUROPEAN. 
MINING IN MYSORE. 


From the time of the British occupation 
of the country after the defeat and death of 
Tipu Sultan, proposals were made from time 
to time to test the value of the auriferous 
rocks of Mysore. The first to report on the 
matter was Lieutenant John Warren, of 
H.M. 33rd Regiment, who visited Urigam 
and Marikuppam in February, 1802, and 
who appears to have been a careful and in- 
telligent observer. He has described in 
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detail the. methods of working. He descended 
several mines which were then in operation. 
The greatest depth was 35 feet. They were 
apparently excavated in the débris filling 
the old workings; slips of ground were very 
frequent, and rendered the mining dangerous. 
When he had the quartz brought up and ground 
and washed in his presence, the miners did 
not trouble to select the material so carefully 
as when working for themselves, and the 
results were consequently poor. 

The credit of having laid the foundation- 
stone of modern Indian gold mining must how- 
ever be givento Mr. Michael T. Lavelle, an Irish 
soldier, who had done good service in the 
Mutiny. In his early days he had attended 
a course of instruction in mineralogy at Gal- 
way College, and when he left the army he 
gave himself up to the work of prospecting 
for mineral wealth in India. With compara- 
tively small funds and few appliances he 
tramped across the country in all directions, 
washing the sand and gravel.of the streams, 
breaking and examining the rocks of the hills 
and carefully investigating every trace of 
mineral wealth that he met with. He carried 
no tents but slept in the village rest-houses 
and lived on native fare. 

It was, I believe, in 187r that he com- 
menced work on what is now known as the 
Kolar goldfield, and was then a wind-swept 
wilderness of scrub and rock, whose only 
attraction was the game it harboured. He 
sank a pit 18 feet deep, and was apparently 
satisfied with the results, though he kept them 
to himself. Two years later he applied to 
the Deputy - Commissioner of the Kolar 
district for a mining concession. His 
letter was cautiously worded so as to give 
the impression that the main object for which 
he was working was coal, though he did not 
omit to refer to the presence of gold. After 
consulting with the Government of India, the 
Chief Commissioner proposed that the con- 
cession should be for twenty years, that it 
should not include gold, silver, or precious 
stones, and that the royalty should, as sug- 
gested by Mr. J.avelle, be 74 per cent. of the 
output or 10 per cent. if the mine paid over 
10 per cent. on the outlay. The applicant 
naturally objected to the exclusion of the more 
valuable mineral products, and ultimately after 
further negotiation an understanding was come 
to in September 1874, by which the right to 
mine for all mineral products for 20 years was 
conceded, the royalty being fixed at 10 per 
cent. of the output for gold and other minerals, 


and 20 per cent. for precious stones. On the 
22nd of February, 1875, an agreement for 
leases upon these terms of 20 square miles 
in any part of the Kolar district was finally 
executed, and on the 1st of March Mr. 
Lavelle arrived at the little village of Urigam 
with his son and two assistants to commence 
work. 

He decided to sink two pits, one near the 
village on the site of the present Ooregum mine, 
and the other a mile-and-a-half to the south, 
near Marikuppam, where the Mysore mine isnow 
situated ; but he could only get labour for the 
first, and that with difficulty, probably because 
two men had once been killed when mining at 
this spot. He was delayed for some time by 
the looseness of the ground, and the water 
with which the old workings were filled. He 
procured professional Indian well-sinkers and 
pumps from Madras, and at last reached 
what he believed to be the reef. It was 
a narrow vein or leader of quartz, which 
the ancient miners had apparently not 
considered sufficiently important to touch, 
though it assayed 1 oz. 12 dwts. of gold to 
the ton. But so great was the influx of water 
that it was only with the greatest difficulty 
that it was kept down sufficiently to enable the 
quartz to be reached, and Mr. Lavelle thought 
this was sufficient to demonstrate that his 
predecessors could never have reached the 
reef itself. He also contended that even if 
they had reached it their appliances would not 
have enabled them to crush it, and that all 
they could deal with were small leaders that 
could be easily crushed on a block of stone. 
Already we meet with the under-estimate of the 
resources of the men of old which was at the 
bottom of all the ill success of the early mining 
on this field. 

Early in 1877, Mr. Lavelle transferred his 
concession to a local syndicate ‘‘ The Kolar 
Concessionaires,’’ which included General 
(then Colonel) Beresford and others interested 
in the enterprise. The royalty on gold was 
reduced to § per cent., and the term increased 
from twenty to thirty years. Ultimately, in 
1880, the Ooregum Gold Mining Company was 
formed to take over the block where Mr. 
Lavelle had commenced operations, and con- 
tinue the search for gold. 

A few months later the Mysore Gold Mining 
Company came into existence and started 
mining on another block to the southward, 
forming part of the same concession. Work 
was commenced in September under Cap- 
tain Rogers. In his first report on the 4th 
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of October, he states that he has commenced 
three shafts, one of which, on the Champion 
lode, had reached a depth of twelve feet. He 
anticipated that he would strike the lode at a 
depth of thirty or forty feet more. In the 
meantime he was employing women to collect 
loose blocks of quartz upon the surface to 
await the arrival of machinery. 

Meantime at Ooregum they had sunk 68 feet, 
and in the opinion of Mr. Bray, the super- 
intendent, the old miners had only worked 
down to a depth of 70 or 80 feet. 

The Nundydroog Gold Mining Company was 
next formed to take over a block to the north 
of that of the Ooregum Company, with the hope 
of reaching the same reef at a similar depth. 

None of the companies, however, succeeded 
in finding any considerable quantity of payable 
quartz at the moderate depth they had 
anticipated. Great difficulty was experienced 
in sinking shafts in the old workings, and 
endeavours were made by drives and crosscuts 
to find the lode, but without success. In 
November, 1882, Taylor’s shaft in the Mysore 
mine had been sunk 130 feet, but had not 
reached the bottom of the old workings. Some 
auriferous quartz had been left by the old 
miners, but the company was advised by 
Mr. Bell Davies not to ‘‘ attempt to make the 
mine pay with what could be got from shallow 
depths, which had already been denuded by 
the ancients.’’ It was, therefore, decided to 
sink still further; for this, new pumping and 
winding machinery were required, as the com- 
pany had not originally contemplated sinking 
more than 150 feet. 

Early in 1883, Nundydroog stopped for 
want of funds. Ooregum soon after took 
the same course. Mysore continued at work till, 
in September 1883, a depth of 173 feet had 
been reached, but not the end of the old mines. 
At the bottom of Taylor’s shaft was a reef of 
hard compact quartz, which contained but 
little gold; and a report was received which 
stated that there was ‘‘hard rock at nearly 
all the lowest depths,” ‘‘so unkindly as to be 
fatal to the continuity of the quartz veins,” 
and threw ‘‘ grave doubts upon their being 
true fissure veins.’ These doubts were, in 
my opinion, quite justified, for, as I have 
said, I believe the quartz to be more of 
the nature of a interstratified siliceous 
bed. Such a rock may, as we now know, 
be highly auriferous, but the contrary 
opinion then prevailed, and it was considered 
that only a true fissure vein could yield 
payable gold. 
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A meeting was called of the shareholders, 
and after considerable discussion it was 
decided, on the advice of Mr. Bell Davies, 
Capt. Plummer, and Mr. John Taylor, to spend 
the sum of £18,000 that yet remained in sinking 
still further, and Capt. Plummer was sent out 
to take over charge of the mine. He devoted 
his chief attention to sinking Taylor’s shaft, 
but did some driving in both the east and west 
branches of the lode, which is there divided into 
two for a short distance. In one of his reports 
he mentioned the fact that gold was found at all 
the ends of the mine, which provoked a sarcastic 
inquiry from the Editor of Zru¢hk as to how 
there could be mcre than two ends to anything, 
and the suggestion that the only object. of 
such reports was to extract more money from 
the public ! 

For some time the lode in Taylor’s shaft 
continued as poor as ever. According to some 
the shares fell to half-a-crown, eighteenpence, 
or even tenpence, but I cannot find any quota- 
tion at less than 3s. 9d. In March, 1884, the 
quartz only assayed 5 dwts., in April it had cor.- 
tracted to g inches in width, with bad assays, 
but on the 6th of May it reached 7dwts., and 
on the 13th there was a strong lode giving 
19 dwts. The lode continued to improve till a 
depth of about 43 feet below the 173 feet level 
was reached early in August, with a 2 feet lode 
of quartz, assaying about 2 ounces. Then 
“ an extraordinary unlooked for circumstance ”’ 
occurred. They ‘‘broke through from the bot- 
tom of the shaft into the old men’s workings.”’ 
These were full of water, which very quickly 
filled the shaft almost up to the 173 feet level, 
and took nearly twenty-four hours to pump out. 
On further examination a portion of the lode, 
24 feet thick, was found to have been left by 
the old miners, and assayed over 2 ounces. On 
clearing away the deads or débris from the old 
workings, they were found to extend a distance 
of 57 feet along the reef. The bottom of the old 
works was reached about the 2oth of October, 
56 feet below the 173 feet level, and 229 feet 
below the surface. The last few feet the ancient 
miners had ‘‘ gone down in a very small hole,”’ 
but the ore they followed was very rich. 

There is no need to give further details 
of the working of the mine. Its success was 
assured. The value of the gold produced in 
1884 was £4,430, in 1885 £23,989, in 1889 
£193,535, in 1896 £425,586, and in 1899 


£606,947. The mine has now reached a 
depth of 2,220 feet measured along the 
underlie. 


Nundydroog and Ooregum soon recom- 
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menced work. The former achieved success 
in 1887, when it produced gold worth £5,738, 
and the latter in the following year. Subse- 
quently Champion Reef mine was started on 
the northern portion of the Mysore mine, and 
proved a conspicuous success. These four 
mines have taken rank among the most pros- 
perous gold mines in the world, and it is from 
them that almost the entire output of gold in 
Mysore has hitherto come. 

The following Table shows the value of the 
gold produced in Mysore from the commence- 
ment of European gold mining :— 


1882 .. = 38 1891 .. Perry 
1883 .. 96 1892 .. 622,159 
1884 .. 4,430 1893 «. 784,842 
1885 .. 23,989 1894 .. 795,876 
1886 .. 63,027 1895 .. 973,610 
1887 .. 57,028 1896 .. 1,228,806 
1888 .. 128,879 1897 .. 1,487,140 
1889 .. 298,861 1898 .. 1,575,966 
1890 .. 409,526 1899 .. 1,678,090 


Making a total of £10,636,687 

The total amount of capital invested in gold 
mines in Mysore up to the end of 1898 was 
42,526,632, and the total dividends paid in 
that year amounted to £739,114. 

These and other statistics are partly derived 
from the last report of Mr. Smeeth, the present 
Chief Inspector of Mines in Mysore, and 
partly from particulars kindly supplied to me by 
Messrs. John Taylor and Sons, under whose 
management most of the mines are carried on. 

An industrial centre with a population of 
nearly 40,000 persons has arisen in the bleak 
undulating plateau. An irregular line of lofty 
chimneys and head gear, square-built bunga- 
lows and rows of cottages and huts extend 
for miles along the outcrop. Places of wor- 
ship and recreation play their part. A 
leisurely railway whose trains spend most of 
their time in shunting mining stores at the 
frequent stations runs the length of the field. 
Electric lights are being installed in the 
landings of the mines, and arrangements are 
now being made to turn the gravitational 
energy of the Kaveri falls into electricity, and 
conduct it by a copper cable over the ninety 
miles that separate them from the field. 

Advances have also been made in the metal- 
lurgical processes. The inefficientand expensive 
Wheeler’s pans have given place to the cyanide 
process for the treatment of tailings, while the 
Nunydroog and Mysore mines have taken the 
lead in bringing their milling plant up to date. 

None of the mines to the north or south of 
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those that I have mentioned has yet proved a 
decided success, but on the north, Balaghat, 
which has often promised so well, again shows 
satisfactory prospects, and there are great possi- 
bilities in this part of the field, though it suffers 
from the irregular distribution of its riches. 
Beyond the Bowringpet- Betmangala road several 
recently formed companies are endeavouring to 
ascertain the value of the northern extension 
of the field. To the south there has been a 
continuous record of complete failure, except at 
Kangundi, in the Madras territory, where there 
are still hopes that the Mysore Reefs Company 
may eventually succeed. 

In his recent tour to the south of India, the 
Viceroy, Lord Curzon, visited the Kolar gold- 
field, and paid a deserved tribute to the enter- 
prise by which ‘‘what was once a barren, 
rocky tract’’ has been ‘‘ converted into a busy 
centre of industry.”’ 

Nothing is more remarkable than the care 
with which the companies look after the well- 
being of those they send out from home— 
good house accommodation, means of re- 
creation, the best medical advice — are all 
provided; and periodical furlough, with free 
passages, is liberally granted. 

Elsewhere in Mysore no mine has yet been 
able to reach the dividend-paying stage. Mr. 
Bullen’s energy and Mr. Stromeyer’s science 
were spent in vain at Kempinkote, in spite of 
the great size of the ancient workings. The 
same ill fortune has hitherto attended all 
attempts at Nyamti (Honnali), Honnahatti, 
Honnagudda and Yellavai (Harnhalli). Work 
is still, I believe, proceeding at Ajampur, and 
some of the other localities just referred to 
deserve further attention. 

As already mentioned, prospecting shafts 
have been sunk at Ulagiri (Woolagiri) and 
Amble (Umblay), and it is proposed that the 
Kempinkote Company, which has recently been 
attempting—without success—to find the 
Champion lode to the south-west of the Mysore 
mine, shall commence work on the ‘ South 
Umblay ” block. 


GOLD MINING IN THE WYNAAD. 


The geological structures of the Wynaad has 
been described by Dr. William King, late 
Director of the Geological Survey of India, and 
more recently by Mr. Hayden, of the same 
Survey. The rocks in which the auriferous 
quartz is met with belong to the Upper Meta- 
morphic series, consisting of fissile, highly 
quartzose, biotite, and hornblende gneisses, 
The strike of the beds and the foliation run 
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about west-south-west and éast-north-east ; 
while the direction of the quartz lodes is north- 
north-west and south - south - cast —- approxi- 
an ately at right angles. 

The mode of occurrence of the auriferous 
quartz in this district differs, therefore, con- 
siderably from that in Mysore and most other 
parts of India, where it is interstratified with 
the other beds. The lodes in the Wynaad are 
in all probability true fissure veins. 

The first attempt to work the Wynaad gold- 
field on European lines was made in 1874, 
when through the efforts of some of the planters 
and other residents who had had experience 
in Australia, a sum of ten thousand pounds 
was raised, and the Alpha Gold Mining Com- 
pany was formed to work the Skull Reef. 
It had long since been mined by the native 
miners on the under or foot well side. The reef 
was carefully examined in 1875 by Dr. King, 
and he obtained by simply crushing and 
washing the quartz an average of 11 dwts. of 
gold. The metallurgical plant which had 
been purchased secondhand in Australia 
arrived shortly afterwards. It consisted of a 
steam-engine, fifteen stamps and grinding- 
pans for the tailings. It was soon set to 
work, but failed to yield more than 2} dwts. 
per ton, but a considerable amount of gold 
remained in the tailings, even after treat- 
ment in the pans. This must be attributed 
to defective machinery, want of experience in 
working, and the large proportion of pyrites 
in the rock, which floured the mercury in the 
pans. 

Two other companies were subsequently 
started—the Wynaad Prospecting Company 
and the Prince of Wales’s Reef Tribute Com- 
pany—which appear to have worked on the 
same reef. But by 1878 all work had been 
suspended for want of funds. In February 
of that year the mines were visited by Sir 
Andrew Clarke, Public Works Member of the 
Viceregal Council. He formed a favourable 
opinion of them, and with the sanction: of 
the Viceroy, invited Mr. Brough Smyth, the 
Victorian mining engineer, to test the cap- 
abilities of the district. 

Mr. Brough Smyth accordingly visited the 
Wynaad, and after a few months’ work was 
able to report in November, 1878, that in an 
area measuring 25 miles by 13 miles he had 
found go outcrops of ore reef with a thickness 
of 2 feet to 4 feet, and yielding from a few 
pennyweights to 200 ounces per ton. He 
believed that with capital and good manage- 
ment a very large industry would be assured. 
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The contents of this report excited the 
greatest interest both in India and at home. 
Many went so far as to make conjectures as to 
what would be the result upon exchange of 
a large output of gold. Every owner of a coffee 
estate in the Wynaad made arrangements to 
start gold mining or at least to advertise the 
value of his property with the view of selling 
it to a company. A well-known firm of 
metallurgists added to the excitement by 
writing to Zhe imes to announce that they 
had examined 55 samples from the Alpha 
Gold Mining Company, and after excluding 
25 of the richest found that the remainder 
yielded 18 to 816 ounces per ton. 

But for some reason the general public were 
not yet prepared to support the movement, and 
for the space of about a year no further im- 
portant steps were taken. The South Indian 
Gold Mining Company was launched in the 
spring of 1880, but only one-third of the shares 
were subscribed by the public, the remainder 
being taken up by the promoters themselves. 
Yet the shares soon rose to a premium on 
favourable telegrams from the mine - super- 
intendent, and -when the Indian Glenrock 
Gold Mining Company was formed shortly 
afterwards under the same management the 
shares were applied for more than ten times 
over. Other companies followed. In each 
case the land to be acquired was believed to be 
extraordinarily rich in gold. ‘‘ We have only 
one difficulty,” remarked the Chairman of the 
South-East Wynaad Estates and Gold Mining 
Company at the first meeting, ‘‘ and that is, 
all the reefs are equally auriferous and promis- 
ing, and we hardly know which to begin with.’ ’ 

In September five of the principal companies 
with a subscribed capital of £537,000, had a 
market value of £853,750. But there were 
some who were not satisfied with this, for a 
shareholder of the Glenrock Company wrote to 
the Mining Fournal maintaining that the 
property of that company, which had a capital 
of £100,000, was really worth £7,800,000. 

About this time an interesting and ingenuous 
pamphlet on ‘‘ Gold in India—Past and Pre- 
sent,” was brought out by Mr. Jeremiah Ryan, 
a planter in the Wynaad, who is perhaps the 
same person as Mr. J. W. Ryan on whose land 
old gold workings are shown in Mr. Brough 
Smyth’s map. After duly identifying the dis- 
trict with the Ophir of the Bible, and estab- 
lishing it as the source of all King Solomon’s 
wealth, he proceeds to claim that Devala, the 
capital of the Wynaad, is a corruption of 
Havilah, where we are told ‘‘ there is gold, and 
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the gold of that land is good.’’ After this 
how was it possible to doubt the genuine cha- 
racter of the gold-mining enterprise in the 
Wynaad? He refers to the reports of Dr. 
King and Mr. Brough Smyth, and comes to 
the conclusion that gold in workable quantities 
exists in the Wynaad within an area of 525 
square miles. He does not omit to mention the 
816 ounces assay, and one is quite surprised 
at his moderation when he fixes the, average 
yield at 7 to 8 dwts; but, unfortunately, he is 
equally moderate in his estimate of ex- 
penses :— 


s. d. 
Minig 64.06.i0a4-aneeee noes 3 Oper ton 
Milling Tere Tree es ee a 4 8 E 
Other expenses...... ee 110 5; 
Total g 6 


(The average cost on the Kolar goldfield in 1898 
being about 38s. 6d., the least 27s. 2d.) 


With a hundred stamps he proposed to deal 
with 25,000 tons per annum at a cost of 


411,875. He then calculates the capital 
required as follows :— 
£ 
Concession .... esses...» eesese 60,000 
100 stamps at £200 a stamp .... 20,000 
One year’s working expenses .... 12,000 
Contingencies .......eeee0e+0. 8,000 
4,100,c0o 


and infers that at 6dwts. there would be a 
return of 16} per cent., exclusive of the hand- 
some profit to be derived from coffee and 
cinchona. In his hurry he has forgotten to 
include in capital the cost of machinery 
for mining purposes (including winding and 
pumping), and for dealing with tailings, and in 
the current expenses, the cost of treatment of 
tailings. Curiously enough these calculations 
were afterwards reproduced without criticism 
in a standard and widely-read book on gold- 
mining. 

He concludes with characteristic exuberance: 
‘ I plead the exhilaration of my good spirits as 
my sole excuse for my temerity in telling the 
British public that the claims of the Wynaad 
are deserving of its attention and examina- 
tion.” 

For more than a year few doubted the 
reality of the brilliant prospects by which they 
had been attracted, and a protest from Dr. 
King that the high prices of the shares were 
not justified by facts roused a storm of in- 
dignation. At the annual meeting of the 
Indian Glenrock Company, in 1882, a tone of 
cheerful optimism prevailed, but on the corre- 


sponding occasion, in the succeeding year, a 
melancholy transformation had taken place, 
for the results of the year’s work were decidedly 
unsatisfactory; nor did this company stand 
alone. The produce of milling on a working 
scale was rarely more than three to five 
pennyweights. 

A few companies lingered on for a con- 
siderable time. In 1892, the Indian Gold 
Mining Company, which had leased the 
Alpha Mine on an agreement by which they 
were to receive 44 pennyweights, and a certain 
proportion of any additional output, found that 
the former amount was never reached. The 
agreement was, therefore, cancelled, and the 
company wound up. They had crushed 18,000 
tons of quartz, and only obtained go ounces of 
gold, which is little more than two grains to the 
ton. Another company, the New Devala Mining 
Company, which also continued to work till the 
year 1892, seeing at last no hopes of success in 
the Wynaad, invested a portion of their remain- 


‘ing funds in a mine in the United States of 


Colombia, where I trust they were more 
successful. Another took a share of a 
mine in Mysore, while a fourth turned its 


‘attention to the cultivation of coffee, and all 


that is now left of the great Wynaad gold 
industry are the abandoned shafts, dismantled 
buildings, and rusting machinery. 

_ Light is thrown on some of the assays which 
served to attract too confiding investors in the 
early days of the movement by a story I heard 
from a veteran mining officer in southern 
India. He happened to pass through the 
property of one of the unfortunate companies 
that had already run through the familiar 
succession of sanguine expectations and hope- 
less failure, and took the opportunity of having 
a look at the reef himself, and could not detect 
by the most careful washing more than a trace of 
gold. Later on he met the prospector who 
had been responsible for the original assay, 
and asked him in confidence for an explana- 
tion. ‘The assays were all right” was the 
reply, ‘‘but I did not want them to be dis- 
appointed so I panned the stone a bit first.” 

Many, if not most, of the assays were of 
course entirely trustworthy, including those 
made by Dr. King and Mr. Brough Smyth, but the 
actual output of gold never reached anything 
like the amount shown by the assays, simply 
because the ore occurred in such an irregular 
manner that it was impossible to obtain a 
continuous supply of high grade stone to keep 
the stamps going. The quartz, too, contained 
so much pyrites that with the inefficient 
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machinery used for dealing with the tailings a 
large proportion of gold was lost. The cost 
of working was far greater than had been 
anticipated, chiefly on account of the dearness 
of fuel and the large amount of power required 
for grinding the tailings. 

As the curtain falls upon the melancholy 
termination of the Wynaad industry, a touch 
of comedy mingles with the tragedy in the 
proposal of an ever hopeful shareholder that a 
combination should be formed to exact com- 
pensation from the Indian Government for 
encouraging the ill-fated enterprise by their 
publication of Mr. Brough Smyth’s report. 
Whether such an attempt was ever made, and 
what reply the Government vouchsafed, I have 
been unable to ascertain. 

About a year ago the Wynaad was visited 
by Mr. Hayden, who again examined the 
auriferous quartz reefs. In his report to 
Government he expresses the opinion that the 
majority of the reefs are probably too poor in 
gold to offer any prospects of remunerative 
working, yet he thinks it possible that one or 
two may prove sufficiently rich to justify 
mining operations. He refers to the small 
scale on which the examination was carried 
out, which rendered it difficult to arrive at any 
reliable conclusions as to the average value of 
a reef, a difficulty which was intensified by the 
fact that the gold appeared to be most 
capriciously distributed. 


THE CHUTIA NAGPUR GOLD MINES. 


The next serious attempt to develop the 
mineral resources of India was made in 1890. 
The brilliant and continued success of the 
premier gold mines of the Kolar goldfield 
not only revived the flickering flame of the 
Wynaad industry and stimulated the efforts 
that were being made to work the various 
goldfields in Mysore, but raised hopes in 
another and distant portion of our Indian 
Empire. 

Not far to the westward of Calcutta lies the 
hilly country of Chutia Nagpur which reaches in 
places a height of more than 2,000 feet above 
sea level. Its ancient rocks present many points 
of resemblance to those of Southern India. It 
has long been known that alluvial gold working 
was carried on by the aboriginal tribes, partly 
in the river gravels and partly in the ancient 
alluvium of streams that have changed their 
course. Many pits were sunk in these deposits 
to reach the auriferous bed, but in only a single 


case is there any evidence of auriferous quartz 


being mined. This is in itself a great contrast 
to the state of things in the South of India. 

On the other hand, the mining of copper 
and lead in solid rock was, as we have seen, 
a long established industry in Chutia Nagpur. 
I have already referred to the attempts to work 
these metals on European lines. The latest 
of the copper companies, the Bengal Ba- 
ragunda Copper Mining Company was still 
Carrying on work in 1890 when the great out- 
burst of mining enterprise occurred, which I 
shall now describe. This movement was 
mainly concerned with gold mining, though 
the other metals were not forgotten. It is 
also remarkable that the finansial operations 
it involved were confined to India, more especi- 
ally Bengal, and raised but little interest at 
home. 

In July, 1890, four gold mining companies 
were formed at Calcutta, two of them—the 
Bengal Gold Syndicate and the Chota Nagpore 
Gold Mining Company—appear to have at 
once risen to four times their nominal value. 
The others, the Manbhoom and Singhbhoom 
Gold Sydicates, stood at only one hundred 
per cent. premium. By the end of the month, 
however, they had reached three times the 
price of issue. 

During the greater part of August no im- 
portant change occurred, though several new 
companies were formed. The shares of one 
of these (the Karo) rose to a premium of 150 
to 175 per cent. within twenty-four hours, of 
allotment and others fared nearly as well. 
During the last days of August and first of 


. September, a wild outburst of speculation 


suddenly took place which has never been 
equalled in commercial circles in Calcutta, or 
indeed so far as I am aware, in any other 
place, not even London at the time of the 
expansion of the South Sea bubble. The shares 
of the different companies were raised in a 
spirit of reckless gambling to the most absurd 
prices which were totally unconnected with 
their intrinsic merits if they possessed any, 
which is more than doubtful. The one rupee 
shares of the Bengal Gold rose to 11 and Chota 
Nagpores to 14. Whenever a new company 
appeared, and they were not backward in pre- 
senting themselves, there was a frenzied rush 
for shares. ‘‘Staid European investors vied 
with impetuous Marwaris in the race for wealth, 
and enormous sums were made in a few hours.’” 
The climax was reached at the end of Sep- 
tember when Chota Nagpores reached their 
highest point, over 17 rupees, for the one rupee 
shares. 
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All the devices which had been employed by 
the most unscrupulous of European company 
promoters now flourished in Bengal as in con- 
genial soil. Companies were brought out whose 
shares were carefully allotted so as to remain 
at the disposal of the promoters, while a 
so-called expert was employed to visit the pro- 
perty and expected to produce upon his return 
such satisfactory evidence of its immense 
wealth that the conspirators could clear out at 
a handsome premium. 

One of these enterprising prospectors pre- 
pared a report which showed that the rocks in 
his company’s property contained enormous 
amounts of copper and argentiferous galena. 
A friend of mine, an Indian official, whose 
curiosity was excited by the announcement of 
so important a discovery, obtained a copy ofthe 
report and found, perhaps rather to his surprise, 
that it gave a thoroughly consistent account of 
the supposed deposit, and bore the impress 
of competent theoretical and practical know- 
l>dge of such matters. But on a second 
reading he was struck by a sense of something 
familiar in its language, and after a little 
consideration he reached down a text-book 
from the library shelves—it may have been 
Phillips ou ore deposits—and found that this 
account of the mineral resources of a locality 
in Bengal was taken almost verbatim from a 
description of one of the wealthier regions of 
South America. 

Another worthy of the same school announced 
that he had found an inexhaustible deposit of 
sulphide of silver, which on analysis proved to 
contain 87:07 per cent. of silver. He rather 
rashly forwarded a specimen to the company, 
which they, imagining it was what it purported 
to be, forwarded to the office of the Geological 
Survey of India. It was simply a piece of 
black slate. The geologist to whom the matter 
was referred asked the prospector if he would be 
so good as to come up and see him, and on his 
appearance inquired if he really had analysed 
the specimen and got that result. The other 
hesitated fora moment, and then pulling out an 
clementary text-book of mineralogy said rather 
shamefacedly, ‘‘ I have a book here which says 
that sulphide of silver is black and soft and 
contains 87°07 per cent. of silver. I thought 
that as this mineral was black and soft it was 
clearly sulphide of silver, and it seemed to me 
that this identification was tantamount to an 
analysis.’’ 

It is said that the importation of auriferous 
quartz from Australia about this time reached 
very large proportions. It is to be hoped that 


it was only intended to be employed for compari- 
son with Indian specimens, but there are un- 
charitable people who suggest that it was 
required to satisfy the demand for a com- 
modity of which there was an insufficient 
supply from the auriferous tracts of Chutia 
Nagpur. 

Early in September a feeling spread that the 
shares had reached too high a price. The first 
fall was followed by a panic due to the fact 
that many of the Marwari speculators were 
unable to take up the shares they had pur- 
chased. But the public as a whole believed in 
the intrinsic value of the mines, and after a 
brief depression the shares nearly regained 
their former value. 

Time passed, work was commenced on the 
mines, but the brilliant anticipations in which 
the Calcutta world had indulged still lacked 
fulfilment. The shares gradually dropped, 
Chota Nagpores, which had stood at 16 at 
the end of November had fallen to 74 at the 
commencement of the new year. Some of 
the companies liagered on until 1893, 
but few survived that year, and among others 
the old Bengal Barragunda Gold Mining Com- 
pany passed peacefully away. The shares that 
were still quoted for a few months longer had 
become almost as valueless on the Calcutta 
exchange as they were in reality. 

In 1898 the Geological Survey made a final 
effort to ascertain if there were any possibility 
that even the richest auriferous rocks of Chutia 
Nagpur could be mined at a profit. An 
Australian expert was engaged, stamps were 
purchased, and mining and crushing were 
commenced on a small scale at a reef at 
Dhobni, near Borobhum, which he supposed 
to be the most favourable locality; but the 
quartz proved to be practically valueless. 


PROSPECTS OF GOLD-MINING IN INDIA. 


As a result of the series of disastrous failures 
that have distinguished mining enterprise in 
India during the last five and twenty years, 
the public appear to have come—not unreason- 
ably—to the conclusion that there are just four 
genuine gold mines in India, but that beyond 
these there is nothing that does not represent 
hopeless failure and inevitable loss. Is this— 
the verdict of the great British public—a 
correct view, or merely a hasty pessimistic 
conclusion? That is a question to which you 
will, I know, expect me to give some sort of 
reply. 

What this reply should be depends, it seems 
to me, entirely on the way in which new mining 
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enterprises are to be started, and how they are 
to be carried out. 

Many millions—how many I should not like 
to say—have been heedlessly raised and care- 
lessly squandered, either filling the pockets of 
unscrupulous promoters or poured out in useless 
work, where the ground was too poor or the 
management too ignorant and unintelligent 
for any advantage to accrue to the unfortunate 
shareholders. 

Nowhere are intelligent forethought and 
scientific method so important as in India. 
There the conditions under which the value of 
undeveloped mining property must be deter- 
mined are quite different from what they are in 
Australia, South Africa, and America, where 
no systematic mining was carried on before the 
advent of Europeans. India has been a settled 
country for thousands of years, and during the 
whole of that time its auriferous wealth has 
been eagerly sought for, in some cases with 
an organisation rivalling that of European 
methods. 

We cannot, therefore, expect to find at the 
surface any reefs except those which were too 
poor for the ancient miners to work. This 
is the real foundation for the belief so wide- 
spread in Indian mining circles, and which has 
sometimes led to so much useless expenditure, 
that reefs invariably become more valuable in 
depth. All the rich quartz at the surface has, 
of course, been long since removed, while it is 
always possible that below the barren portion, 
which has been left standing, a rich chute may 
be found; on the other hand, it may not. 

But where the extent of the old workings at 
the surface indicates that the greater part of 
the quartz in the reef was sufficient to repay 
the ‘old men ” for their trouble, the laws of 
chance will tell us that we shall probably find 
similar quartz at no great depth below the 
barren part of the reef. When, on the other 
hand, the greater part of the reef at the surface 
has been left untouched, the probabilities are 
just the other way. But in no case can we 
form any clear idea of the value of the pro- 
perty until we know what lies below the old 
workings, though we can sometimes form 
an approximate estimate if we know their 
depth, and take into account as far as possible 
the circumstances under which they were 
originally carried on. But to examine the rock 
below the old mines, or even to ascertain the 
depths to which they extend, by mining, in- 
volves in a great number of cases an expen- 
diture of many thousands of pounds. Under 
these circumstances it seems to me that the 


only reasonable course to take is, before com- 
mencing any mining operations, to examine 
the ground carefully by means of a diamond 
drill, so that its value may be at least approxi- 
mately ascertained. The cost will be heavy, 
but much less than that of mining. 

It follows from this that in India, where heavy 
expense must be incurred before the value of 
mining property can be determined, the price 
of an unproved mining block should be very 
moderate indeed, and if possible entirely in 
shares registered as fully paid up, and the 
vendor should be prohibited by the articles of 
association from alienating them till the mine 
has been properly proved. 

But it would be preferable to ascertain the 
value of the property before the purchase is 
completed. For this purpose, the purchasers 
should not be satisfied with a simple statement 
by the vendor or his representatives that it has 
been thoroughly proved and found to be worth 
working, for vendors are not unnaturally apt to 
be very sanguine in these matters. Either a 
certificate from a Government official should be 
obtained, or the trial should be made in the 
presence of competent representatives of both 
sides. 

The Mysore Government has decided to 
follow the example of that of New South 
Wales and purchase one or more diamond 
drills. These will, I believe, be available at a 
reasonable cost for determining the value of 
new mining sites. 

The mere existence of old workings proves 
but little. They may have been excavated by 
means of forced labour like many of those 
made by the orders of Tipu Sultan in various 
parts of Mysore. Some of the old mines were 
worked for substances other than gold. The 
ancient copper mines near Chitaldrug were 
at one time regarded as gold mines. Copper 
and lead mines may, however, yield gold or 
silver as well, and the extraction of more than 
one metal may be profitable where each singly 
would be worked at a loss. 

Another important consideration is the 
scientific treatment of the ore. It should be 
carefully analysed, and the methods employed 
modified accordingly. The cyanide process is, 
for instance, of great value where the pyrites 
contains only a moderate amount of gold. If 
the pyrites is very auriferous or contains other 
valuable metals besides gold, it should be 
concentrated on a vanner and smelted. 

The Mysore Government has purchased a 
small experimental plant for the treatment of 
gold ores, including stamps and apparatus for 
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sizing and concentrating the tailings. By 
making use of this installation a company 
opening a new reef may ascertain without 
delay what treatment is most suitable for that 
particular ore before ordering out their metal- 
lurgical plant from home. 

The next requisite is economy. Few of the 
Indian gold reefs are rich—the Champion lode 
is an exception—and every effort should be 
made to reduce expenditure. The cost of 
mining in India has always been rather high. 
This may be accounted for in various ways. 

In the first place the rock is harder than in 
most other auriferous regions. This increases 
the cost both of mining and milling. 

Fuel is dearer. In 1898 the cost of coal per ton 
was 25s. €d. as compared with 19s. 6d. per ton 
in South Africa. The effect of this was still 
more marked when the tailings were treated 
with Wheeler’s pans which absorbed a great 
deal of power. Water power should be used 
wherever practicable, and in other cases Indian 
coal should if possible be employed. On the 
Kolar goldfield the transmission of power from 
the Kaveri falls will provide an economical 
substitute for fuel. 

Mining materials imported from Europe are 
also dearer than in South Africa on account of 
the higher freight to India. Every care should 
be taken to restrict the excessive use of explo- 
sives, to which the natives are rather prone. 

The cost of labour is very great in the Indian 
gold mines on account of the large number of 
men employed. In the Transvaal during the 
years 1895-7 inclusive there were on an average 
1,542 persons employed for every 100,coo tons 
milled, while in Mysore the average during 
the years 1895-8 inclusive was 6,152, almost 
exactly four times as many. On the other hand, 
while in the Transvaal the average wage was 
nearly 80s. a month, in Mysore it was only 
25s., but the total cost of labour was greater. 
Of course, as Mr. Smecth has pointed out, the 
large number of coolies employed in Mysore is 
partly due to the cheapness of labour and high 
cost of fuel, which render it economical to use 
hand labour in Mysore in many cases in which 
it would be cheaper to employ machinery in 
the Transvaal. But, even allowing for that, 
there is little doubt that the work of individual 
men is not so effective in Mysore, partly 
because the majority of the workmen, especiaily 
the lower castes, are smaller and less muscular 
than the Kaffirs, and partly because it is their 
nature not to hurry themselves. It deserves 
consideration whether by employing more 
intelligent native workmen of a higher class, 


and substituting machine drills for hand 
labour in the stopes, the expense might not be 
lowered, especially if the cost of power can be 
reduced, as suggested, by using Indian coal or 
electricity to drive the compressors. 

Much more money is spent in India on 
development than on the Rand, where the 
regular arrangement of the ore simplifies the 
matter considerately. 

Finally, the cost of sending the gold 
home to be refined is by no means incon- 
siderable. For a short time it was taken 
by the Indian mints, but an excessive 
accumulation of gold in the Treasury com- 
pelled the Government to offer less favourable 
terms. It is difficult to see how the Govern- 
ment can without loss to itself buy large 
quantities of gold in India upon the same terms 
as are given in London, unless they can per- 
suade the Indian people to accept the sovereign 
as a circulating medium, a consummation de- 
voutly to be desired. 

In 1898 the cost of the production of gold 
per ton of ore milled was as follows :— 


| Minimum. Maximum.| Average. 


| s d | s d. s. d. 
Mining..........6. 7 18 5 . 32 7 26 9} 
Milling............ 4 54 | 6 5 5 8} 
Tailings (Wheeler’s: 

! 

pans) voc caveat 7 33 | 9 6 8 II 
Tailings (Cyanide)... 2 7 | 3 2} 3 0 
Total (mines without : 

pans) sesoses., 27 2} 31 8 — 
Total (mines with | 

pans) .........- | 35 Ok: 45 11 — 
Total (all mines)... — 38 6 


The cost of milling is rather high as 
compared tothe Rand. The difference may 
be set down to the greater hardness of the 
rock, the high cost of fuel, and the want of 
concentration of plant. The latter is now 
being remedied. Itis probable that economy 
might also be effected by labour-saving ma- 
chinery in feeding, which would have the 
additional advantage of diminishing the 
opportunities of gold stealing. 

With a reduction in the cost of power and 
other economies, we may hope to see the total 
cost ot production per ton reduced to about 25s. 
a ton (equivalent to 6} dwts.) in the case of 
mines below (say) 300 feet in depth, to 17s. (44 
dwts.) in the case of poor reefs near the sur- 
face, and 14s. (34 dwts.) or less to similar mines 
where water-power is available and skilfully 
used. The recent substitution of a royalty on 
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the net profits for one on the output of gold 
will be of great assistance to mines working 
poor quartz. 

If investors are careful to see that the values 
of mining properties are, as far as possible, 
tested before the purchase is completed; 
if moderate prices are paid to the vendors, if 
the mines are carefully and scientifically 
worked, and the expenses reduced to the scale 
I have indicated, we may hope even yet to see 
gold-mining a prosperous industry, not only in 
Mysore, but even in some localities in the 
Wynaad, Bellary, Haidarabad, and other 
parts of India. Chutia Nagpur, I am afraid, 
stands in a much less hopeful condition, and 
only a revolution in metallurgy and mining 
would enable its auriferous quartz to be worked 
at a profit. 


DEEP ALLUVIUM. 


There is still another class of auriferous 
deposits on which I have not touched, the 
ancient alluvial accumulations, which have 
been covered up by more recent beds. 

The surface alluvium has been worked for 
ages, and now yields but a scanty harvest ; if, 
however, we can reach still older auriferous 
sediments that were inaccessible to the ancient 
miners, we may hope to find them, in some 
cases at least, as rich as were the river sands 
in the days when primeval man was first 
attracted by the gleam of gold beneath the 
water. 

I am now referring not to the gold reefs of 
the transition rocks, which, however trans- 
formed in the course of their long history, were 
as I have said originally, in most cases, allu- 
vial deposits, but rather to those which are 
still in a comparatively unaltered condi- 
tion. The oldest of these are the lacustrine 
and fluviatile Gondwana strata which are 
known to be auriferous in certain places. 
There can be little doubt that concealed 
amongst them and covered in some cases by 
still later beds are rich alluvial deposits if we 
could only find them. 

If we follow northwards from Mysore the 
tracts of auriferous rocks that run roughly 
parallel to the western coast of the peninsula, 
we find them at about the 16th degree of 
north latitude, passing under the margin of 
the widespread lavas and ashes of the Deccan 
trap. Sometimes a few feet of river sands can 
be seen interposed beneath the igneous rocks. 

Among the ancient rocks which are now 
hidden from sight by the trap over an 
area of more than 200,000 square miles, there 
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are in all probability reefs that are as 
rich as any to which we have now access, and 


= between these rocks and the lavas and ashes 


that overlie them auriferous alluvial deposits 
must be present in the same manner as the 
‘deep leads” of California and Australia, that 
owe their continued existence to the capping of 
lava that has protected them from the destruc- 
tive action ofrunning water and other agencies 
of nature.* The only difficulty, and it is a . 
serious one, is the thickness of these igneous 
rocks. Where the series is complete, they are 
said to be as muchas 5,000 feet thick, but there 
can be few places where the total thickness 
was ever as much as this, and in every case a 
great deal must have been removed by 
denudation. I believe that if systematic 
borings were made we might find many 
localities where there is auriferous alluvium 
below the trap at a reasonable depth below the 
surface. 

Similarly, in those cases where the thick 
beds of laterite, which are of such frequent 
occurrence in Northern India, have been 
accumulated, by the transporting action of 
wind or water, over auriferous transition rocks 
—as at some points north of the Kolar gold- 
field—we may hope to find untouched alluvial 
deposits of considerable value. Where the 
laterite has been formed z» sítu by the altera- 
tion of crystallised rocks, we cannot expect to 
find the laterite richer than the unaltered rocks 
may have been, though their incoherent 
character in their decomposed condition may 
render it possible to work them at a 
profit, when the original rock would have 
been much too poor to pay the cost of mining 
and crushing. 

Finally, I may allude to the possibility of 
deep auriferous beds being found in the allu- 
vium of the rivers that drain the plateaus of 
Southern India. It is true that among the 
hills and in the gorges of the ghats the velocity 
of the streams is, as Dr. King and Mr. Brough 
Smith have reported in the case of the Wynaad, 
too great tu allow the formation of deep allu- 
vium ; but where the rate of flow becomes less 
at the foot of any of the slopes or terraces 
by which the plateau descends to the sea 
level, large accumulations of alluvium may 
be expected to occur. Many of such locali- 
ties have long been washed for gold. Mr. 
Brough Smith himself mentions a case where 
part of the old bed of the Sipati river was 


* The possible occurrence of auriferous alluvium under 
the Deccan Trap was, I believe, first suggested by Mr. 
Bosworth-Smith. 
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exposed to view to a depth of thirty feet by the 
erosive action of the present stream, and was 
washed by the native workers. He also received 
an account of mining operations on the Pandi 
river, below the Peria Shola crossing. A large 
body of natives, forty or more in number, sank 
a shaft through the alluvium, either in or close 
to the bed of the river, constructing coffer- 
dams of fascines mixed with clay, till after 
four or six months’ work (to use the Indian 
idiom), they reached a layer of gold one inch 
thick. I have myself noticed in Mysore, when 
working experimentally the river sand, the 
accurate knowledge the natives had of the 
configuration of the bed rock at a considerable 
distance below the surface of the sand. 

There can be little doubt that in suitable 
localities we should find, when we got below 
the depth at which the Indian miners were able: 
to work, auriferous beds that would well repay 
the labour they had cost to reach. In many 
cases too, I believe, it will be found worth 
while to divert the course of some of the Indian 
rivers and uncover the hidden wealth that lies 
beneath them, as has been done so often on 
the western slopes of the North American 
continent. 

But for these enterprises, just as for quartz 
mining, careful forethought, scientific proce- 
dure, and business methods are absolutely 
necessary for success. 


a I 


DISCUSSION. 


The CHAIRMAN expressed for himself and the 
audience their obligations to Dr. Evans for his 
instructive and interesting contribution to the valuable 
series of papers upon India which the Society of 
Arts was collecting. Future historians and contem- 
porary critics would find in them a mine of information 
by which to test the cries of “ Indian bankruptcy,” 
or “ ruinous exploitation,” which were uttered from 
time to time. The paper just given threw light upon 
the past, the present, and the future of India. We 
had to grope through darkness in reading the story 
of ancient history. Every grain of fact that could be 
picked up from beneath the surface of the soil was 
helpful. The Roman coins (of which he had one 
in his pocket, found close to the gold mines of 
Mysore, a coin of Tiberius), the niches in the 
workings up which the chatties of water were passed, 
and the solitary grinding stone or muller discovered 
in an old mine, told their story of the past. Whether 
the silver coins were sent to purchase the gold of 
India, or, as others held, to buy remounts for Roman 
cavalry, the fact remained that they were sent, as 
some now complained, to “exploit”? or ‘ drain” 
India, or rather, as he preferred to put it, for bene- 
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ficent purposes of profitable exchange and commerce. 
The laborious passing of water from hand to hand 
told probably of slave labour, while the absence ot 
scientific tools and the small muller, in place of the 
huge stamper, told of the vast strides which science 
had made, and the larger gift of experience and skill 
which British rule now placed at India’s command. 
The modem facts set forth by Dr. Evans contained a 
striking picture of the moral and material development 
of the Indian empire. There was first a scientific 
survey of mineral resources and the application to 
works of the best machinery, so that, where the ‘“ men 
of old’’ abandoned mines as useless, the moderns found 
valuable treasure and means of employing labour. 
Next there was the proof of public confidence in the 
inrush of foreign capital; thrice blessed, blessing the 
investor, as well as the labourer, and also the Govern- 
ment of Mysore which last year derived a profit of 
£90,238 in royalty alone, besides profits in other 
forms of revenue such as railway receipts, abkari and 
stamp revenue. This benefit was wholly to the credit 
of the protected state of Mysore. Thirdly there was 
the glorious liberty of free labour with all its moral 
advantages and yet with no loss to the capitalist. 
And lastly there was the picture of order and public 
peace and justice. The view of the goldfields with 
their factories, streets, and courts set down in a barren 
plain in Mysore was very striking. There was no 
fighting and scrambling, nor robberies, but all was 
regulated by justice and order even outside British 
India, but under the strong protection of British rule. 
Turning to the future the Chairman foresaw the day 
when these fields of industry would be exhausted and 
others would have to be found. There would again 
be an exodus, and no doubt some distress occasioned 
to the miners. For just as the Indian copper was 
now imported from abroad and not supplied as 
formerly from India (so much so, that the copper- 
imports were the best of registers of increasing famine, 
falling from 322,348 cwt. in 1897-98 to 90,846 
cwt. in the famine year of 1899-1900) so in the 
future, gold would disappear from the present mines. 
Then the value of the scientific and other depart- 
ments of the Indian Government would be recognised, 
and the future of the mining population would 
depend upon the wise forethought of its rulers and 
the aid of capital from over the seas. The difficulties 
of the future, no less than those of the past, would 
only increase the confidence of the natives in British 
rule, enlist more and more their active co-operation 
in the development of their country, and strengthen 
their appreciation of the benefits of the just and 
scientific administration which they enjoyed in the 
country ruled, or protected, by the Queen-Empress. 


Prof. C. LE NEVE Foster, F.R.S., thought it was 
very important to know that gold was occurring in 
India in old sedimentary deposits of sand and in 
some cases of gravel, very similar to the deposits 
from which so much gold had been obtained in the 
Transvaal, and from which so much gold was now 
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being obtained on the West Coast of Africa. It was 
important with regard to the permanency of the 
deposits, and also with regard to tracing the gold- 
bearing beds throughout the district by the pros- 
pector. With regard to the draining of the mines 
in olden times, Dr. Evans had spoken as if the use 
of chatties for passing the water up the mine had 
been entirely abandoned. If he were not mistaken, 
a continuous string of bailers was still sometimes 
employed in the graphite mines of Ceylon. With 
regard to the muller for grinding, the Chairman had 
alluded to it asif it were the rudest method of getting 
the gold, but he gathered that it was really like a 
quern and had a circular movement. Before that 
mill was invented tnere was a still older method 
kaown, for instance in the Alps, that of using a stone 
like a rolling-pin, and rubbing it backwards and for- 
wards without imparting to it a circular motion; this 
was an appliance ruder than the quern. He did not 
gather from Dr. Evans that there was any trace of the 
employment of mercury in olden days, but he pre- 
sumed not. It was a matter of congratulation to a 
Professor, at all events, that such a source of 
wealth in India had been made known to the 
public by one who was a student of mineralogy 
and geology, and not simply by chance, or by a 
prospector who had no scientific training whatever. 
That, he thought, showed the value of scientific 
training. Another point upon which he could con- 
gratulate tke goldfields was the sinking vertical 
shafts. Everything had been said in praise of the 
goldfields, but they were, until recently, behindhand 
in their mining methods, by making the workmen 
climb down and up the old inclined shafts. One 
consequence of having vertical shafts would be that 
the men would be raised and lowered by machinery, 
without loss of muscular labour and without such 
terrible accidents as the one which happened at the 
Champion Reef a few years ago when some fifty 
men lost their lives going up the ladder ways. If 
the Chairman might be criticised, he thought he need 
hardly have prophesied the exhaustion of the Indian 
deposits of gold. He believed they would last, not 
only this generation but the next, and the result 
would be, not that the deposits would be exhausted, 
but that the poorer ones which were now not worth 
working would be made to pay and to pay well by 
improved methods of mining. Probably the gold 
deposits had lasted for thousands of years, and it 
might be hoped they would not be exhausted for 
many centuries to come. 


Mr. GERVASE ELWEs, M.Inst.C.E., said that nearly 
forty years ago when he was working as a young 
engineer making roads through the Himalayas to the 
north of Simla his attention was drawn to some of 
the mineral deposits of India, the silver lead deposits 
in Kooloo, which were so well known to the natives 
that one of the districts of Kooloo took the name 
f-om them, and the great antimony deposit at Lahoul. 
He had sent a sample cf that deposit to the Lahore 


exhibition as far back as 1863. It was a little signifi- 
cant that neither of those deposits had been worked 
from that day to this. Since that time his mining 
work had lain chiefly in other countries, but he had 
continued to watch with interest the progress of 
metalliferous mining in India, such as it had beer. 
He regretted that th-re had been very little progress 
exc-pt in gold mining, but to go into the causes 
which had contributed to that would be too long and 
perhaps scircely germane to the subject of the paper. 
There was one matter, howeve-, on which he should 
like to say a few words. Dr. Evans had to a 
certain extent condemned, in a gen ral way, the 
copper deposits. As he (Mr. Elwes) had paid particular 
attention to the mining, dressing, smelting, and refining 
of copper, he should like to utter a respectful demurrer 
to the general view expressed by Dr. Evans that 
copper mining in India was not likely to pay. With 
regard to Mr. Henwvod’s opinion, which was given 
as far back as 1855, since that time the whole precess 
of mining, dressing, smelting and refining copper had 
been revolutionised. About that time, or not very 
long before, it cost, roughly speaking, from £70 to 
£80 to make a ton of metallic copper, but at the 
present day there were scarcely any mines where the 
cost exceeded £35, and he knew of mines where 
copper was made from a very low-grade ore at a cost 
of £18 to £20. Therefore, the conditions which 
prevailed then had been entirely changed. No doubt 
the ores that the ancients worked were, if not low 
grade, surface ores; the deep ores, which were the 
most important in copper mining, were generally a 
low grade. About one half of the world's total out- 
put of copper was made from ores containing less 
than 44 per cent., and almost all the great paying 
mines, with scarcely more than one or two excep- 
tions, were the mines which worked those ores. 
There were copper mines which were able to pay by 
working sulphide ores of from one to two per cent., 
and there was one mine at Lake Superior which made a 
profit out of two-thirds of one per cent.of native copper. 
The figures mentioned by Dr. Evans of 24 to 7} per 
cent. of copper averaging 4 or § per cent. was quite a 
good ore. Mine owners did not ask for anything 
more than 4} per cent. of copper, provided there 
was plenty of it. In the Singbhum district there 
were 80 miles of cupriferous beds, and over the 
whole of that length were the scattered remains of 
ancient workings, heaps of scorix, and so forth, 
which showed that there was an immense copper 
industry there in ancient times. It was quite true 
that several attempts had been made in modern times 
to work those deposits, and he happened to know 
pretty intimately what the causes were for the 
want of success. In the Singbhum district 
the efforts were made so long ago that the 
changed conditions of the present did not apply. 
At that time there was no railway near, and 
there was no chance of success. But a more import- 
ant reason was that, just as in the beginning of the 
gold mining industry in the Mysore district, the 
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people who began it attempted to get gold where 
the old workers had taken it out already, so the 
people in Singhbhum tried to get copper where 
old workers had taken it out, viz., above the 
sulphide zone. The old workers worked out 
all the oxidised ores and left the sulphides as 
the Romans and Phoenicians did, and when they 
got to them they had to stop. In Singbhum they 
did not succeed because they did not go deep enough. 
But recently a shaft had been sunk below the old 
workings and had cut through two beds of sulphide 
ores, and there was every prospect that the industry 
would be resumed. With regard to metalliferous 
mining generally in India, almost everybody who 
took an interest in Indian matters recognised that 
the weak spot in the economical condition of India 
was the too exclusive occupation of the people in one 
industry, that of agriculture. It was not only that 
agriculture itself was precarious and subject to great 
calamities from climatic vicissitudes, bnt also that under 
the protection of the British Government the popula- 
tion in some parts of the country had increased to such 
an extent that agriculture no longer gave full employ- 
ment to the labour. Some other source of employ- 
ment for that labour was required in manufacturing 
and mineral industries, and therefore it was in the 
interest of India itself that every possible encourage- 
ment should be given to the introduction of capital 
from this country into the mining industry of India. 
He had had occasion to study and compare the 
mining laws of almost all the countries in the world 
in which mining operations were carried on, and he 
was bound to say that the mining rules which were 
issued about a year and a half ago by the Government 
of India, with, he was sure, the best intentions and 
every desire to attract capital, were so very much 
inferior in the attractions which they offered to those 
of richer countries—Mexico, Peru, Chili, the United 
States, and parts of Canada—that he was very much 
afraid, unless those rules were modified in some im- 
portant particulars, capital, which flowed freely in the 
line of least resistance, would not go to India, but to 
other and more distant parts of the world. 


Mr. S. J. WILDE said that some thirty years ago 
he was the chairman of aj company at Singbhum 
for working copper, where there was a very rich 
deposit. Half a ton was sent over to England to be 
smelted before the company was formed, and a satis- 
factory result being obtained, the work went on and 
a certain quantity of ore was raised. It was a very 
rich ore, and three or four tons of copper were sold in 
Calcutta at over £100 a ton; but it turned out to be 
a mere pocket. The manager could not find another 
pocket, but he could hardly believe that where there 
was one very rich pocket another pocket could not be 
found. Another man was sent out who was sup- 
posed to know a good deal about gold in quartz, and 
he found some quartz with gold in it ; but, unfortnn- 
ately he fell ill and came back, and the company was 
so disheartened that they would not spend any more 
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money. He (Mr. Wilde) believed himself that 
copper would be found there in workable quan- 
tities as well as gold. Mr. Wilde was chair- 
man of the Nerbudda Coal Company. In 1874 
Mr. Maynard, the then agent of the company, found 
in an island in the Nerbudda river some very rich 
copper ore, within the company’s territory. About 
that time Messrs. John Taylor and Sons had 
sent a gentleman out there for their own pur- 
poses, and for a small fee Messrs. Taylor and 
Co. permitted their man to visit the island. That 
gentleman was very sanguine indeed in his report, 
and in his verbal report to Mr. John Taylor still more 
sanguine. A certain quantity of ore was raised there, 
sent to England, and smelted at Liverpool, but it 
ended in a loss of only about £100, after pay- 
ment of all expenses in India and England. The 
advice of Messrs. John Taylor and Co’.s agent to seek 
for more ore was followed out, but it could not be 
found. He could not help thinking, however, that 
like Singbhum, there must be copper ore in 
the island in the Nerbudda. 


Mr. J. D. Ress, C.LE., asked Dr. Evans 
whether he designedly omitted mica from his paper. 
He also drew attention to the fact that a Bill 
was being introduced into the Viceroy’s Council 
of India to deal with the regulation of mines, and 
although it did not deal so much with gold mining 
as with coal mining, it had still an important 
bearing on the question, because the Bill also dealt 
with the qualifications of managers, and prescribed 
rules for grant, and cancellation of certificates in all 
cases, which would tend to hamper the direction in 
choosing their Indian agents under whom, as the 
Viceroy has lately stated at Mysore, such satisfactory 
results had been achieved. 


Sir M. M. BHOWNAGGREE, K.C.I.E., M.P., said 
that with regard to the industrial resources which gold 
mining and the mining of minerals of all sorts opened 
out in India, he was very pleased to receive the corro- 
boration of an opinion which he had held for a long 
time—viz., that agricultural pursuits in India were 
overdone in proportion to the capacity of the soil, and 
that a good deal could be done for the relief of the 
people from possible calamities like famine and 
scarcity of provisions by attention, skill, and energy 
being diverted to other industrial activity. He was 
second to none in conceding that British rule had 
made it possible for industrial pursuits to be followed 
without slave labour, but he believed that the admini- 
stration had failed to attract the energies of the 
natives to those industrial pursuits. It was all very 
well up to a certain point to talk of British 
capital being allowed to flow into India, and 
the mineral resources being developed by British 
labour or British capital; but the time had now 
been over-ripe for a commencement to be made for 
imparting such a system of instruction to the intel- 
lectual natives of India as would enable them to 
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exploit the mineral and other resources of the 
country. One of the items in the great expenses 
that mining operations involved was the high salaries 
that had to be paid for European skilled labour. He 
did not in the least degree begrudge it because he 
believed that every penny was well earned. But he 
thought, to a large extent, if natives did not find an 
opening in those directions it was because they were 
not trained forit. One function which the Govern- 
ment might legitimately take up was to direct their 
attention from the system of education that had been 
established into channels which might fit the natives 
of India to exploit industrial developments of the 
nature which the paper dealt with. He was greatly 
struck by the fact that Dr. Evans was an LL.B. 
who had forsaken law for the protession of mining. 
He believed that a conversion like that, from the 
pursuit of purely literary callings, would be a 
very great improvement in the case of the edu- 
cated people in India, and he hoped that in a few 
years many of them would change their title of 
LL.B. into other titles connected with industry, 
showing that they had pursued an industrial educa- 
tion. Dr. Evans had said that gold mining under 
British rule was started by a soldier after the Mutiny. 
How was it possible for a soldier to take up such 
work? A solution of the question was found in the 
fact that in his earlier days he had had some sort of 
training in mineralogy, or some kind of technical 
knowledge. The youth of India required to be 
trained to industrial pursuits; in fact the attraction 
for these should be implanted in them while they 
were occupied in their earlier education, and that 
could only be done on the initiation and through the 
agency of the Government. In that way they would 
get to understand what the true end of national 
education was, and they might be induced to take up 
those studies and pursuits which would lead to the 
industrial development of the country on which he 
believed the eventual prosperity of India must depend. 


Sir CHARLES CECIL STEVENS, K.C.S.I., said he 
had had the honour of being for four years Com- 
missioner of Chutia Nagpur, to which several 
references had been made, and, therefore, the paper 
had been very interesting to him. He was particu- 
larly glad to hear Mr. Elwes express a somewhat 
less hopeless view of the copper mines in the 
southern part of Chutia Nagpur than Dr. Evans had 
expressed. At the same time it was worth remem- 
bering that the experiment had been tried by Euro- 
peans somewhat more recently in the Hazaribagh 
district, at the Baragunda copper mines, and he 
feared with no very great success. Gold was 
found in alluvial deposits in many parts of Chutia 
Nagpur, and he had himself seen people of 
a tribe called Jhora Gond, washing for gold in 
the River Ebe in the Tributary State of Gangpur. 
When they had taken the little grains of 
gold from the black sand with which it was 
mixed he bought it from them at the value they 
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mentioned, and told them he would be glad to take 
from them what they might obtain during the next 
day or two, while he was at the capital of the 
State, but he never saw any more of them. 
As he was leaving the State he mentioned the 
fact to the Raja, who told him that the 
price he had paid would be enough to keep them 
for several days, and they would not go back to 
work again until the money was finished. He 
thought that this disposition of the gold workers, 
to a certain extent, accounted for the small 
production of gold from alluvial diggings in 
that part of the world. He had met with 
the same tendency in other branches of work. 


When the Bengal-Nagpur railway was taken 
through the Mánbhúm district he was told 
that the engineers expected a good deal 


of local labour, but it was found that the local 
labourers would only work for a few days until they 
had accumulated a certain number of annas, and 
nothing would induce them to resume their work 
until their earnings had been spent. The conse- 
quence was that outside labour had to be im- 
ported. He believed there were no indications 
that the old gold miners in Chutia Nagpur had 
ever dug into the quartz. In the Jashpúr Tributary 
State there were some excavations to be found, bu 
they were only in alluvial lands. There was no doubt 
that in the time of the gold boom in Chutia Nagpur 
there was a great deal of recklessness and fraud. 
That gold boom, however, was not without some 
little effect upon the prosperity of the inhabitants. 
He had a friend who was manager to a native chief, 
whose ancestors had made over certain lands to 
zemindars. Those zemindars made over their mining 
rights, which were somewhat dubious, to a com- 
pany formed in Calcutta, but his friend, with great 
presence of mind, secured for himself the surface 
rights and maintained foi the raja the mining rights; 
and the effect was admirable, both for his friend and 
for the raja. He believed that the shareholders had, 
as yet, got very little, and nearly all the companies 
were, or ought to be, extinct. He was not, however, 
satisfied that gold mining in Chutia Nagpur could 
never be remunerative. There must be certainly an 
appreciable quantity of gold there, because he had 
seen many gold ornaments in the houses of chiefs 
which had been made from alluvial gold. He had 
also seen in the hands of a chief a respectable little 
nugget embedded in a piece of quartz. He did not 
feel personally competent to make a positive sugges- 
tion that gold is there, but he was prepared to 
go so far as to say that he had not yet seen any 
negative evidence so powerful as to convince him 
that the enterprise is entirely hopeless. 


Mr. H. C. TAYLOR said that as one closely con 
nected with the management of most of the Kolar 
gold mines, he would like to say a word or two upon 
some points raised in the course of the paper and 
discussion. Time compelled him to be very brief! 
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Dr. Evans spoke of the saving that would be 
effected by the substitution of self-feeding machinery 
for hand-feeding. He would point out that self- 
feeders were now in use at most of the producing 
mines on the field under the management of his 
firm. It had not been possible to readily adopt self- 
feeders to all batteries not originally bui!t to receive 
them. As opportunity had offered these machines 
had been introduced. Another point raised was the 
economy that might be effected by stoping with 
drills. There were a number of drills used in stoping 
in the larger mines, where it was necessary, in order 
to maintain a large output, but it was a practice that 
was not entirely in favour owing to the fact that 
with variations in the size of the lode, in narrow 
places the walls were often bored into and broken 
down, necessitating the provision of heavy timber, 
which was very expensive in India. Professor 
Le Neve Foster had spoken about vertical shafts. 
Dr. Evans would bear him out when he said that to 
sink a vertical shaft in the hard ground of the 
Kolar Field was a very large undertaking, that is 
to say a shaft to intersect the reef at a vertical depth 
of 1,000 feet or more. Before running into such 
an expenditure one required to be very satisfied as to 
the prospects of the mine in depth. There were now 
several deep vertical shafts in the Ficld. It was 
scarcely a fact that until within comparatively a few 
years ago hauling had been done by means of 
crooked incline shafts, as most of the mines in the 
Field have had at least one good hauling-way. 
He thought that under the circumstances of mining 
at Kolar it was quite an open cuestion whether 
vertical shafts should have been started sooner, and 
was of opinion that not so much had been lost as one 
might be led to suppose by the non-adoption of 
vertical shafts at an earlier stage. There were other 
points he should bave liked to speak upon if time 
had allowed. 


On the motion of the CHAIRMAN a vote of thanks 
was accorded to Dr. Evans for his paper. 


Dr. EVANS, in responding, the hour being late, 
deferred replying to the discussion until the paper 
was published. There were many points on which he 
should have liked to say a few words amplifying the 
Chairman’s remarks. One question was with regard 
to silver. It was well known that silver still existed 
in some of the gold workings on the West Coast. 
Just 100 years ago, when reports were made to the 
Government of Madras, the Kumbas worked as slaves 
ou the alluvial flats below Wynaad. 


Dr. EVANS writes :—I was unable at the meeting, 
on account of the lateness of the hour, to refer in my 
reply to the numerous interesting points that were 
raised by those who spoke upon the paper, and I am 
glad to be allowed this opportunity of dealing with 
them. I agree with the Chairman that the mines 
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were in ancient times in all probability worked mainly 
by servile labour. Indeed, in the earlier part of the 
present century, the Kurumbars were employed a~ 
slaves at the alluvial gold washings on the west 
coast. In answer to Professor Le Neve Foster's 
question as to the use of mercury in ancient gold 
mining, I can only say there is no satisfactory evi- 
dence of it. It is true that an earthenware jar 
supposed to have been used for driving off the 
mercury from amalgam was found in the old work- 
ings near Urigam village; but even if this ex- 
planation of its use be correct there is nothing to 
show that it dates from the ancient mining operations, 
for it may easily have been employed in connection 
with the more recent excavations in the ruins of the 
old mines. I am glad to hear from Mr. Elwes that 
more recent mining operations in Singbhum have - 
resulted in the discovery of two important beds of 
copper ore that show every sign of being sufficiently 
extensive to yield a continuous supply of workabie 
ore. This is important, for material of moderate 
grade must be worked on a large scale, and without 
interruption, if a profit is to be made. I may add 
that the ore worked at Singhanain Rajputana, which 
yielded 2} to 7} percent. of the metal, had apparently 
been carefully selected, and cannot be accepted as 
representing the average value of the deposits at that 
locality. No doubt the rich pocket of copper ore, 
referred to by Mr. Wilde as occurring on the Ner- 
budda, was not a solitary instance, but it is rarely 
possible to work ore occurring in this manner at a 
profit. The search for new pockets involves consider- 
able expense, and in case of delay in finding them, the 
whole of the plant for the extraction of the metal 
may remain idle for months. My reason for not re- 
ferring to Indian mica mining, about which Mr. Rees 
asked, was not any want of interest in the mineral, 
but the fact that mica cannot for practical purposes be 
considered as a metallic ore. There is, I believe, a 
great future before the industry. I heartily agree 
with Sir M. M. Bhownaggree in his wish that Indian 
students would take up technical studies instead of 
confining their energies mainly to law and Govern- 
ment service. In my own Cepartment at Bangalor 

some of the higher-grade assistants showed con- 
siderable aptituce for mining work, and took pride in 
demonstrating that Madras graduates were capable of 
carrying on industrial pursuits. I would, however, 
strongly recommend that any student who decided to 
take up mining as a profession should, besides attending 
a full course at a mining school, spend several years in 
actual mining work in a European or American mine. 
I cannot concur in Mr. Rogers's censure of the 
Indian mining regulations. They may not be per- 
fect but compare not unfavourably with those of 
other countries. If any one interested in mining 
believes a particular region to possess mineral wealth, 
he can take out an exploring licence at a cost, which 
varies in different parts of India, but never exceeds 
ten rupees. This gives him, it is true, no definite 


rights, but it is expressly laid down that in consider- 
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ing rival claims for mining concessions, ‘‘ due regard 
will be had to operations conducted under cover of an 
exploring licence.” If a valuable deposit is found, but 
the limit of its occurrence cannot at once be readily 
determined, a prospecting licence may be taken out 
over a comparatively larger tract till a proper sur- 
vey can be made. When this is completed, the 
licensee is entitled to a formal mining lease of the 
block he ultimately decides to select. In most 
other mining countries not only is the amount of 
mining land which the prospector can take up much 
-a but he can acquire no rights till he has actually 
‘‘ pegged out” the boundaries of this small area. 
Mr. Rogers would have been far worse off in 
Australia, for instance, for there he would have had 
no means of safeguarding his rights while waiting 
for the arrival of his mining expert. I cannot 
regard a penny an acre, amounting altogether to 
£7 10S., as an exorbitant charge for obtaining 
preferential rights over nearly three square miles 
for a whole year. The Rs. 100 (£16 13s. 4d.) 
is only in the nature of a deposit. I am glad 
to hear from Mr. Henry Taylor of the progress 
that has been made in the substitution of 
machinery for hand-labour on the Kolar goldfield, 
and trust that, with careful training of intelligent men, 
it will be found practicable to extend the matter still 
further. The employment of such large numbers of 
men underground is very undesirable, as it increases 
the difficulty of sanitation, and is a fruitful source of 
accidents, besides facilitating gold stealing. The in- 
troduction of means of raising and lowering the men 
by machinery is 2 very urgent one. No doubt the 
uncertainty as to the extension of the ore in depth 
rendered the companies reluctant to incur the heavy 
expense of sinking vertical shafts. Probably the best 
course in such a case would be to test the extent of 
the deposits by the diamond drill. I hope, however, 
to deal fully with the questions of labour, mine regu- 
lations, and the prevention of mining accidents in a 
later contribution to the Society’s Journal. 


Mr. ALEXANDER ROGERS writes :—At the con- 
clusion of the discussion on Dr. Evans’s paper yester- 
day I said that I had intended to lead the discussion 
in a new direction, but that I refrained from doing so 
because the lateness of the hour would not permit of 
my expatiating properly on the subject. I now write 
to explain what my object was, and to call attention 
to the subject of the mining regulations issued by the 
Government of India, which appear to me admirably 
calculated to crush all mining enterprise, instead of 
encouraging people to develop India’s great mineral 
resources, as they should do. This is specially the 
case in the part of Central India which has not been 
mapped in the Geological Survey map of the country, 
as it is here particularly that there is the largest field 
open for research. It is all more or less under the 
charge or administration of political agents, who, as 
a rule, are military officers or men whose studies have 
not led them to inquire into such subjects. The 
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greater, SE E ast? dared | wie aien heiress ks nee Geen is the necessity for encouraging 
the efforts of outsiders to ascertain and develop the 
resources which at present are lying dormant for want 
of exploitation. I propose now to give you an 
instance, which I can personally vouch for, of the 
method in which the supposed intention of the Govern- 
ment of India to open out the country is acted up 
to locally. There are two villages on the outskirts of 
a low range of hills in the Rava Kanta political 
agency to the north-east of Baroda, which contain 
extensive deposits of the finest iron. Having dis- 
covered those valuable deposits, which are particularly 
rich in the villages mentioned above, I applied for a 
prospecting licence in them with a view to temporarily 
keep other prospectors out of the field, and suggested 
that a small sum of 50 rupees should be paid in each 
village. I received an answer that I had not complied 
with the rules of the Government of India by 
fixing on the exact spot where operations were to be 
carried out. I could not have done this without the 
advice of a mining expert. It was then suggested 
that the difficulty could be met by my taking licences 
for the whole area of the two villages, which had 
never been surveyed, at the rate of 4 annas an acre. 
The estimated area came to 1,800 acres, so that the 
amount demanded was 450 rupees, in addition to 100 
as a deposit on each licence, or a total of 650, 
which would only have protected me for a single 
year. I wrote to expostulate to the Supreme Governa 
ment, and was finally offered by the Government of 
Bombay licences at I anna, in place of 4 annas an 
acre; that is, for 350 instead of 650. This has been 
finally declined, and I only bring it forward in order 
to show the penny wise and pound foolish policy that 
is being pursued, a policy which appears to me well 
calculated to stop all mining enterprise. Prospecting 
or exploration licences of the protective character 
asked for should, I think, be granted gratis, some 
kind of security only being required in order to pro- 
vide against wilful injury to any property having an 
appreciable money value on the part of prospectors 
or explorers. I will not go further at present to in- 
quire into the condition for mining licenses offered by 
the rules, but would suggest that such mining firms 
as J. Taylor and Sons should be consulted on the 
subject, especially with regard to such particulars as 
that no two shafts should be sunk within a certain 
distance of each other. 


Miscellaneous. 


a . caaeeeeemmeememmeeenieeed 


THE ETYMOLOGY OF CAMEO, AND THE 
CLASSIFICATION OF “ GEMS.” 


I regret that I was unable to be present, as I in- 
tended, at the most interesting paper read on the 
evening of the 15th inst., before the Applied Art 
Section of the Society of Arts, by Mr. Cyril Daven- 
port, on Cameos, for I missed not only a rare pleasure 
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but the opportunity of consulting him and the dis- 
tinguished scholar who presided on the occasion, 
before offering the observations I then wished to 
make, and now submit in writing, without the ad- 
vantage of their superior ‘‘ correction or approval,” on 
the etymology of the word ‘“ Cameo,” as the basis of 
a systematic classification of ‘‘ gems,” in the sense of 
precious, semi-precious, and other stones, shells 
[note ‘‘ Saulini Cameos’’], glass [note ‘ Tassie 
Gems ’’], and similar substances, exqusitely wrought 
in minute size, by means of the wheel [tornus], or 
borer [terebrum], and file [lima], with inscriptions, or 
symbolical, or mythological; or other designs, of 
high artistic, and historical, or antiquarian, or other 
associational interest. 

Mr. Cyril Davenport is literally accurate in saying 
that the derivation of the word Cameo is unknown.* 
But I hold that it would be less exactingly precise, 
and, in reality, more correct to say that the etymology 
of the word is undetermined, or rather, as yet, un- 
demonstrable. The word Cameo, as now spelled by 
us is the Italian [the word as once spelled by us, 
Camaieu, is the German] form, of the Low Latin 
“« camæus.” Beyond this nothing can as yet be 
positively stated. But inasmuch as Cameos are in 
fact a sub-division of ‘‘ gems,” as that term is used 
in the sense of anaglyphs or cameos, diaglyphs or in- 
taglios,—in English entaglios and entails,—and coil- 
anaglyphs, or counter-sunk cameos, there can be no 
doubt whatever of the Low Latin camzus being, as 
was suggested by Mahn on purely philogical grounds, 
a corruption of the Latin gemma, ‘‘a bud,” “ the eye 
of a peacock’s feather” “a pearl,” “a gem,” i.e., 
“a precious stone’’ and, in a slangy sense, “a 
beauty!” The word goes back to an Aryan root 
signifying “swelling,” “fatness,” &c., found in the 
Greek gemizó “ I load,” the Latin gemere “to sigh,” 
heave up the breast—{compare Scalze Gemoniz, 
“the Steps of Sighing”’ of the Clivus Capitolinus, 
leading from the Tullianum, or so-called Carcer 
Mamertinus, to the Forum, down which the bodies of 
executed criminals were dragged by hooks to be cast 
into the Tiber]—gemmare ‘to bud,” gemmatus 
“ jeweled,” ze., ‘‘budded all over,” geminare “to 
double,” and geminus “paired,” and the English 
gimbals, or pair of rings in which ships compasses 
are swung, gyves, or shackles, and O Jimini! z.e., O 
Castor and Pollux ! 

The objection to this etymology is that, besides 
camzeus, we have, with the same meaning, the Low 
Latin form of camaynus and camyx, and other equally 


* By some authorities it is stated that the word cameo 
is the Arabic camea “a charm,” but, so far as seeking 
for such a word in dictionaries goes, I have not been able 
to find it. Pliny, xxxvii, 11, 73, mentions a stone, cyamias, 
the “bean stone,” so named from its similitude to the 
fruit of Nelumbium speciosum, the Sacred Lotus of the 
Egyptians, and kuamos of the Greeks. Its beans bear a 
sufficient resemblance to the carnelian scarabs of the Egypt- 
ians and Etruskans, to suggest the possibility of Cameo, 
and the alleged Arabic word camea being formed, or partly 
ormed, from 4uamos_and cyamias. 


outlandish variants. But after gyves and gimbals, 
as cognates of gemma, why not camaynus and 
camyx, which are acknowledged to be identically the 
same words as cameus? I adventure to read 
Camaynus and camyx as ‘‘cameo on onyx.’ There 
is, therefore, no reason why the derivation of camzus, 
i.e., of Cameo, from gemma, should not be tenta- 
tively put forward, and kept forward, until it can be 
disproven ; and why the meaning of the word should 
not be extended, so as to generically cover the three 
varieties of artistic ‘‘ gems,” the raised, the sunk, and 
counter-sunk. Cameos, as specifically defined—that 
is restrictively regarded as anaglyphs— are minute 
reliefs, carved chiefly on agates—such as the onyx, 
and particularly the Sardonyx—formed of layers of 
different colours, so that the figure in one colour 
rises from a ground of another colour. But 
the term has long been applied to similar smal} 
carving on shell, in which the inner structure is 
differently coloured from the outer; and in fact 
to any tiny low relief of artistic character wrought 
on any hard enduring [non-metallic] substance such 
as lava, glass, and even peach stones. 

Tentatively accepting Mahn’s etymology, we should 
be able to classify all these charming little objets 
d'art in their natural correlation; and to get rid of 
all the present confusion of them with each other, and 
of the class of sculpture to which they all belong 
with other classes of artistic productions. We 
should then have Cameos = ‘‘Gems’’; and under 
this generic heading, A, Anaglyphs, estaglios or 
extails; B, Diaglyphs, intaglios or entails; and C, 
Dianaglyphs, or Coil-anaglyphs. The terms in 
italics are new coined, and ‘‘estaglio’’ and “ Diana- 
glyph ” would certainly be useful words; but extail 
is suggested merely to balance the obsolete English 
word ‘“‘ entail ” ; z.e., obsolete in the sense of Cameo. 
It is radically the same word as tally, tailage, tailor 
and tassel, and again text, textile, toilette and 
mantel; and the Italian tagliare ‘to engrave”; 
the Latin telum ‘‘a weapon,” tela ‘‘a weaver’s 
beam,” texter “a weaver,” and tignarius “a car- 
penter ” ; the Greek ¢ekton “a carpenter,” and techne 
“art”; and the Sanskrit zakshkan ‘‘a carpenter.” 

Tbis classification includes under the word Cameo, 
= “ Gemma,” the whole of Glyptics [Scalptura], as a 
subdivision with Statuary (Statuaria],—in stone, 
metal, wood, ivory,—of Sculpture [Sculptura], 
and entirely separates this art from decora- 
tive embossed, engraved, pierced, and damas- 
cened work in metal [Coelatura, doreutike]; except 
that statuary, glyptics, and decorative chiseling, 
hammering, and encrusting of metals, are all joined 
together as derivatives from Pottery. In the words 
of Pasiteles [Pliny xxxv. (12), 45]: —‘‘ Laudat [Varro} 
et Pasitelem qui plasticem matrem statuanz, 
scalptureeque, et cztaturee esse dixit.’ The very 
etymology of the words glyptics, carving, and en- 
graving indicates that the arts they denominate 
should not be confused. The word glyptics is the 
Greek gluptér, a chisel; and cognate with the Latin 


February 1, 1901.) 


glubere, “to chip off,” ‘to peel,” etc., and gluma, 
‘a husk”; the German 4é/oben, “anything cloven,” 
and the English clove [of garlic, not cloves, which 
= clou, ‘a nail’’], clover, Clough, etc. Carving, 
goes back to the Greek graphkeion, “a style,” “a 
pen’’; and is cognate with the Latin graphicus, 
‘* descriptive,” and grammatica, “grammar”; and 
the English programme, glomery [/.¢., grammar], 
glamour [grammar in the sense of magic], graft, 
carve, &c. Engraving goes back to an Aryan root, 
signifying to scratch, tear up, found in the Sanskrit 
geishti, a “boar,” literally “a tearer up,’’ “a 
grubber,” and ghor, terrible; the Greek charadra, 
a “ ravine,” charactér, a ‘ mark,” scratched, torn, or 
gashed, and Gorgo, the wrinkled Medusa: the Latin 
horror, ‘ bristling,” ‘‘ horrible ; ”?” the Spanish graba, 
“to dig,” “to engrave”; and our English ordure, 
Algernon, [2.¢., “hairy ”], grice [a pig], grisly, 
grave-[yard], engrave, &c. Strictly speaking, we 
ought to apply the term engraving to what we 
designate carving, and carving —etymologically work 
with the s¢ulos, stilus, or style—to what we call 
engraving. The transfers of the meaning of these 
two terms are due simply to confusion in the classi- 
fication of the objects they originally desi -snated. 

As I have dealt so much with etymologies I would 
add in conclusion that Mr. Cyril Davenport probably 
errs in deriving ‘‘sard”’ in Sardonyx without qualification 
from the Persian ‘‘ zard, meaning yellow ” [or green 
—for the word is cognate through the Greek with 
Chloe, chlorine, bile, and cholera; through Latin 
with jaundice; and through the Teutonic languages 
with green, grass, grow, golden, yolk, yellow, &c.]. 
Sard or Sardine -not the Sardinian pilchard—is 
the Greek Sardion and Sardeivs, meaning the Stone 
of Sardes; just in the same as Chalcedony means the 
stone of Chalcedon. But very few words have an 
absolutely unmixed etymology; and the Persian 
zard, as well as Sardes, may be latent in Sardonyx. 


GEORGE BIRDWOOD. 
23th January. 


MEETINGS OF THE SOCIETY. 


ORDINARY MEETINGS. 
Wednesday evenings, at Eight o’clock :— 
FEBRUARY 6.—‘‘Some Experiences of Motor 

Bicycles.” By JOSEPH PENNELL. Major H.C. L. 
HOLpbEN, R.A., F.R.S., will preside. 

FEBRUARY 13.—‘‘ Arsenic in Beer and Food.” 
By WILLIAM THOMSON. 

FEBRUARY 20.—‘‘Some Features of Railway 
Travelling, Past and Present.” By FREDERICK 
McCDERMOTT. 

FEBRUARY 27.—‘‘ The Outlook for the World’s 
Timber Supply.” By Dr. W. ScCHLICH, C.I.E. Sir 
WILLIAM THISELTON - DYER, K.C.M.G., F.R.S., 
will preside. 

MARCH 6.—“ Modern Artillery.” By LIEuT. 
ARTHUR TREVOR Dawson, late R.N. SIR 
BENJAMIN BAKER, K.C.M.G., will preside. 
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MARCH 13.—‘' The Proposed High-Speed ‘ Mono- 
rail’ between Liverpool and Manchester.” Fy F. B. 
BEHR. SIR WILLIAM PREECE, K.C.B., F.R.S., 
will preside. 


Dates to be hereafter announced :— 


“ Evolution of Form in English Silver Plate.” By 
PERCY T. MACQUOID. 

« Clocks, Carillons, 
JOHNSTON. 

“ Multicolour Printing.” By ELMER Z. TAYLOR. 

“ The Synthesis of Indigo.” By PROF. RAPHAEL 
MELDOLA, F.R.S., 

‘Recent Work on the Photography of Colour.” 
By Sirk WILLIAM ABNEY, K.C.B., F.R.S. 

“School Work in Relation to Business.’’. By 
Sır JOSHUA Fitcu, LL.D. 

‘© Patent Law Reform.” 
SIEMENS. 

‘‘ Testing Distant Vision.” 
CARTER, F.R.C.S. 

“The Use of Motors in War.” 
R. E. CROMPTON. 


and Bells.” By A. A. 


By ALEXANDER 
By R. BRUDENELL 


By COLONEL 


“ Servia.” By EVERARD R. CALTHROP, 
M.Inst.C.E. 

“Thames Steamboat Service.” By ARNOLD F. 
HILLs. 


‘ The Industrial Resources of Portugal.” 
BATALHA-REIS. 


By J. 


INDIAN SECTION. 

Thursday afternoons, at 4.30 o’clock :— 

FEBRUARY 14.—‘‘ The Greek Retreat from India.” 
By COLONEL Sır THOMAS HUNGERFORD HOLDICH, 
R.E., K.C.I.E., C.B., late Survey of India. The 
EARL OF HARDWICKE will preside. 

FEBRUARY 28 —‘‘ Railways and Famine.” By 
Horace BELL, M.Inst.C.E., late Consulting En- 
gineer to the Government of India for Railways. SIR 
JOHN WOLFE Barry, K.C.B., F.R.S., will preside. 

MARCH 14.—‘‘ The Growth and Trend of Indian 
Trade—A Forty Years’ Survey.” By HENRY JOHN 
Tozer, M.A. 

APRIL 18.—*“ Madras the Southern Satrapy.” By 
Joux DAVID REES, C.I.E. 

May 2.—“‘ Science in Ancient and Modern India.” 
By ProF. JAGADIS CHANDRA Bose, M.A., D.Sc. 

May 16.—“ The Town and Island of Bombay— 
Past and Present.” By L. R. WINDHAM FORREST, 
formerly Chairman of the Bombay Chamber of 
Commerce. 


The meetings of March 14, April 18, and May 2 
will be held at the Society of Arts; those of Feb- 


ruary 14, February 28, and May 16 at the Imperial 
Institute. 


COLONIAL SECTION. 
Tuesday afternoons, at 4.30 o’clock :— 
FEBRUARY 19.—‘‘ The Crisis in China—its Causes 
and Solution.” By JOSEPH WALTON, M.P. SIR 
EDWARD A. SASSOON, Bart., M.P., will preside. 
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APRIL 30.—‘‘ The British West Indies.’ By SIR 
NEVILE LUBBOCK, K.C.M.G., Chairman West India 
Committee. 

MAY 7.— 
Empire.” 
R.N. 


—“‘ The Coal Problem—its Relations to the 
By LIEtT. CARLYON W. BELLAIRS, 


APPLIED ART SECTION. 


Tuesday evenings, at 8 o’clock :— 

FEBRUARY 12.—“ Recent Advances in Pottery 
Decoration.” By WILLIAM BURTON. CHARLES 
H. REAn, Sec. S.A., Keeper of the Department of 
British and Mediæval Antiquities, British Museum, 
will preside. 

MARCH 5.—‘‘ Early Playing Cards and their Deco- 
ration. By RICHARD STEELE. 


MARCH 12.—‘ Some Eramples of Romanesque 
Architecture in North Italy.” By HUGH STANNUS, 


F.R.I.B.A. THomMas G. JACKSON, R.A,, will 
preside. 
APRIL 16.—‘“‘ Greek Vases, their Evolution of 


Form and Ornament.” By CECIL SMITH, LL.D. 

MAY 21.—‘‘ The Rise and Development of Egyp- 
tian Art.” By PROFESSOR W. M. FLINDERS 
PETRIE, D.C.L. 


CANTOR LECTURES. 
Monday evenings, at 8 o’clock :— 
J. LIBERTY TADD, “ Elementary Art Educa- 
tion.” Lecture IV., February 4. 


W. J. POPE, ‘‘The Bearings of Geometry on the 
Chemistry of Fermentaticn.’’ Four Lectures. 
February 11, 18, 25, March 4. 


MEETINGS FOR THE ENSUING WEEK. 


Moxpay, Fes. 4... SOCIETY OF ARTS, Jobn-street, 
Adelphi, W.C., 8 p.m. (Cantor Lectures.) Mr. 
J. Liberty Tadd, “Elementary Art Education.” 
(Lecture IV.) 

Farmers’ Club, Salisbury Hotel, Salisbury-square, 
E.C.. 6 p.m. Mr. C. S. Read, ‘‘ Pure Beer.” 

Royal Institution, Albemarle-street, W., 5 p.m. 
General Monthly Meeting. 

Engineers, in the Theatre of the United Service 
Institution, Whitehall, S.W., 73 p.m. Inaugural 
Address by the President, Mr. Charles Mason. 

Imperial Institute, South Kensington, S.W., 8} p.m. 
Mr. J. C. Hannah, ‘“‘ The Decay of China.” 

British Architects, 9, Conduit-street, W., 8 p.m. 
President’s Address to Students. 

Medical, rr, Chandos-street, W., 8} p.m. 

Victoria Institute, 8, Adelphi-terrace, W.C., 8 p m. 
Mr. E. J. Statham, “ Ancient Script in Australa a 

London Institution, Finsbury-circus, E.C., 5 p.m., 
Mr. A. Didsy, ‘‘ The Economic Future of Japan.” 

Biblical Archæology, 37, Great Russell-street, W.C., 
83 p.m. 

TurspAy, Fes. 5...Royal Institution, Albemarle-street, W., 
3p-m. Prof. J. A. Ewing, ‘‘ Practical Mechanics.” 
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Junior Engineers, Westminster Palace Hotel, S.W.. 
8p.m. Mr. A. H. Barker, ‘‘ Works Management.” 


Civil Engineers, 25, Great George-street, S.W., 
8 p.m. 
Zoological, 3, Hanover-square, W., 8} p.m. x. Mr. 


Oldfield Thomas, “The Mammals of the Balearic 
Islands.” 2 Dr. W.G. Ridewood, * The Structure 
of the ‘Bonnet’ of the Whale (Balena australis). 
3. Mr. G. A. Boulenger, “A List of the Bat- 
rachians and Reptiles obtained by Dr. Donaldson 
Smith in Somaliland in 1899.” 

Pathological, 20, Hanover-square, W., 8} p.m. 

Photographic, 66, Russell-square, W.C., 8 p.m. 
Mr. E. Marriage,“ Romanesque Architecture.” 

Wenpnespay, Fen. 6..SOCIETY OF ARTS, John-street, 

Adelphi, W.C., 8 p.m. Mr. Joseph Pennell, 
“ Some Experiences of Motor Bicycles.” 

Geological, Burlington-house, W., 8 p.m. r. Mr. 
Richard J). Oldham, ‘ The Origin of the Dun- 
mail Raise.” 2. Miss Igerna B. J. Sollas, ‘The 
Structure of the Rhzxtic Plant Naradita.” 

Archæological Association, 32, Sackville-strect, W., 
8 p.m. 

Obstetrical, 20, Hanover-square, W., 8p.m. Annual 
Meeting. 

Archeological Institution, Oxford Mansion, Oxford- 
street, W., 4 p.m. 


THuRSDAY, Fes. 7...Royal, Burlington-house, W., 4} p.m. 

Antiquaries, Burlington-house, W., 8} p.m. 

Linnean, Burlington-house, W., 8 p.m. Mr. H.M. 
Bernard, ‘‘The Necessity for a Provisional 
Nomenclature for those Forms of Life which can- 
not be at once arranged in a Natural System.” 

Chemical, Burlington-house, W., 8p.m. 1. H. J.H. 
Fenton and Mildred Gostling, ‘The Action of 
Hydrogen Bromide on Carbohydrates.” 2. * Note 
on a Method of Comparing the Affinity Values of 
Acids.” 3. Mr. R. M. Craven, ‘‘ Organic Deriva- 
tives of Phosphoryl Chloride.” 4. Dr. A. W. 
Titherley, “ Synthetical Work with Sodamide 
Derivatives.” 

London Institution, Finsbury-circus, E.C., 6 p.m. 
Mr. Budgett Meakin, ‘‘ The Moorish Empire.” 

Royal Institution, Albemarle-street, W., 3 p.m. 
Rev. Henry G. Graham, ‘Society in France 
before the Revolution.” (Lecture I.) 

Civil and Mechanical Enginesrs, Hotel Victoria, 
Charing-cross, W.C., 8 p.m. Mr. M. Mawson, 
“ A Description of the Staines Reservoir Works.’’ 


Fripay, Fep. 8...Royal Institution, Albemarle-street, W., 
8 p.m. Weekly Meeting, 9 p.m. Prof. G. H. 
Bryan, “The History and Progress of Aerial 
Locomotion.” 

Mechanical Engineers, Storey’s-gate, St. James’s- 
park, S.W., 8 p.m. Adjourned Discussion on Mr. 
Humphrey’s paper, ‘‘ Power Gas and large Gas 
Engines for Central Stations.”’ 

Astronomical, Hurlington-house, 3 p.m. 
Mecting. 

Geologists’ Association, University College, W.C. 
8 p.m. Address by the President, “Twelve 
Years of London Geology.” 

Junior Engineers, Westminster Palace Hotel, S.W.. 
8p.m. Mr. L, F. Awde, “ Electric Power Supply 
in the Metropolis.’’ 

Clinical, 20, Hanover-square, W., 8} p.m. 

Physical, Chemical Society’s Rooms, Burlington- 
house, W., 5 p.m. 1. Annual General Meeting. 
Address by the President. 2. Prof. R. W. Wood, 
“ A Mica Echelon Grating.” 

SATURDAY, Fen. 9...Royal Institution, Albemarle-street, 
3p-m. Mr.F. Corder, ‘Vocal Music, its Grouti 
and Decay.” (Lecture I.) 
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All communications for the Societ, should be addiessed bv 
the Secretary, Fohnu-street, Adelphi, London, W.C. 


Notices. 
a N 
INDIAN SECTION. 


POSTPONEMENT OF MEETING. 

In consequence of the opening of Parliament 
by the King having been fixed for the 14th 
instant, the meeting of the Indian Section of 
the Society, announced to be held at the 
Imperial Institute on the same day, has been 
postponed till a later date. 


CANTOR LECTURES. 


On Monday evening, 21st inst., Mr. J. 
LIBERTY TADD delivered the last lecture of 
his course on ‘‘Elementary Art Education.” 
On the motion of the CHAIRMAN, a vote of 
thanks was passed to the lecturer. 

The lectures will be published in the Fournal 
during the summer recess. 


LIST OF MEMBERS. 


The new edition of the List of Members of 
the Society is now ready, and can be obtained 
by members on application to the Secretary. 


COVERS FOR JOURNAL. 


For the convenience of Members wishing to 
bind their volumes of the Fournal, cloth 
covers will be supplied post free for 1s. 6d. 
each, on application to the Secretary. 


Proceedings of the Society. 
PEIE st 
EIGHTH ORDINARY MEETING. 
Wednesday, February 6th, 1901; Major 
H. C. L. HOLDEN, R.A., F.R.S., in the chair. 
The following candidates were proposed for 
election as members of the Society :— 
Body, Charles Ash, The Cedars, Sydenham-hill, S.E. 
Catoni, Augustine, H.B.M. , Vice-Consul, Alex- 
andretta, Turkey. 


Cave, Henry W., M.A., Claremont, Nuwara Eliya, 

Ceylon. 

Cooper, J. Bruce, Delapré Abbey, Northampton, and 

Burley, Hants. 

Datta, Apurba C., Jubbulpore, Central Provinces, 

India. 

Dixon, Captain Richard T., R.E., Langdown Firs, 

Hythe, Southampton. 

Forshaw, Charles Frederick, LL.D., D.Sc , 48 Han- 
over-square, Biadford. 

Harbord, Philip, J.P., Lamas Hall, Norfolk. 

Maclure, Frank, 38 Walbrook, E.C. 

Morton, William Scott, the Tynecastle Company, 14, 

Rathbone-place, W., and the Cedars, Highgate, N. 
Richter, Charles Augustus, the Bath Cabinet Makers’ 

Company, Limited, Bath, and Newbridge Hill- 

lodge, Bath. 

Roberts, Henry, St. Catherine’s Priory, Guildford, 

Surrey. : 
Spink, Charles F., Messrs. Spink and Son, 17 and 18 

Piccadilly, W. 

Tooker, Hugh Pollock, Public Works Department, 

Hong Kong, China. 

Twentyman, J. R., Messrs. S. C. Famham, Limited, 

Shanghai, China, 

Wallis, Henry R., H.B.M. Vice-Consul, S. Nyasa, 

British Central Africa Protectorate. 

Waterhouse, Alfred, R.A., LL.D., 20, New Caven- 

dish-street, Portland-place, W. 

Wyness, James, The Indian and Eastern Engineer, 

14 Clive-street, Calcutta, India. 

Yeats, George Malcolm, the Malvern Crystal Ice 

Company, Cromwell-road, Malvern Link, 

Yew, Cheah Choo, 44 Muntri-street, Penang, Straits 

Settlements. 

The following candidates were balloted for 
and duly elected members of the Society :— 
Bodilly, Reginald Thomas Hacker, Woedbury, 

South Woodford, Essex. 

Fagan, Patrick James, Hoshiarpur, Punjab, India. 
Mathuradas, Thakurdas, Surat, India. 
Murray, Echlin Francis, care of H. S. King and Co., 

65 Cornhill, E.C. 

Meyer, William Stevenson, United Service Club, 

Calcutta, India. 

Summers, Henry Robert, 1 Woburn-square, W.C. 
Talati, K. E., 75 Dhaboo-strect, near Nul Bazar, 
Bombay, India. 


The paper read was— 


SOME EXPERIENCES OF MOTOR 
BICYCLES. 


By JOSEPH PENNELL. 


On several occasions I have listened in this 
room to papers on cycles and motors; for the 
Society of Arts has always discussed any 
movement, invention, or improvement whether 
it be only the affair of the moment or the 
radical change or development which shall 
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endure for all time. But often as I have 
listened to these papers I have always felt that 
they have been invariably contributed by the 
inventor, the manufacturer, or the expert— 
never by the mere cyclist or motorist, the 
rider, the man for whom the machine was made. 
Now in certain professions and crafts, and 
trades too, the mere presence of the amateur, 
the client, or the consumer, is an impertinence, 
his criticism an unwarranted intrusion ; it is so 
in my own, but in cycling or motoring, the 
machine is made primarily for our use—not 
solely for the manufacturer’s or inventor’s 
profit or pleasure. And it seems to me high 
time that we, the users, even if not engineers or 
scientists, had more voice in the matter. And 
it is from that point that I would approach the 
subject. I do not for one moment mean to 
suggest that the rider should dictate to the 
maker the sort of steel he should employ, how 
he should make the bearings, stay the frame, 
or build the motor. These are technical matters 
only to be settled by technical experts, but we 
know—those of us who have ridden for a 
quarter of a century—that often the expert is 
far from being a practical man. We know it 
by the endless faults in construction and fitting 
which prove that the maker never did what his 
customers wish to do: ride his machine five 
hundred miles straight away. And if perhaps 
it breaks down, breakdowns are always—we 
have learned this—the result of our own 
carelessness and ignorance. 

Still after thirty years of continuous struggle, 
mostly misdirected, cycles have arrived, mainly 
through our misery, at that stage when, if 
bought from a good firm, they should not 
break down, though the chances are the 
British workman will put the cranks.on wrong, 
screw up the bearings too tight, leave the head 
loose, and forget a lock-nut or two, because— 
well, because he is the British workman. 

Now the motor industry is in exactly the 
same condition that the cycle trade was thirty 
years ago—it is all experimental—all in the 
future ; and though the manufacturer of cycles 
was hampered by the expert, the journalist, 
the racing man, the maker of motors is 
hampered by these and a legion more--the 
engineer, the electrician, the county councillor, 
the crank, the company promotor, the carriage 
builder—the question of cash, the question of 
caste, and the question of speed. 

The beauty of the cycle is its simplicity— 
compactness, lightness, cheapness. The 
terror of the motor is its complication, bulk, 
weight, expense. After the worst smash we 
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can put the bicycle on our shoulder and trudge 
off with the remains—we must take a skilled 
engineer along on a motor-car to repair the 
slightest damage, or guard the wreck while we 
hunt up a team, to dragit away, if anything 
serious happens. To fall off a bicycle is a fine 
art, to fall out of a motor-car is ignominious 
unless fatal. But if one could have a motor- 
bicycle that would be another thing, a 
machine, light as an ordinary safety, yet 
swift as the fastest train, a machine to take 
one up hills without work, and against the 
wind, with delight, and bring one to the end 
of a long day’s ride refreshed. That would be 
the ideal motor, the one I am looking for, and 
sometimes think 1 have nearly found, but 
between perfection and the present state there 
is a great gulf fixed. Once you have learned 
the cycle—though few do really learn to ride it 
—all is easy, but the most expert are never 
sure of the simplest motor, and until the 
motor-bicycle is far more simple than at 
present, the safety will still drag on. 

At the present time which marks the coming 
of the motor bicycle, makers, that is those 
who have condescended to consider the sub- 
ject, are divided as to whether they should 
build machines of which the motor is a part, or 
build a motor to fit ordinary bicycles. I think 
roughly the division might be as follows :— 

Those specially built as motors. 

Those to which a motor may be attached. 

And those which will run and those which 
will not. 

I have no intention of giving a history of the 
invention of motor bicycles, I will only say that 
of Daimler, 1885, according to Mr. Beaumont, 
is generally called the first, though numerous 
steam bicycles and other self-propelled ma- 
chines were spasmodically made at various 
times before. Probably there will be the same 
confusion as in the case of the safety, and 
certainly the Starley of motor cycles has not 
yet “set the fashion to the world.’ The 
Daimler was in theory rather like some 
modern machines, but whether this or any 
of the other he refers to will run, Mr. 
Beaumont in his monumental treatise on 
Motor Vehicles and Motors never explains. 
Pages are given to theory and construction, 
but only one line to results. 

The next is Wolf Miller’s, 1895, then De Dion 
put his motor on a bicycle frame without 
pedals, and seemed overcome at what he had 
done and ceased todo so. Messrs. Shaw and 
Son, and Messrs. Baines have taken up this 
-dea. Messrs, Baines lay great stress on theif 


February 8, 1901.] 


JOURNAL OF THE SOCIETY OF ARTS. 


183 


friction gear, whichmay be, if it works, excellent. 
But the characteristic feature of these crank- 
less pedal-less machines is, that sometimes the 
happy possessor does as much running along- 
side trying to start and then get on them, as 
riding ; one man has assured me that he ran 
half-way to Brighton, failed to mount, and 
then took the train the rest of the distance. 
Briefly, no motor bicycle not fitted with cranks 
and pedals is worth anything as a touring 
vehicle. They are not motor bicycles but one 
track carriages. As for the other types, I wish 
to show them on the screen, and ask those who 
have ridden them for their experiences. 

The Werner is built like the common safety, 
though somewhat longer in the wheel base, 
with a greatly strengthened frame. But it has 
an iron bracket over the front wheel, to which 
is bolted firmly a little engine of the well-known 
De Dion type,J nominally 1} horse-power, but 
I wish it, and all others could be tested. 
This engine is driven by oil—jfefro/—and 
electricity. But the Werner, unlike almost 
all forms of motor cycles, has its engine in 
front, and almost alone drives the front wheel 
by means of a belt carrying the power from a 
small external pulley wheel to a rim, riveted 
to the rim of the front wheel. Belts are almost 
universally used instead of chains, though 
some of the very long belts must be most 
dangerous. It would be interesting also to 
ascertain whether chain or belt is better for 
transmitting power. It took not ten miles of 
riding to discover the advantage of front driving, 
and also the one great disadvantage. I had 
ridden my quadricycle and other people’s tri- 
cycles over some of the best roads in England. 


But I returned from every one of those 
rides almost in a state of nervous col- 
lapse. The explanation is simple. Both 


the bicycle and my quadricycle were fitted 
with tyres of exactly the same size, about 
two and a half inches. The saddle on the 
quadricycle was far more comfortable, larger, 
and easier than that on the bicycle. The 
quadricycle, one might think, should then have 
been the easier riding machine. So it would, 
had it not been fitted with a motor. But, on 
almost allforms of motorcycles, savethe Werner, 
the Ducommon, and the Century Tandem, the 
engine is either underneath or behind the 
driver. The consequence is that, to the vibra- 
tion of the road, is added the shock of the 
piston, or the explosion, when the engine is 
working. Those of us who rode the old form 
of ordinary bicycle, fitted with a solid tyre, 


jolting of the little wheel on a rough road, 
which was communicated to the spine through 
the long back bone. But this vibration was 
nothing to the incessant thumping of a two 
and three-quarter horse-power engine, really 
hung on to the end of one’s spinal column. 
The late Sir Benjamin Ward Richardson 
first pointed out the dangers of vibration on 
an ordinary bicycle. On a motor tricycle they 
are a thousand times increased. But on my 
first day’s ride on the Werner, after all the 
hammering over the paving at a rate which 
no ordinary bicycle would have stood, and 
after some very rapid riding for a few miles, I 
felt no inconvenience. Again, from the 
mechanical point of view, I never heard of 
anyone who put a horse behind the cart, ora 
locomotive engine at the back of the train, and 
yet this has been done by the makers of almost 
all motors. By placing the motor over the 
front wheel, the vibration is not communicated 
directly to the driver. The only place where 
it is felt is in the fingers, when the machine is 
going at a high rate of speed and the handles 
are tightly held. But this is nothing in com- 
parison with the fact that the bicycle is pulled 
by the motor and not shoved by it. The great 
disadvantage is the tendency to side slip on 
grease because of the direct drive. There is 
no smell, at least the rider does not notice it, 
if the motor is running properly. While— 
greatest advantage of all—the entire motor and 
its mechanism is in sight, and all taps and 
switches may be worked without taking one’s 
hands off the handles. 

I may say that, save the Werner and 
Lamaudiere, I have never seen any motor cycles 
onthe road, and save the Werner, I have never 
heard of one that has been ridden 100 miles 
straight away, and until I have done at least 
that distance, or heard of some one else who 
has, I prefer to say nothing about any 
machine from the practical standpoint. I 
determined this spring to try a motor bicycle, 
and I did what, I venture to say, any inde- 
pendent, uninterested person would do—had a 
trial, a very perfunctory one—though I was 
offered another—of the Werner, because, and 
because only, this.machine I knew had been 
ridden between 125 and 140 miles in about 54 
hours. That was a practical test, and I could not 
find one other machine that had ever been 
ridden more than 6o miles straight away on the 
road, though almost all have been puffed in 
the Press, often the result of rides, if 
any were taken, of a few miles or minutes. 


knew and felt the bad effects caused by the | Į therefore ordered a Werner to be de- 
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livered to me in Paris. I went over, saw 
it, endeavoured in a couple of days to learn its 
mechanism, as I wished to ride from Paris to 
Dijon—thence to Lyons, Marseilles, Mont- 
pellier, Toulouse, Bordeaux, Nantes, Tours, 
Orleans, and Paris; somewhere about 2,500 or 
3,500 kilometres. I don’t believe even the 
makers thought I could do so; probably I had 

more confidence in myself and the motor than 
` they had. Still I did get by road and steam- 
boat from the Porte Maillot to Charenton, and 
then I started riding—it was a new sensation 
sitting easily on the cycle, and sailing along 
doing no work, but it only lasted a little while, 
for coming off the side path at Villeneuve St. 
Georges’, the machine suddenly stopped. Now 
if you are an engineer, or electrician, or even 
really understand a motor, such a stoppage is 
a mere matter of course, caused most likely 
by a drop of oil, a broken wire, a trembler 
which wants adjusting; but on your first 
motor ride that molecule of oil, if I may say so, 
is liable to become a mountain of misery, for 
if you do not find the drop of oil, you cannot 
as a motor make the bicycle run. I thought 
the engine wanted more oil, and I opened my 
big lubricator, and could not shut it, with the 
consequence that when I did start again, the 
oil first squirted out, it seemed to me, from 
everywhere, and then began to burn; never in 
my life did I see, feel, or smell such a mess! 
A few hundred yards did for the machine. I 
wasn’t going back, so I pulled the driving-belt 
off and pedalled—if there had been no pedals 
I should have walked—into the town of Melun, 
or rather, to the top of the hill outside it, and 
then the brake smashed, and if it had not been 
that I could put my feet to the ground and so 
stop my odoriferous steed, I might not have 
been here—certainly, the machine would have 
been in an even worse plight. Twenty-five 
miles is not a long day’s ride on a bicycle, but 
it was a long and most fatiguing day on that 
motor. There seemed to be little left of the 
machine, there was less left of my clothes, and 
nothing left of my nerves. 

It may be said that I have now completely 
demolished my own argument, that the break- 
down was caused by my ignorance, but that is 
not so, the accident was altogether caused by 
bad fittings, and a proof of this is that the 
makers have now discarded or changed them. 
True I did not know enough to remedy their 
mistakes. My machine came back in the train 
for a few sous (the lightest tricycle would have 
cost many francs), accompanied by a mad 
owner, for I had learned in Melun that it would 


take a day to repair, and there were other 
defects in the cycle parts which simply dis- 
gusted me with motor bicycles. The makers 
offered to put everything right, but the more I 
saw of the bicycle the less I liked it, and so to 
get rid of me they gave me my money back, at 
least a good part of it. My tour was finished 
on a safety. I have been told that this ex- 
perience and my subsequent ones but prove the 
excellence of the oil motor. They do. But 1 
should like to point out that until oil, electric, 
or steam motors are so constructed that the 
average man may run them they will never be 
practical or popular. So long as motors can 
only be driven by trained experts they will be 
of little real use, and so long as almost all 
tours are made by interested persons, backed 
by engineer, railways, and share parts, they are 
of little practical value. But my experiences 
are those of an untrained tourist—who since 
has really and alone done what he set out to do 
on a motor, absolutely unaided. 

At the present moment, the majority of 
cyclists are unaware that such a thing as a 
motor bicycle exists; at any rate that it is 
practical, and so far I have given little evi- 
dence to that effect. Still as I have said I 
bought a motor bicycle, and the next day 
smashed it. There was not a friend, not a 
maker of motor cars or tricycles, not an agent 
who did not tell me that I got what I deserved 
for attempting to ride such a thing, that I was 
lucky to escape without breaking my neck. 
For a while I believed, then I reflected that I 
had heard much the same warnings and 
wails from horse owners when learning the tall 
bicycle. 

There certainly were defects in the machine 
I had, and these, together with my ignorance 
of how to repair the slightest mishap, brought 
me to grief very suddenly. So I gave up the 
bicycle and got a quadricycle. Of this 
machine, I shall only say that, after about a 
hundred miles of riding, it was always in the 
repair shop. Toacertain extent, I have no 
doubt this was my fault. Probably, at the 
present time, I could manage it with little 
difficulty. But it quickly became evident that 
for my purpose, and I believe for hundreds of 
thousands of riders, the motor bicycle is far 
better than any other form of self-propelled 
vehicle. 

I live in a flat. Although a motor bicycle 
and three ordinary machines of my own, and, 
frequently, as many more belonging to people 
living in the same house, are stored in a single 
room, it woyld be impossible to get the mast 
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compact form of motor tricycle into that room. 
Therefore a stable must be hired, or stabling, 
somewhere outside. This alone, with its 
attendant expense, will prevent vast numbers 
of people from taking up any form of motor 
except the bicycle. Then I found that, if I did 
not wish to ride the bicycle to my own door, I 
might either put it on a cab, wheel it by hand, 
or pedal it like an ordinary machine while I 
could take it in the train at the same rate as 
the safety. And scarcely any of these things 
could I do with any other form of motor. This 
machine has broken down. Instead of hiring 
a horse, as I had been obliged to, with my 
quadricycle, to get it to the nearest station, I 
threw the motor completely out of gear, and 
on one occasion pedalled the bicycle without 
hard work for twenty-five miles. To the critic 
these may seem merely the advantages of dis- 
advantages and no proof that the motor bicycle 
is worth anything. But they had considerable 
weight with me, for I am not a practical 
engineer. I see no fun in sitting by the road- 
side tinkering at a repair for hours. I should 
never think of mending even a puncture if I 
could get somebody else to do it for me, anda 
puncture is almost the smallest evil that can 
happen toa motor. And I did want a motor 
that I could keep at home in the busiest part 
of London. So I went over to Paris and 
bought a second Werner bicycle, and I made 
up my mind to give two weeks at least 
of my time to it, and if possible to make a 
long tour on it. First, I looked all over the 
Exhibition for a better machine, but failed to 
find it. 

I started again, on the last Saturday of last 
August, from Paris for Dijon. - Nearly four 
hours were spent in getting to Charenton and 
the suburbs, and nearly the whole day was 
over before I was off the paving which sur- 
rounds the city. I could have ridden an 
ordinary safety further, as on the first occasion, 
in the same time. But any one who thinks a 
new motor bicycle may be mounted and ridden 
straight away will be disappointed. Even after 
it has been mastered there are endless details to 
become familiar with; but continuous attention 
to detail and unending patience are necessary 
for the successful driving of any motor. The 
next morning I was left completely to myself. 
The engineer who had started with me was 
gone. 

I had lots of trouble on the first and second 
day, but I conquered all but one of my diff- 
culties, and that was as usual really nothing 
but a drop of oil. But when the machine 
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refused to go—and it must be remembered that 
if the driving belt is in place and it will not 
run, you cannot pedal it, you cannot work 
against a one -and -a -quarter horse - power 
engine—I simply slipped the belt off and 
pedalled a distance of five miles at the rate of 
seven or eight miles an hour and had the 
repair, perfectly trivial, made in a few minutes. 
This would have been absolutely impossible 
with the lightest tricycle in the time. 

It was on the second day, from Villeneuve- 
sur-Yonne to Dijon, that I was to find out how 
the machine would go, for I knew the excel- 
lence of the road. I got it out of the hotel 
dining-room. I must say I fear the casual in- 
quisitive person, with his eyes at the end of his 
fingers, more than paving or even the greasiest 
mud. One silly fool will come nearer to 
wrecking a motor by deranging the delicate 
mechanism, than a month’s hard riding. I 
must admit to my great surprise, the machine 
started without any trouble. I had not gone 
five miles, however, before down came the 
tyre—a puncture. A punctured tyre, though I 
believe terrible on a motor car, is nothing 
much on a motor bicycle. I bumped 
along to the nearest repairer’s. Unless the 
tyre is quite flat you can ride well enough. 
That was mended. Another start. It would not 
start. Everything apparently, all right. There 
was oil on the trembler. Five minutes’ work 
at the wires with a rag, and it was off again at 
a terrible rate, that almost frightened me, for 
the road was perfectly straight, perfectly good, 
and the wind behind. Then click, and one of 
the wires was staring right up in my face, 
broken in half. I either had to fix it—I had, 
of course, some insulated wire—or pedal. 
In three minutes I did repair the 
damage, and my repairs have lasted ever 
since. While I was at work a nice, pretty, 
little voiturette drove by, two people in it, bags 
on the front seat, so comfortable, so charming. 
The repair was made at the 17th kilometre 
stone from Tonnerre. Could I catch that 
voiturette, now out of sight with about a 
minute’s start, in 17 kilometres, 108 miles ? 
The patronising contempt on the faces of the 
two begoggled and be-leathered gentlemen in 
the voiturette when they passed me became 
supreme disgust when I tore by them five 
minutes after, and ended by covering the 1ogth 
miles in twenty-five minutes. To get about 
25 miles an hour out of a brand-new motor- 
bicycle was not so bad. Very few automo- 
biles would do it under any circumstances, 
and yet I unaided, who then undetstood 
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scarcely anything about the machine, suc- 
ceeded, and with no great effort. The old 
cyclist will say he does not care to ride so fast; 
never having tried it he does not know. It is 
dangerous the authorities, pedestrians, and 
drivers say ; so it might be for them if they got 
hit. But the motorist, unlike all other road 
users, has perfect control of his carriage and 
does not hit careless, stupid, or piggish people. 
If, according to our present ideas, the speed is 
excessive, in a year or two we shall have 
revolutionised our ideas. 

If you have covered, as I did that day be- 
tween eight and four o’clock, some 200 kilo- 
metres you will find a pleasure in rapid motion 
that you had never imagined. I also hope, how- 
ever, you will not as I did just as I had covered 
my 200 kilometres, suddenly land in one ditch, 
with your bicycle in another. I had had two slips 
in Paris on wet pavements and on rails. But 
they were nothing. To discover myself in the 
gutter, and the machine on its back in the 
hedge, was somewhat different. However, I 
was not killed. The machine came off worse, 
for, although only a lubricator was broken, its 
insides were so badly deranged that the motor 
would not run. In sucha case, a car would 
probably have had to be lifted on to a van and 
carted away. I pulled off the driving belt, and 
pedalled to the next town, put the machine in 
the train, and in an hour was in a repair shop 
at Dijon. Two hours after the whole thing 
was all right. Even my trousers had been 
mended, and sticking plaster was doing its best. 
My fall, which was serious, and might have 
been more so, was the result of the one defect 
in the machine. The front wheel being driven 
runs in a straight line, hence there is greater 
liability to side slips, and horribly sudden ones. 


But a careful rider need fear little from this, 


the only danger. If the road is covered with 
half dried grease, on which an ordinary safety 
will slip, the motor must be stopped and the 
machine pedalled. In deep mud and stones it 
shows no tendency to come down. But where 
an ordinary safety slips, the Werner also slips, 
and at times much worse. However, in some 
2,000 miles of riding, I never had another bad 
tumble. The danger is minimized to a great 
extent because the saddle is so low that the 
fect can be placed on the ground and you can 
stand up with the machine quite vertical 
between your legs, and so hold it, and you must 
be able to do this on every motor bicycle. 
Though I had ridden from Paris, 350 
kilometres, I do not think a single person 
in Terrot’s Motor Works (where the re- 
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pairs were made) believed it, and they 
offered all sorts of wagers that I should 
never get tothe Alps. I had had no hills to 
climb ; wait till I got on them! They had a 
motor bicycle; it would not run; it was no 
good. I do not suppose the fact that they 
were building tricycles to sell at 1,800 francs, 
when the bicycle costs goo, had anything to 
do with it. But, somehow my machine did 
go. It did climb the long hill out of Auxonne 
and then up and down through Dole into 
Salins, where it stopped, and I could not 
make it budge. I know now that the com- 
pression tap was loose and leaking, that it 
only wanted the turn of a screw. But if you 
don’t know these things, you have got to 
learn them. Back in the train to Dijon, 
and I did learn this, though it cost me a 
certain amount of money and a half- day. 
Then over the same road, to Dole and Salins 
and it stopped again, in the very same town, 
in the very same place. It was ten in the 
morning, and for hours, I, and everybody 
else who had a motor, or who had a friend 
who had one, or who thought he had ideas, 
tinkered at it, and not one of us knew that, no 
matter how good your motor may be if your 
battery falls below 3 volts 8, it is time to get to 
pedalling. I had been told that the engine 
would run when the accumulators had fallen 
much lower than this, but it will not. Just as 
we got to the end of things, a commercial 
traveller arrived on a 6 horse-power car. He 
at once said ‘‘ Electricity,” and told me to try 
the battery again. In an hour it had fallen 
2 volts, and had completely discharged itself. 
I telegraphed to Paris. Three days waiting. 
For I did not even know at the time that I 
could have pedalled away to Besancon, some 
25 miles off, and had the batteries recharged, 
or even put it on the Scottie train which runs 
there. 

Five minutes after the batteries had come 
the machine was going perfectly well; so well, 
in fact, that I cleared out the commercial 
in his 6 horse -power car on the seven 
kilometres hill (42 miles) that climbs from 
the town of Salins to the top of the Jura. 
This was a proof not only that the cycle 
could climb hills, but of what it could do in 
comparison with cars. At the recent hill- 
climbing competition at Gaillon the Werner 
beat 31 out of 37 contestants, being beaten by 
three cars and three tricycles. The fastest 
time for a 10-horse power tricycle was 55 
seconds for one kilometre; fastest car, 30 h.p., 
I min. 27 secs.; Werner, 1}h.p., 1 min. 48 


February 8, 1991.] 


JOURNAL OF THE SOCIETY OF ARTS. 


187 


secs. Most cars will climb hills, the surface 
of which is very bad, at a slow rate, better than 
the motor bicycle, for owing to its lightness, if 
the road is very rough, the carburation is upset 
by the jolts and the bicycle will stop, and it 
could not be started again, that is last year’s 
model, without great difficulty. But on a 
hill where there is a strip of good road or a 
side path, I have never yet seen any car or any 
type of motor cycle that could hold it. It will 
mount hills without the least bit of pedalling, 
but by pedalling you can double its speed, 
with none of the fatigue necessary to work an 
ordinary bicycle; you only aid the motor, 
you cannot drive the machine. On this trip 
I rode up every hill I came to in France 
save one at Maromme, near Rouen, which 
I could have climbed easily if I had not got my 
explosive mixture wrong when half-way up. 
From Pontarlier the road was more or less 
down all the way to Lausanne, reached in 
about twenty-four hours’ riding time from 
Paris (525 kilometres). After Lausanne there 
was no trouble; up the Lake of Geneva and 
the Rhone Valley to Brieg (150 kilometres), 
and the only excitement, save the crowd of 
curious who surrounded the machine whenever 
I stopped—no motor bicycle had ever been 
seen—was the attempt to use benzine, pur- 
chased at the chemists and doctors instead of 
petrol. Whether it would burn, carburate or 
blow up, I was not quite certain. But I found 
at once that it produced the best explosive 
mixture I ever had. At Brieg an engine- 
driver lent me enough lubricating oil—mine 
gave out—to take me to Goeschenn. Then 
I began to climb the Furka Pass, the thing 
I had come out to do. This road, from 
Brieg to the summit, is about 60 kilometres, 
and it rises about 5,500 feet in that dis- 
tance. With the exception of three sets of 
zigzags, where the surface was very bad, I 
rode the whole way. I do not think that, at 
any point, the gradient was so steep that the 
machine could not have been driven up it. But 
the zigzags were so acute, and the surface so 
much ploughed up by the heavy traffic, that it 
was impossible. A car probably could have 
got up, though it might be noted that motor 
cars at present are not permitted to cross the 
Swiss passes. The summit, which I eventually 
reached by riding, shoving, and carting is 
7,990 feet. On coming down the Furka an- 
other peculiarity of the bicycle became evident. 
So long as the motor is in action it is easy to 
control the machine on a hill, that is so long as 
the driving belt is on. But having thrown this 


off it was impossible to hold it, as no ordinary 
brakes will keep in the machine on a steep hill 
owing to the great weight, unless the motor is 
working. However, I got down to Hospenthal 
without too much trouble, up and down the St. 
Gothard to Andermatt and rode in half a day 
to Lucerne, or would have done so if a few 
miles before that town the switch handle had 
not broken, I was unable to fix it and there 
was no repair shop at Lucerne, so I was com- 
pelled to take the train back to Paris. 

From Paris the run was made to London in 
thirteen hours. On the way I incidentally 
learned just how far my supply of petrol would 
carry me over good roads. I covered the 
distance from Paris to Les Andelys, about 100 
kilometres, with one charge, the cost for 
which was less than a farthing a mile. And 
the end of the run in France and the beginning 
of that in England were marked by very fast 
time. From Totes to Dieppe, 22 kilometres 
were done in about 35 minutes; the whole 
distance, Rouen to Dieppe, 54 kilometres (39 
miles), in an hour and a half, but the first part 
is very bad, and I had some bad petrol. From 
Newhaven to Brighton, seven miles in 15 
minutes, over excessively hilly road. All the 
hills from Newhaven to London were ridden, 
including Reigate, 

Since this trip was made, I believe the 
longest ever attempted, and certainly more 
severe than the tests in the Paris Exhibi- 
tion, in which the Werner came out first, 
I have ridden through the English Lake 
country, over part of the route covered by 
the Automobile Club on their recent 1,000 
miles trial. My small machine got up and 
down the two passes, over which the big cars 
made a great fuss, with comparatively little 
difficulty. But these passes—they are really 
only big hills—Shapfell and Dunmail Rise, are 
more severe than Alpine passes because the 
gradient is by no means so easy and so uniform 
as that of the Swiss roads. In fact, it is more 
dificult to ride a motor bicycle in England 
than on the Continent. On the small motors, 
with every change in atmosphere, every rise 
or fall of 100 feet, every passage from light to 
shadow, or from cloud to sunshine, the driver 
must change his explosive mixture. He must 
be ever on the alert, for if the motor stops on 
a steep hill, it is almost impossible to start it 
again. Still, I did ride the machine in England 
for some hundreds of miles through the lake 
country in the most atrocious weather and 
over the most abominable roads. Wind and 
rain are also considerations. A continued 
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rain may produce short circuiting, it has, 
however, only happened to me once. But 
the wind is another matter. A steady head 
wind may slow down the motor a few miles an 
hour, and this you can counteract by easy 
pedalling, without fatigue; indeed if the wind 
is cold the pedalling is comforting, as it keeps 
one warm. But a side wind that can get at 
the air tap is very worrying, sometimes almost 
stopping the motor. The same thing happens 
also on gusty days. But an ordinary strong 
head wind, just the sort cyclists dread, has 
little effect on the motor bicycle. 

I am so satisfied with the motor, after a 
couple of months’ trial, that I should never 
think of returning to the ordinary bicycle for 
touring, even in England, where one has to 
arrange one’s trip to suit the dealers in petrol. 
I do not mean, and I do not wish it to be under- 
stood, that I think the Werner or any other 
motor bicycle on the market is perfect. On the 
contrary,I think the Werner as nearly resembles 
the motor bicycle which we shall have in a few 
years, as the bone-shaker of 1870 resembles the 
safety of to-day. But, on the other hand, I can 
honestly say that so far as I know, or can find 
out, it is the only practical machine yet put on 
the market in Europe. But to settle this, and 
prove what can be done with the motor bicycle, 
under favourable conditions, I propose to sug- 
gest to the A.C. that a special class be devoted 
to them in this year’s 1,000 miles trial; or, 
better still, that this Society should arrange 
tests. Many persons have asked me if such 
a cycle is easy to ride. As an old cyclist, 
I should answer ‘‘yes.’’ But I must add 
that it needs an extremely cool head and 
a good deal of presence of mind. Although 
the brakes are powerful enough to stop the 
machine and will stop it if the current is 
switched off, if going at full speed, 30 to 35 
miles an hour, the rate of a railway train, you 
may not stay on. For the first two or three 
days you feel as if you were being continually 
run away with. But the speed can be so 
reyulated that you may drive through traffic 
at the rate of some three or four miles an 
hour. While starting and stopping in crowded 
streets is easier than on a tricycle or quad, 
side slip is a danger, but, personally, I doubt 
if it is much greater than on an ordinary 
machine, especially if due care be taken, 
and I believe the serious accidents to 
drivers of motor cars and cycles come also 
from side slip, skidding on bad roads. 
A large number of minor improvements 
should, and probably will be made in the very 


near future. The tyres should be thicker to 
prevent punctures, and should have some sort 
of non-slipping bands or corrugations onthem. 
The bottom bracket is neither high enough | 
from the ground to keep the pedals from 
hitting stones, nor are the bearings strong 
enough to stand the enormous strain of start- 
ing. The mud-guards are not large enough. 
Otherwise the bicycle part of the machine 
seems good and reliable, mine having stood 
the severe test of miles of bad stone paving, 
rough roads, loose surface, and deep mud, and 
only requiring adjustment in the head and 
bearings. There should be a larger reservoir 
for petrol, and a better means of lubricating 
the motor. There should also be some sort of 
a chimney and float in the carburetter, as in 
the De Dion, or else an automatic or float feed 
carburetter. The present one is ingenious, but 
you cannot tell whether it is full or empty, 
especially on a bad road, except by the 
running of the machine. Another matter re- 
quires instant attention; the driver should be 
able to set the motor in motion before starting 
the machine. With such a device one could 
start up on any hill. The machine will not be 
entirely satisfactory until this is done. 

The machine is a good luggage carriage, as 
I took on both tours two tool bags, a spare 
battery, at times half a gallon of petrol and a 
quart of lubricating oil, a leather suit, a large 
bag containing a complete change, and 
sketching traps—weighing in all about 30 lbs. 
I do not think the machine runs much faster 


without the luggage than with it. 


Very few people have as yet taken to the 
motor bicycle. Very few in the beginning took 
to the safety or the pneumatic tyre. I was the 
first to travel over the most of these roads, and 
during the whole autumn I only met one man 
outside of Paris, where, however, motor cycles 
are quite common. Even around London one 
is beginning to see them pretty frequently. As 
for racing, the Werner holds all prizes for hill 
climbing, including the severe test of La 
Turbie, a hill over ten kilometres long ; 
in this it gained the fourth prize, being 
beaten by three 6 to 8 horse-power tri- 
cycles. It covered the distance in the Nice- 
Marseilles race, about 250 kilometres (Mr. 
Beaumont says 125 miles)in5 hours 43 minutes ; 
and 100 kilometres have been done in 2 hours 
17 minutes without any pedalling. The Lam- 
audiere in this race, the Criterium des 
Motors Bicyclettes, came in about a minute 
before, but I am told it was pedalled the entire 
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pedalled faster; in the hill-climbing contests 
at Gaillon the Lamaudiere was distanced. 

Finally, I can only say that I am more than 
- satisfied with the motor even in its present im- 
perfect state. It does require study, patience 
and knowledge, and even then at times it 
will not go; and it must be remembered the 
machine drives and carries you, you cannot 
drive it when the motor is working. The motor 
cycle in its present form I do not think is of much 
use to the average ‘‘ bikist.’’ Its management 
calls for more thought and care than he has 
the time or sense to give it. The old cyclist rea- 
lises how few of the riders he sees know anything 
about their mounts, and I am afraid the pro- 
portion of good riders who will learn to manage 
a motor bicycle as now made is almost as 
small. But I am equally certain that, in a few 
years, we shall have a little motor weighing 
a few pounds, may be ounces, attached some- 
where to the bicycle, that will do more than 
the Werner does to-day. Still, I am glad that 
I have learned to ride the first practical 
machine yet to be had, and I am proud to have 
been the first person to ride it across Europe 
and over the Alps alone and unaided. 

I have made a record. Others in the future, 
I know, will enjoy the pleasure. The motor 
bicycle, despite all attempts to ignore and 
suppress it, is as sure of ultimate success as 
the safety and the pneumatic tyre. 


Mr. PENNELL, in the course of reading his paper, 
showed a series of lantern slides and prints illustrative 
of various motor bicycles from the earliest forms to 
those of the present date, including the Thomas 
Machine and the Lamaudiere Machine, to which he 
referred as the best types of American and French 
machines. 


The following motor bicycles were also 

exhibited :— 

The Motor Manufacturing Company.—The Werner 
Machine ridden by Mr. Pennell, and described 
in his paper. A later built Werner Machine with 
various modifications. 

The Singer Cycle Company.—A Diamond Frame 
Singer Machine. A Drop Frame Lady’s Machine. 

The Derwent Cycle and Motor Company.—A Der- 
went Machine. 

William H. Burgess.—A Minerva Machine. 

E. R. Dale.—A Beeston Machine. 

A. A. Campbell Swinton.—A machine made by 
Luthi and Zürcher, of Neuchatel, Switzerland. 

A. Westlake.—A Bluhm Machine. 

The London Automotor Company.—A Motor 
Bicycle. 
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DISCUSSION. 


The CHAIRMAN, in reply to questions put by Mr. 
Pennell, said that his machine, which was not on the 
market, was first built four or five years ago. With 
regard to vibration, if one were riding the machine 
and for any reason or other the ignition stopped, it 
would not be noticeable ; it was hardly possible to tell 
whether it was being driven or was running by its owu 
weight. The saddle was purposely made low, so that it 
was practically impossible for the machine to fall on the 
rider’s legs. In place of the ordinary foot rests wer 
two large pads of india-rubber, and the rider was in 
the same position as if he were sitting in a chair with 
his knees bent. The machine looked very long, but, 
as a matter of fact, it was not longer than an ordinary 
safety, although the wheel base was longer. With 
regard to riding, there was no difficulty whatever in 
balancing the machine. A friend of his who had 
never been on a bicycle before, managed to ride it 
about 100 yards. The machine was controlled from 
the handle-bars; it was not necessary at any time to 
take the hands off, and there was a means of taking 
the compression off the engine, so that the machine 
could be worked by the pedals like an ordinary 
bicycle. The weight of the machine, a little over 
100 Ibs., was the only inconvenience. Its speed 
was up to 25 miles an hour on the level. With 
regard to up-hill work, being an ungeared machine 
it had not the power of a geared machine to go up 
hill, but it had the advantages of silence and freedom 
from vibration which were not obtained in a geared 
machine. He hoped that difficulty would be over- 
come in future; at present the machine would not go 
up a steep hill unaided. 


Mr. JOHN I, THORNYCROFT, F.R.S., was delighted 
to hear that the machine was so easily balanced that 
that anybody could at once ride it 100 yards, because 
he had feared that its weight would be a danger if it 
fell on one’s legs. Although Mr. Pennell had de- 
scribed a great number of machines, it was impossible 
to ascertain all that had been done in the matter. 
There was a delight in being on a machine which was 
not constrained to take an angle due to a change of 
plane in the road, and if that could be coupled with 
fast riding and absence of vibration there must be a 
great fascination about the motor bicycle. 


Mr. W. Worsy BEAUMONT thought that when Mr. 
Pennell next gave a paper it would be advisable to 
describe in detail the working of the gear and the 
troubles in the carburetter and the electrical arrange- 
ment, because it would be of considerable assistance 
to those who ran a machine of the Werner type. 
Mr. Pennell mentioned that in the design of the 
Daimler bicycle there were several features of 
considerable interest, although they were but roughly 
worked out. He did not point out that there were 
two reasons for the existence of the jockey pulley: 
one, the usual application of the jockey pulley, and 
the other the arrangement by means of which, when 
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the brake was put on, the jockey pulley was taken 
off, so that tbe motor ceased to drive the bicycle 
when the brake was on. Another diagram showed 
the various arrangements of the motor with 
regard to the centre of gravity, and its front 
er back disposition. Although in the ordinary 
bicycle a high centre of gravity and a high 
© crank bracket was advantageous, and was better 
than the low one, with the motor bicycle the 
reverse was the case. With regard to side-slip, the 
lower the weight the better it was. Of course, 
so long as the motor bicycle was also worked by the 
foot, so long would it be desirable to keep the crank 
bracket as high as it could conveniently be kept. 
He had had the pleasure of riding Major Holden’s 
bicycle for a short distance, and had seen it running 
a good deal, and he could entirely confirm the C hair- 
man’s remarks so far as quietude and smoothness 
of the running was concemed, once it moved at 
more than a few feet per minute. The low 
height of the bicycle, the foot rests only a few 
inches above the ground, and the general arrange- 
ments of the motor were points which should be 
carefully considered by those interested in the subject. 
The motor gave the advantages of a four-cylinder 
motor, although it really only had two cylinders. 
The cylinders simply consisted of two straight plain 
tubes with a pair of solid pistons, one at either end, 
connected by rods between. Those two rods were 
rigidly connected across by a piece which carried 
at its ends the two connecting rods shown in 
the diagram. The arrangement was one which, 
with the very simple form of valve gear used, 
secured the four-cylinder motors with, he thought, 
the simplest in arrangement that had yet been 
made in any spirit motor. He thought a great deal 
might be expected from Major Holden’s bicycle, 
and particularly of his motor. 


| Mr. C. V. Boys, F.R.S., said he had had no experi- 
ence in actually driving a motor bicycle, and his experi- 
ence of motor tricycles was exceedingly limited. So 
far as it went it led him to the conclusion that, if a 
motor bicycle could be made—and for a long time he 
could not believe that such a thing was practicable — 
it would be a far preferable machine to run upon 
than a motor tricycle, especially at a high speed, 
because of the exceedingly uncomfortable vibration of 
a machine attached to the road, and which had the two 
types of movement imposed upon it, the fore and 
aft movement and the lateral movement due to the 
inequalities of the road. The longitudinal wheel 
base of a motor cycle was a great deal longer than the 
lateral distance between the two wheels on a tricycle, 
the result being that with the ordinary inequalities 
one met with, the angular tilting experienced longi- 
tudinally on a motor bicycle, was very much less than 
the corresponding lateral movement from the two 
side wheels of a motor tricycle on which there was 
also superimposed the longitudinal movement of 
thé bicycle. On that account the comfort 


must obviously be enormously greater. Then, again, 


there was the mechanical advantage that anybody 
riding along should assume what might best be called 
the dynamic vertical, instead of having a machine 
constrained to follow the slope of the road, which 
therefore showed a tendency to upset. On those 
grounds he thought that a motor bicycle was 
essentially the thing to go for, and the marvellous 
thing was that it was possible to succeed. He had 
seen Major Holden’s machine, and the simplicity and 
ease with which it started and its quietness when 
moving along were incredible. The Werner machine 
also appeared to be capable of doing wonderful things. 
Considering the size of the motors it was marvellous 
that so much power could be handily applied in 
so small a space and apparently with so much 
convenience. Another thing which had struck him 
was the enormous amount of attention which>in- 
ventors appeared to have given to the design, as 
many as thirty or forty different types having been 
exhibited, although very few had been seen on the 
road. The idea of the Singer machine was beautiful. 
That it should be possible to put the whole of the 
mechanism inside the back wheel, from whence it 
could be operated, was very wonderful. If it could 
be made to work, it was a machine which was 
admirable in its ingenuity. If he ever obtained a 
motor cycle it would be a motor bicycle. 


Mr. A. A. CAMPBELL SWINTON said he lately 
became possessed of a motor bicycle of the Swiss 
type in which the motor was fixed in front of the 
bottom bracket and drove the back wheel by means 
of a leather belt. He was not sure that that was 
the best type, but when in proper order, it worked 
very well. His first experience on a motor 
bicycle was on Major Holden’s, and he could 
confirm what had been said by previous speakers 
as to the absence of vibration and the working 
powers of that machine. From his own experience, 
the most serious matter connected with motcr 
cycles was the question of side-slip. No doubt 
they were all very much inclined to that defect, 
and he had experienced a bad one. He did not 
agree with Mr. Beaumont that it was wise in 
a motor bicycle to keep the weight low. 
The principle being that of an inverted pen- 
dulum, he should have imagined that the weight 
should be kept high so as to get a slow period and 
consequently allow sufficient time for recovering 
equilibrium, and also in order to avoid side slip. On 
the other hand, he did not think the proper arrange- 
ment was that of the Werner bicycle, because he 
did not think it was the best plan to drive the front 
wheel. The front wheel should not have any weight 
upon- it. All experience in ordinary bicycling 
showed that the further back the weight was kept 
the easier the machine was to steer. If there was 
a considerable weight on the front wheel, and if 
also the front wheel was doing the work, steering could 
not be so easy as if the weight was otherwise dis- 
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tributed. His bicycle was made by Luthi and Zürcher, 
of Neuchatel, and was remarkably cheap, costing only 
£31 15s. motor and all. There were only one or 
two of the machines in England he believed: 
and, with the exception of one, they were all on 
exhibition that evening. The absent machine was 
originally brought over by Mr. G. P. Mair, wbo had 
ridden it over 2,000 miles. Mr. Mair subsequently 
took the machine to pieces, and found only the 
slightest traces of wear. He had had considerable 
difficulty with his machine, but it was working very 
nicely now. He had with him a copy of the instruc- 
tions sent with his motor bicycle, and he thought two 
sentences in them were applicable to everybody who 
used a motor bicycle: one was, ‘“‘ Never lend your 
motor bicycle,” and the other, “ If you are in diffi- 
culties, do not despair.” 


Sir FREDERICK BRAMWELL, Bart., F.R.S., re- 
minded the meeting that Mr. Perkins, in his three- 
wheel steam carriage, had the whole of the engine 
and boiler mounted upon the front wheel, so that in 
steering, the boiler and engines were turned round, 
and it worked very well. 


Mr. A. W. MARSHALL drew Mr. Pennell’s attention 
to the fact that he had not referred to the important 
point of the effect of riding upon the tyres. Un- 
less he was mistaken, in Major Holden’s experi- 
ments, the machine simply tore the driving tyres to 
pieces. It would be interesting to know what wear 
and tear Mr. Pennell’s driving tyre suffered. The 
Werner machine, when standing still, appeared to be 
top-heavy and looked as if it would fall over when 
one mounted it. He had been told by people who 
had ridden the machine that as soon as one got on it 
the sensation entirely disappeared. It, therefore, 
appeared that, although a machine seemed top-heavy 
when standing still, it did not follow that it would 
be so when being driven. 


Mr. V. BRANFORD said the question had been 
raised as to the relative position of the motor. The 
opinion had been expressed that it was wrong to place 
the motor on the front wheel, and the contrary 
opinion that it was a matter of indifference whether 
the driving apparatus was placed on the front wheel 
or not. It seemed to him the question depended 
on whether both the driving and steering were done 
by the front wheel. Major Holden’s machine was 
steered by the front wheel, but was driven from the 
back. Was there any theoretical reason why it 
should not be possible to both drive and also steer by 
the front wheel in that bicycle ? 


Mr. PENNELL, in reply, said that the authorities 
wholly disagreed on the question of steering, weight, 
and position of motor. His own experience with 
the Werner machine was that the whole time it was 
being driven it ran as near a straight line as possible, 
and when one came to a greasy bit of road, and 


started to steer the machine, unless the compression 
was opened, it began to slip badly. The great 
trouble was that the machine could not be con- 
trolled delicately. When walking alongside the 
machine it did appear clumsy, but the moment 
one mounted that feature disappeared entirely. 
With regard to the wear and tear of tyres, the inner 
tube of the back tyre of his own machine, on which 
there was much less weight, had given out, but very 
little happened to the front tyre. He had a great 
many punctures; whether he would have had more 
or less on an ordinary machine he did not know. The 
“ Singer” was the most beautiful machine he had 
ever seen. He tried it at the Crystal Palace and it 
started perfectly, but whether it would do so on a 
rainy day and through mud he did not know, neither 
did he know how it would run on on the road, 
as, unfortunately, no one had said anything from 
experience. With regard to the weight on the 
front wheel, Sir Frederick Bramwell had given one 
opinion another authority another. As he was not an 
engineer or electrician, he would leave the experts to 
settle the matter among themselves. Not being an 
engineer, he was hardly competent to give an opinion 
as to where the motor should be, but he thought it 
should be well in the air to keep it cool—if it had 
not a water jacket—and out of the mud. Major 
Holden’s machine had nice rubber foot-rests. If the 
Chairman rode that motor bicycle for 200 miles a day, 
for three or four days, with his feet on those rests, 
before the end of the ride he would probably want to 
put them somewhere else. Ona machine with pedals 
it was different, especially if it had a free wheel, as 
the rider could shift the position of his feet. He did not 
believe any motor bicycle would go up every hill without 
a certain amount of pedalling, which was done in order 
to keep up a good speed. The vibration on a quadri- 
cycle was dreadful; it came solely from the engines, 
He was an enthusiastic motor-cyclist; he believed 
the motor bicycle would appeal to thousands, pro- 
bably millions, just as the ordinary bicycle did. It 
added a new pleasure to life, for many people who at 
present were too old or too lazy to cycle up hills, by 
means of the motor bicycle could easily accomplish 
that end; so enthusiastic was he, that he was about 
to start for Italy on a motor bicycle. 


On the motion of the CHAIRMAN, a hearty vote of 
thanks was accorded to Mr. Pennell for his paper. 


Mrs. MARKS writes that she is enabled to give from 
a practical standpoint a few particulars of the Singer 
motor bicycle, which engaged, to some extent, the 
attention of the reader of the paper. Being desirous 
of obtaining, for Press purposes, a personal know- 
ledge of the new comer, which she believes to be the 
only specimen of its kind built with dropped as well 
as diamond frame, and, therefore, the only motor 
bicycle adapted to the use of the skirted rider, she 
went down to Coventry in the beginning of No- 
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vember last, in order to obtain this experience. The 
weather being extremely bad during her week’s stay, 
she had ample opportunity of observing the steady be- 
haviour of the machine under the trying conditions of 
grease, mud, and general moistness. Her experiences 
are described in the December issue of the ‘‘ Monthly 
Gazette,” the official organ of the Cyclists’ Touring 
Club, and may be summed up in two words—highly 
satisfactory. As a hill-climber it deserves much 
praise, and she understands it has even surmounted 
the difficulties of Stoneleigh Hill, locally regarded as 
the steepest and most difficult climb in the district, 
one, moreover, seldom attempted by even the 
hardiest cyclist. She was very desirous of attempting 
the ascent, but considered the awful state of the road 
surfaces constituted an insuperable bar, although the 
willingness of the makers to abide by a test to be 
undertaken in such conditions, speaks well for 
their faith in the capacity of their machine. 
The manipulation of the motor is extremely easy : 
both Mrs. Marks and the lady who had charge of 
the machine, and who was in Coventry at the same 
time as herself, were able, upon the occasion of 
their trial trips upon the road, to ride unaided upon 
their novel mount. The motor is actuated by de- 
pressing or elevating a single lever upon tle left side 
of the machine. The steering is very accurate, and 
the bicycle can easily be ridden “ hands off.’’ The 
ignition is by electro-magnet—the least liable of any 
system to cause trouble—and is brought into opera- 
tion by depressiug the lever when pedalling. The 
machine being geared very low is capable of being 
propelled by the feet only, and is started in this 
manner, possessing also the further advantage of only 
needing a half-turn of the useful lever to put 
the engine out of gear, when, of course, the 
cycle can be ridden as an ordinary safety. The 
dropped frame variety was only coupled in 
November, and was ridden by Mrs. Marks on its 
first public appearance, but the diamond framed 
specimen is well known on the roads about Coventry 
where it has run several hundred miles, although the 
motor was only shown last summer and has only 
just been brought to public notice. 


Miscellaneous. 


— i aall 


THE LAC INDUSTRY OF ASSAM. 

Lac occurs in its natural state in various places in 
the forests of Assam, and is produced more or less in 
in most districts of the province. Kamrup and the 
northern parts of the Khasi and the Garo Hils, 
bordering on Brahmaputra valley, are at present the 
chief seats of the cultivation. The Assistant-Director 
of Agnculture in Assam, in a recent report, states 
that in Kamrup, lac cultivation is chiefly confined to 
the south bank of the Brahmaputra, the annual out- 
turn of stick lac in two mauzas (Rani and Chhayani) 
being estimated at over 60 tons. A small quantity 


is produced by a few Kachari families in Mauza 
Jhargaon on the north bank. The bulk of the lac 
exported from the district is, however, obtained from 
Garos inhabiting the northern slopes of the Khasi 
Hills. The annual export of recent years has 
averaged 16,000 maunds, or something over 500 tons, 
but in some of the forests, owing to the ravages of 
the sv/aazar epidemic and depopulation, the pro- 
duction is certainly falling off. In Manipur the pro- 
duction is not sufficient for local requirements, and 
considerable quantities are sent there from the Kubo 
valley of Assam. With the exception of a small 
quantity of manufactured lac, the entire quantity of 
lac exported from Japan is in the crude form or 
stick lac. The principal lac-producing trees in 
Assam are the /icus cordifolia, Ficus altissima, 
Cajanus indicus, and Zizyphus jujuba. Lac 
also grows on several other species of /icus, of 
which Ficus religiosa, Ficus bengalensis, Ficus 
elastica, and Ficus infectoria are the principal. 
The two chief lac-yielding trees of Bengal—namely, 
the Palas and the A’usum —are little known in Assam. 
The method of cultivating lac in Assam is practically 
the same as in Bengal. There are usually two crops 
a year, one being collected in May and June, and the 
other in October and November. In Sylhet the 
first is called the Aus or early crop, and the second 
the Aman or late crop. The first crop is mainly 
used for seed purposes; the second is the chief crop, 
and supplies the bulk of the exportable article. 
A few days after the harvest, pieces of stick lac, 
containing living insects (rakilaha) are tied on to 
the branches of the trees on which the next crop is 
to be grown. The usual plan is to place the stick lac 
in small bamboo baskets, and tie these on to the twigs 
of the trees. In a few days the insects crawl out of 
the sticks and spread over the young branches, on 
which they at once begin to feed and secrete the 
resin. The secretion of lac is allowed to go on 
for about six months before it is gathered in. If 
sufficient lac has not been secreted, the insects 
are left undisturbed for another six months. After 
the harvest, a fresh crop is immediately prepared. 
It is said that a Kathali bat tree (Ficus altissima) 
can grow lac for three or four years in succession, after 
which it requires rest. Some trees have been known 
to produce lac for ten or twelve years without rest. 
The lac insect does not thrive on Ficus trees, which 
are of vigorous growth, and contain an abundance 
of gum, but thrives best on trees of moderate vigour. 
The lac crop is liable to several kinds of pests, 
among which the most injurious are a species of ant 
and a tiny moth, both of which feed on and destroy 
the insect. The depredations of ants can be prevented, 
to a certain extent, by keeping the trunks of the 
trees clean, and by attracting the ants with Jaggery 
and then destroying them with fire. Stormy weather 
at the time when the young insects are spreading 
over the tree may destroy them altogether. Shell 
and button lac are manufactured in small quantities 
in Sibsagar and Cachar. The process of manufacture 
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ts as follows:—The crude lac is first crushed and 
sifted to free i from woody matter. It is then 
subjected to a long course of alternate washing and 
drying until the resin is thoroughly free from colouring 
matter. The lac, called at this stage ‘‘seed-lac,”’ is 
then put into a long cloth-bag which is held and 
slowly turned over a charcoal fire. When the resin 
inside the bag has melted, it is squeezed out by 
twisting the bag, and is brushed off by drawing it 
over the smooth surface of a piece of plantain 
bark. In Sibsagar the lac is washed in alkaline water 
prepared from the ashes of the plantain tree at one 
stage of the long course of washing to which it is 
subjected. Occasionally the residue left in the process 
of dyeing with crude lac is melted and cast into cakes, 
which are sold along with stick lac, but they still 
retain some dyeing matter. Another preparation 
of lac used in Assam is what has been called “ boiled 
lac.” In the Assam valley it is known as ‘‘ Bhiri 
Laha.” It is prepared by boiling stick lac for some 
hours until it becomes soft, and then pressing the 
softened mass into cakes. It, of course, retains the 
whole of the dye. The articles usually coloured with 
lac dye are cotton cloths and thread of every kind of 
material, and the use of the dye in the Assam valley 
is confined to the Kacharis, Mikirs, and the non- 
Hindu tribes. The Hindus have a natural aversion 
for dyes of animal origin. The art of manufacturing 
lac wares seems to be dying out in Assam. Sibsagar 
and Sylhet are the only two districts where the art is 
still practised. In Sibsagar the following colours are 
used. They are prepared by mixing shellac with the 
substances noted against them respectively: (1) 
Yellow with orpiment, (2) red with vermilion, 
(3) blue with indigo, and (4) black with lamp 
black or fine charcoal obtained by burning 
. the dry shell of a bottle gourd. In Sylhet a 
larger assortment of colours is in use. These are: (1) 
Sky blue obtained by mixing powdered indigo and 
sulphur with shellac, (2) red, by mixing lac with ver- 
million, (3J violet, with violet powder, (4) grey, with 
white lead, (5) brick red, with red resin, (6) orange, 
with vermilion and orpiment, (7) dark green with 
powder, (8) green with indigo and orpiment, (9) 
black with lamp-black, and (10) yellow, with 
orpiment. The violet and green powders are im- 
ported and are of mineral origin. Wooden toys are 
the only wares ordinarily ornamented with lac in 
Assam. Sylhet town was once noted for its lac toys. 
These are now made only to order for export to 
Dacca and Calcutta. The following articles are occa- 
sionally ornamented with lac in Assam proper :— 
Stands for trays, legs of wooden seats, circular boxes, 
shuttles, lampholders, cylinders of native drums, be- 
sides several other kinds of turned wooden wares. 
Lac is also used in Assam proper as a protecting 
varnish over designs painted on wooden surfaces, e.g., 
on trays, palanquins, and bedsteads. The art of 
etching on lac is not known in Assam. It may be 
mentioned that the so-called black lacquer of Manipur 
js not a lac preparation, byt is the juice of a tree 


known as Khen in Manipur. It is imported into 
Manipur from the Kubo Valley in Burma. The juice is 
extracted by making an incision in the tree. It is used, 
in painting handles and cases of swords and knives 
saddlery and leather work of all descriptions, gun- 
stocks, &c. The Lushais are said to paint gun stocks, 
and often gun barrels, with this varnish. The Aheu 
tree may be allied to the Rhus vernicifera of Japan, 
which yields the celebrated lacquer varnish of that 
country. There is nothing novel in the method of 
applying lac to wood as practised in Assam. It is 
only turned wooden articles to which lac can be con- 
veniently applied. The article to be so treated is 
placed on the lathe, and while it is revolving the part 
of it to which the ornamentation is to be applied is 
heated and coloured by alternately pressing the end of 
a bamboo or rattan stick and a lac pencil of the 
desired colour against it. The heat generated by 
friction with the former causes the lac subsequently 
applied to partially melt and set itself upon the sur- 
face of the revolving article. The coating of lac is 
then smoothed over, and polished by skilfully manipu- 
rating a leaf of Acwa or Kaya Kathal over the 
revolving surface. As already mentioned, Sylhet and 
Sibsagar are the only districts in Assam where lac 
wares are now made. As regards the miscellaneous 
uses of lac, a common domestic use is as a cement to 
fix the handles of long knives. Metal workers use it 
in joining separate parts of metal utensils, and in 
fixing wares to the lathe for tuming. Goldsmiths use 
lac for filling up the inside of hollow ornaments. In 
South Sylhet lac is used for making bangles and other 
ornaments used by the lower classes of Mohammedan 
women. 


Correspondence. 
ponnn 
METALLIFEROUS MINING IN INDIA. 


Mr. WILLIAM SOWERBY writes :—The paper 
read before the Society of Arts on the ‘“ Metalliferous 
Mining in India” is a valuable contribution on that 
subject. Though it is chiefly confined to the gold 
mining industry, it however mentions other metals 
incidentally—namely, copper, lead, silver, &. Gold | 
is a metal which is almost as much diffused as 
iron, but of course not in such abundance; on the 
contrary, it is found in veins of quartz and ferruginous 
schistose rocks, also in gravel beds in small grains 
and in other alluvial formations both ancient and 
recent. In all parts of the world where gold is 
found there is a most striking similarity in the 
character of the lodes and veins—as a rule they 
usually run N.W. and S.W. and dip towards the 
W.; this applies equally to the gold mines in North 
Wales, where the lodes are however much disturbed 
by the Trap dykes; also in northern Spain, in 
Asturias, and likewise in the mines in South Africa, 
Australia, and California—to show how extensively 
gold is scattered over the face of the earth, Jn 
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Asturias (Rio Sil, Val de Oras) over an area of 
5,000 square miles or more, every shovelful of earth 
dug up yields specks of gold, and in Norway it was 
seriously proposed to band up the sea water, allow 
it to rest, and that after letting it run dry sufficient 
gold would be found in the sand and mud to pay 
the cost and become a profit; something of that 
kind occurs in Queensland, and a few years since there 
was an enthusiastic gentleman in London who as 
seriously proposed to obtain gold from the Thames 
mud, for which he had taken out a patent. ‘There is 
a striking resemblance between the ferruginous and 
auriforous conglomerates found in Mysore to those 
found in Spain, which have becn so exiensively 


worked by the old Romans, who seemed to have’ 


undermined the ground on a stupendous scale, but 
strange to say they appear to have extracted the 
gold out of those hard conglomerates without taking 
them out of the tunnels which they excavated in 
some cases to the length of 36 kilometres. How this 
was done is unknown, but it must have been by some 
process which has been lost sight of, and the method 
was so perfect that few traces of gold remain, though 
the yield of gold was under a dwt. per ton of material, 
whilst their sluicing the gravel beds—some of which 
are 800 feet in depth or thickness and contain grains 
of gold from top to bottom—surpass anything done 
in this way even in California. Full accounts of those 
gold mines are given by Pliny, who seems to have 
been the resident engineer of the period. Modern 
attempts have failed to renew the industry in Spain. 
Dr. Evans refers to the Wynaad goldfields. When 
the writer of this went out in 1862 to examine some 
coffee estates there, which then belonged to the late 
Sir Richard Owen, he told the writer that if he 
examined the streams there that gold could be 
obtained. Some samples were obtained from the 
“ Karrumbers,”’ and pieces of quartz broken from the 
reef gave 9 to 11 dwts. per ton by Readwin’s process 
of extraction. That there is abundance of gold in 
many parts of India—the writer of this has seen the 
natives washing for gold in the ‘“ Sona Nuddi,”’ at 
the foot of the Himalayas, and saw a ‘ pepita” so 
washed which weighed about half-an-ounce—but 
most of the gold used in making the famous Delhi 
ornaments is brought from Thibet; that which 
the writer has often seen were small bars about the 
size and length of the forefinger. Dr. Evans sug- 
gests that many alluvial sources of gold may be 
found in India in the flat countries. Below the hills 
this is true as regards the district on the west to- 
wards Beypore and Calicut, below the Neilgherris, 
where there are the remains of numerous pits. He 
also suggests that something might be done by 
diverting the river beds. This is exactly what the 
Romans did with great labour in Spain. Descen- 
dants of the old Roman gold miners still remain, 
and wash for gold, and the yield is said to be about 
£5,000 per annum. It is calculated that 80 per cent. 


of the gold of the world is obtained from alluvial 


sources—this includes Russia and California, The 


yield is often not more than one shilling per ton, 
but about two-and-sixpence may be taken as a 
fair average. The cost of hydraulicing is less 
than that of mining the quartz lodes. But gold 
mining is not a profitable industry. Were any 
syndicate the owner of all the gold mines in the 
world, the balance at the end of the year would 
be on the wrong side of the account, and it is 
not therefore on that score that gold mining in India 
should be encouraged as a profitable industry, though 
it should not be discouraged. Gold mining in Spain 
was carried on by military prisoners, state labour, or 
convicts. Silver mining on the contrary is generally 
very profitable; the cost in America is about 20 
pence per ounce, and when sold for 60 pence it 
yielded such profits that mine owners soon became 
millionaires. In Spain, and also in Australia, the 
silver is merely a bi-product, the lead, copper, zinc, 
&c., paying all the cost of production and morc. 
There appears, however, to be but little silver in 
India. The coal mines are, on the other hand, cf 
the greatest importance. Iron mining and smelting 
is surrounded with great difficulties, though there are 
vast deposits of iron ore of every kind and very rich 
in metal, but the climate and labour are unsuitable. 
Mr. Henwood’s visit in 1854-5 was on the suggestion 
of the late Colonel Drummond to establish colonics 
of iron workers in the Himalayas, but the question of 
fuel put a limit to that experiment. The clearances cf 
forest were too rapid, for it takes six tons of wood to 
make a ton of charcoal, and two tons of tke 
latter to make a ton of iron; so the value of the 
wood would be about £15, which would be the 
cost of the iron for fuel only. Of the greatest 
importance is the development of the coal-mining. 
Seams of coal were discovered at the foot of the Himz- 
layas, but the geological superintendent (the late Dr. 
Oldham and Captain (now Sir Richard) Strachey 
discouraged the idea of further search. There ae 
also indications of coal in Kattyawar, also oil, 
which the writer of this noticed when occupied there. 
While in Scindh, the late Mr. John Brunton, C.E., 
found, mined and used some coal, which was tested 
on the Indus steamers, but it has been entirely ignored 
and remains unexploited. It is stated by Dr. Evans 
that when Lord Curzon visited the gold mines cf 
Mysore he was very pleased to see the works and the 
40 thousand labourers. What, however, is that to 
250 millions to find employment for in India. The 
occupation of the masses must be agricultural, but 
on a better system than that which is now being 
followed. Then so far from the country being 
over-populated, as suggested in the discussion, 
double the population might be maintained. Un- 
worked and unproved gold mines can never be 
correctly valued; the prices asked and obtained in 
1882-3 for Indian mines was ridiculous. Gold 
mining is best in the hands of Government in an old 
country like India. In new colonies they attract 
emigrants, but in India no such immigration 15 
either desirable or feasible. . 
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Obituary. 
—_—_—_—_— 


DR. STEVENSON MACADAM, F.R.S.E.—Dr. Mac- 
adam, whose death took place at his residence, 11, 
Brighton-crescent, Portobello, Edinburgh, on Thurs- 
day, 24th January, was a member of the Society of 
Arts of long standing, having been elected in 1863. 
He was born at Glasgow in 1829, the son of a manu- 
facturer in Kilmarnock. In 1847 he became an 
assistant to Dr. George Wilson in Edinburgh, and 
subsequently he was appointed Lecturer on Chemistry 
in the School of Medicine at Surgeons’-hall, Edin- 
burgh. He continued teaching until the close of last 
summer session, at which period he had completed 
fifty years as a lecturer. Early in life Macadam 
graduated as Doctor of Philosophy at Giessen. He 
was the author of many papers on technical subjects 
such as Water Supply, Drainage, and the Applica- 
tion of Chemistry to the Arts and Manufactures. 
From 1862 to 1864 he was President of the Royal 
Scottish Society of Arts. 


MEETINGS OF THE SOCIETY. 


ORDINARY MEETINGS. 
Wednesday evenings, at Eight o’clock :— 


FEBRUARY 13.—‘‘Arsenic in Beer and Food.” 
By WILLIAM THOMSON. Dr. H. E. ARMSTRONG, 
F.R.S., will preside. 

FEBRUARY 20.—‘‘Some Features of Railway 
Travelling, Past and Present.” By FREDERICK 
McDeErRMoTT. H. GRAHAM HARRIS, M.Inst.C.E., 
Vice-President of the Society, will preside. 

FEBRUARY 27.—‘* The Outlook for the World’s 
Timber Supply.” By Dr. W. ScHLICcH, C.I.E. Sir 
WILLIAM THISELTON - DYER, K.C.M.G., F.R.S., 
will preside. 

MARCH 6.—‘‘Moderm Artillery.” By LIEUT. 
ARTHUR TREVOR DAWSON, late R.N. SIR 
BENJAMIN BAKER, K.C.M.G., will preside. 

MARCH 13.—“‘ The Proposed High-Speed ‘ Mono- 
rail’ between Liverpool and Manchester.” By F. B. 
BEHR. Sır WILLIAM PREECE, K.C.B., F.R.S., 
will preside. 

MARCH 20.—‘‘ Evolution of Form in English 
Silver Plate.” By Percy T. MACQUOID. 

MARCH 27.—‘ Clocks, Carillons, and Bells.” 
A. A. JOHNSTON. 

APRIL 17.—" The Synthesis of Indigo.” By 
Pror. RAPHAEL MELDOLA, F.R.S. SIR HENRY 
E. Roscoe, LL.D., D.C.L., F.R.S , will preside. 
Dates to be hereafter announced :— 

‘Thames Steamboat Service.” By ARNOLD F. 
HILLS. 

“« Multicolour Printing.” By ELMER Z. TAYLOR. 

‘Recent Work on the Photography of Colour.” 
By Sır WILLIAM ABNEY, K.C.B., F.R.S. 

“ School Work in Relation to Busines,” 
Spr Josua Fitcn, LL,D, 


By 


By, 


“« Patent Law Reform.” By ALEXANDER 
SIEMENS. 

“Testing Distant Vision.” 
CARTER, F.R.C.S. 

“The Use of Motors in War.” 
R. E. CROMPTON. 

“ Servia.” By EVERARD R. 
M.Inst.C.E. 

“The Industrial Resources of Portugal.” 


BATALHA-REIS. 


By R. BRUDENELL 
By COLONEL 


CALTHROP, 


By J. 


INDIAN SECTION. 


Thursday afternoons, at 4.30 o’clock :— 

FEBRUARY 28 —“ Railways and Famine.” By 
HORACE BELL, M.Inst.C.E., late Consulting En- 
gineer to the Government of India for Railways. SIR 
JOHN WoLFE BARRY, K.C.B., F.R.S., will preside. 

MARCH 14.—‘ The Growth and Trend of Indian 
Trade—A Forty Years’ Survey.” By HENRY JOHN 
Tozer, M.A. 

APRIL 18.—‘ Madras the Southern Satrapy.” By 
JOHN DAVID REES, C.I.E. 

May 2.—“ Science in Ancient and Modern India.” 
By PROF. JAGADIS CHANDRA Bose, M.A., D.Sc. 

May 16.—“ The Town and Island of Bombay— 
Past and Present.” By L. R. WINDHAM FORREST, 
formerly Chairman of the Bombay Chamber of 
Commerce. 


The meetings of March 14, April 18, and May 2 
will be held at the Society of Arts; those of Feb- 
ruary 28, and May 16 at the Imperial Institute. 


COLONIAL SECTION. 


Tuesday afternoons, at 4.30 o'clock :— 

FEBRUARY 19.—‘‘ The Crisis in China—its Causes 
and Solution.” By JOSEPH WALTON, M.P. SIR 
EDWARD A. SASSOON, Bart., M.P., will preside. 

APRIL 30.—‘ The British West Indies.’? By Sir 
NEVILE LUBBOCK, K.C.M.G., Chairman West India 
Committee. 

May 7.—“ The Coal Problem—its Relations to the 
Empire.” By Lieut. CARLYON W. BELLAIRS, 
R.N. 


APPLIED ART SECTION. 
Tuesday evenings, at 8 o’clock :— 


FEBRUARY 12.—‘‘ Recent Advances in Pottery 
Decoration.” By WILLIAM BURTON. CHARLES 
H. READ, Sec. S.A., Keeper of the Department of 
British and Mediæval Antiquities, British Museum, 
will preside. 

MARCH 5.—‘ Early Playing Cards and their Deco- 
ration.” By RICHARD STEELE. 

MARCH 12.—“ Some Examples of Romanesque 
Architecture in North Italy.” By HUGH STANNUS, 
F.R.I.B.A. THomas G. Jackson, R.A., will 
preside. 

APRIL 16,—‘ Greek Vases, their Evolution of 
Form and Ornament,” By Cecit SMITH, LL.D, 
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May 21.—“ The Rise and Development of Egyp- 
tian Art.” By PRoFEssOR W. M. FLINDERS 
PETRIE, D.C.L. 


CANTOR LECTURES. 
Monday evenings, at 8 o’clock :— 


W. J. Pore, ‘‘ The Bearings of Geometry on the 
Chemistry of Fermentaticn.’’ Four Lectures. 
February 11, 18, 25, March 4. 


LECTURE ].—FEBRUARY II. 

The application of the doctrine of the atom-fixing 
power or valency of the elements to the determination 
of the structure of chemical molecules — The existence 
of chemical isomerides,—substances having the same 
molecular composition but different molecular struc- 
tures—The existence of optical or stereo-isomerides, 
—substances having similar molecular structures, but 
differing in the space arrangement of their parts. 


LECTURE II.—FEBRUARY 18, 

Criteria of the possible occurrence of stereo- 
isomerism and the conception of asymmetric atoms— 
Optical activity and crystalline form—Methods of 
preparing optical isomerides and the occurrence of the 
latter in animal and vegetable products—Their 
physiological importance. 

LECTURE III.—FEBRUARY 25. 

Stereo-isomerism amongst the sugars and sugar- 
like compounds—The determination of- the structure 
and the subsequent synthesis of the sugars—The 
practical bearings of stereo-isomerism. 


LECTURE IV.—MARCH 4. 
Applications of stereo-isomerism to brewing and 
to the study of fermentation—The nature of fer- 
mentation—Organised and un-organised ferments— 
The discriminative effect of the lower organisms 
upon stereo-isomerides, and more particularly upon 
the stereo-isomeric sugars—The physiological action 
of stereo-isomerides. 
MAJOR P. CARDEW, “Electric Railways.” 
Three Lectures. 
March 11, 18, 25. 
SIR WILLIAM CHANDLER ROBERTS-AUSTEN, 
K.C.B., F.R.S., “ Alloys.” Four Lectures. 
April 22, 29, May 6, 13. 


SPECIAL LECTURES. 
Friday evenings, April 26, May, 3, 10, 17:— 
ALFRED C. EBORALL, A.I.E.E., “ Polyphase 
Electric Working.” 


MEETINGS FOR THE ENSUING WEEK. 


Monpay, Fea. 11... SOCIETY OF ARTS, John-street, 
Adelphi, W.C., 8 p.m. (Cantor Lectures.) Mr. 
W. J. Pope, “The Bearings of Geometry on the 
Chemistry of Fermentation.” (Lecture I.) 
Imperial Institute, South Kensington, S.W., 8} p.m. 
Mr. Ian C. Hannah, “China and Japan Con- 
trasted,”’ 
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Royal Institution, Albemarle-street, W., 3 p.m. 
Dr. A. Willey, ‘‘The Origin of Vertebrate 
Animals.” (Lecture IT.) 

Surveyors, 12, Great George-street, S.W., 8 p.m. 
Adjourned discussion on paper by Mr. R. E. Middle- 
ton, “The Future of the London Water Supply.” 

National Indian Association, in the Jehanghir-hall, 
Imperial Institute-road, S.W., 43 p.m. Sir Charles 
Cecil Stevens, “ Reminiscences of Chutia Nagpur 
(Bengal).”’ 

London Institution, Finsbury-circus, E.C., 5 p.m. 
Prof. Victor Horsley, “ The Effect of Alcohol on 
the Nervous System.”’ 


Turspay, Fes. 12..SOCIETY OF ARTS, John-street, 
Adelphi, W.C., 8 p.m. (Applied Art Section.) 
Mr. William Burton, “ Recent Advances in Pottery 
Decoration.” 

Royal Institution, Albemarle-street, W., 3 p.m. 
Prof. J. A. Ewing, “ Practical Mechanics: First 
Principles and Modern Illustrations.” (Lecture 
IV.) 

Civil Engineers, 25, Great George-street, S.W., 
8 p.m. r. Adjourned discussion on paper by Mr. 
James Thomas Ford, “The Present Condition and 
Prospects of the Panama Canal Works.” 2. Mr. 
Walter James Weightman, “ The Nilgiri Mountain 
Railway.” 

Photographic, 66, Russell-square, W.C., 8 p.m. 
Annual General Meeting. 

Colonial, Whitehall-rooms, Whitehall-place, S.W., 
8 pm. Mr: H. T. Whitehead, ‘‘The Expansion 
of Trade with China.” 


WEDNESDAY, Fes. 13.. SOCIETY OF ARTS, John-street, 
Adelphi, W.C., 8 p.m. Mr. William Thomson, 
“ Arsenic in Beer and Food.” 

Sanitary Institute, 74a, Margaret-street, W., 8 p.m. 
Mr. T. Blashill, ‘‘ The State of our Streets.” 

Japan Society, 20, Hanover-square, S.W., 8} p.m. 
Mr. E. W. Barton- Wright, “ Ju-Jitsu and Ju-Do: 
the Japanese Art of Self-Defence from a British 
Athletic Point of View.”’ 

United Service Institution, Whitehall-yard, S.W., 
3p.m. Mr. Poulteney Bigelow, “The Yankee as 
a Colonist.”’ 

London Institution, Finsbury-circus, E.C., 6 p.m. 
Professor A. C. Haddon, ‘‘ The Decorative Art of 
Primitive Peoples.” 

Society for the Encouragement of Fine Arts, o, 
Conduit-street, W., 8 p.m., Mr. Joseph Offord, 
“ Some recently discovered relicts of Ancient Art 
from Western Asia.” 

Royal Institution, Albemarle-street, W., 3 p.m. 
Rev. Henry G. Graham, ‘Society in France 
before the Revolution.” (Lecture II.) 

Electrical Engineers, 25, Great George-street, S.W., 
8 p.m. Adjourned discussion on Mr. Mordey's 
paper, “ Capacity in Alternate Current Working.” 


Fripay, Fes. 15...Royal Institution, Albemarle-street, W., 
8p.m. Weekly Meeting, 9 p.m. The Right Rev. 
Monsignor Gerald Molloy, ‘‘ Electric Waves.” 


Saturpbay, Fen. 16...Royal Institution, Albemarle-street, 
3pm. Mr.F. Corder, “Vocal Music, its Growth 
and Decay.” (Lecture IL.) 
North East Coast Institute of Engineers and Ship- 
builders (Graduates’ Section), Newcastle-on- Tyne, 
p.m. 


CORRECTION.—Page 176, col. 1, line 47, for silver 
read slavery ; line 50, for Kumbas regd Kurumbars. 
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Notices. 
eS 
CANTOR LECTURES. 

On Monday evening, 11th inst., Mr. W. J. 
POPE delivered the first lecture of his course on 
‘‘ The Bearings of Geometry on the Chemistry 
of Fermentation.’’ 


The lectures will be published in the Journal 
during the summer recess. 


© 


APPLIED ART SECTION. 


Tuesday evening, February 12th: CHARLES 
H. READ, F.S.A., Keeper of the Department 
of British and Mediæval Antiquities, British 
Museum, in the chair. The paper read was, 
“ Recent Advances in Pottery Decoration,” 
by WILLIAM BURTON. 

The paper and the report of the discussion 
will be published in the next number of the 
Fournal. : 


LIST OF MEMBERS. 


The new edition of the List of Members of 
the Society is now ready, and can be obtained 
by members on application to the Secretary. 


Eee OP ee E S em OF 00 ws ow 
ce rt e 


COVERS FOR JOURNAL. 


For the convenience of Members wishing to 
bind their volumes of the Yourmal, cloth 
covers will be supplied post free for 1s. 6d. 
each, on application to the Secretary. 


EE eae 
—— 


Proceedings of the Society. 


EIGHTH ORDINARY MEETING. 

Wednesday, February 13th, 1901; PROF. 
HENRY E. ARMSTRONG, Ph.D., LL.D., 
F.R.S., in the chair. 

The following candidates were proposed for 
election as members of the Society :— 


Elgood, Thomas Scott, Messrs. Elgood Brothers; 
12, Pocklington’s-walk, Leicester, and 82, New- 
walk, Leicester. 

Gipps, Captain Frederick Bowdler, Leny-manor, 
South Yarra, Victoria, Australia. 

Guinness, Hon. Rupert, E. C., 5, (rrosvenor-place, 
S.W. 

Groves, W. G., J.P., Holehird, Windermere, West- 
moreland. 

Humphrey-Moore, Montague George Alfred, Castelar, 
Webster-gardens, Ealing, W. 

Jassoobhoy, Hormusjee Dinshaw, Palli-road, Bandora, 
Bombay, India. 

Lafontaine, Alfred C. de, 98, Piccadilly, W., and 
Athelhampton, Dorset. 

Lewall, Charles, 121, Victoria-street, S.W. 

McClounie, J., The Scientific Department, Zomba, 
British Central Africa. 

Morgan, John Pierpont, Jun., 22, Old Broad-street, 
E.C. 

Row, Rajah A. V. Jugga, Daba-gardens, Waltair 
Railway Station, Madras, India. 

Scrase-Dickins, Aluzhe Frederick, Newell’s-cottage, 
Horsham, Sussex. 

Settna, Dossabhoy Rustomjee, M.A., Cowasjec 
Patel-street, Fort, Bombay, India. 

Thuillier, Captain H. F., R.E., 3, Clarendon-villas, 
Dovercourt, Essex. 

The following candidates were balloted for 
and duly elected members of the Society :— 
Beckett, Ernest William, M.P., Kirkstall-grange, 

Leeds. 

Bremner, Charles Edward, Waimate, South Canter- 
bury, New Zealand. 

Bushe, Colonel Charles Kendal, 19, Cromwell-road, 
S.W. 

Chowdhury, Rai Jotindro Nath, M.A., Taki, 24- 
Parganas District, via Calcutta, India. 
Davenport, Gilbert, Aldermary-house, 

street, E.C. 

Fee, Leong, Ipoh, Perak, Straits Settlemen‘s. 

Francis, John Joseph, K.C., Hong Kong, China, 

Gardiner, Lieut.-Col. Richard, R.E., 28, Barkston- 
gardens, S.W. 

Gertner, Albert William, Victoria Malleco, Chili. 

Howell, James Henry, Messrs. Llewellins and James, 
Castle-green. Bristol. 

Joly, Céleste, 22 and 23, Laurence Pountney-lane, 
E.C. 

Lowis, J. R., Bettiah, Champaran, India. 

McInnes, Edward, Littleover, near Derby, and Royal 
Crown Derby Porcelain Co., Derby. 

McMahon, Captain Arthur Henry, I.C.S., C.S.I., 
C.I.E., Malakand, via Mardan, India. 

Owen, Francis, Thorndon, Brentwood, Essex. 

Petersen, William, Newcastle-on-Tyne. 

Pillay, P. S. Singaravalu, Trichinopoly, India. 

Smith, Henry John, Belmont, Pattison-road, West 
Heath, Hampstead, N.W. 

Smith, J. H. Monk, 7, Clyde-road, Lucknow, India. 

Wee, Ong Kim, J.P., Malacca, Straits Settlements, 


Watling- 


198 


JOURNAL OF THE SOCIETY OF ARTS. 


[February 1§, 1901. 


The paper read was— 


ARSENIC IN BEER AND FOOD. 
By WILLIAM THOMSON, 
F.R.S.Edin., F.I.C. 

Arsenic is a body which has been known 
from remote antiquity. Dioscorides speaks of 
it and of its most potent properties as a poison. 
He was, however, only acquaintcd with onc or 
two of its compounds, viz., the yellow or the 
red sulphides, which are also known as orpi- 
ment and realgar. In later years the word 
arsenic was applied to a white oxide of the 
metal which is known in chemistry as arsenic 
trioxide (As,Os). 

Arsenic is not found in great abundance in 
nature but it is widely distributed. It occurs in 
the native or metallic state in veins in meta- 
morphic rocks in the mining districts of Saxony 
and Bohemia and elsewhere in Europe, in 
Siberia, and in Chili. It is, however, most 
widely distributed in combination with sulphur 
and exists in largest proportions in the minerals 
mispickel or arsenical pyrites and in smaltite 
and cobaltite, from which minerals the metals 
nickel and cobalt are extracted and from which 
arsenic is also prepared in large quantities. It 
was not till the middle of the 18th century 
that arsenic was found to be a metallic 
element. 

It is a brittle, steel grey substance, but it 
has the curious property of possessing different 
appearances depending on the mode of its 
preparation. Thus, when arsenical pyrites is 
heated intensely in closed retorts the metal 
sublimes and condenses on the colder parts of 
the retort, forming a compact hard crystalline, 
nearly white, substance. 

The usual mode of preparing the metal is by 
heating to redness arsenic trioxide (so-called 
arsenic or white arsenic), intimately mixed in 
fine powder with powdered charcoal ; the white 
oxide is decomposed, the charcoal or carbon 
combining with the oxygen of the oxide, aud 
the metallic arsenic subliming and condensing 
on the colder parts of the retort. Thus pro- 
duced, metallic arsenic is of a steel grey 
colour, and is easily broken and pulverised 
between the finger. 

Arsenic is of very limited use in the arts 
and manufactures. It is mixed with lead in 
the manufacture of small shot, which is pro- 
duced by allowing drops of the fused alloy 
to fall from the top of a high tower or from 
the mouth of a deep pit into water. The 
surface tension of the molten metal draws the 


drops into small spheres in their passage 
through the air whilst falling, and they are 
finally cooled on dropping into water. If 
pure lead (unmixed with arsenic) be melted 
and drops allowed to fall down the shot 
tower, they leave a short tail attached to each 
drop, and are not spherical pure lead; itis not, 
therefore, adapted for making small shot. The 
arsenic also increases its hardness. It is need- 
less to remark then, that arsenic is one of the 
constituent parts of game, and that by acci- 
dentally swallowing a small shot in eating 
game, theré@ is taken a considerable dose of 
arsenic. Arsenic in this form is not, however, 
readily acted upon by the juices of the stomach, 
and, taken in this way, it will not be likely to 
produce serious influence on the health. 

Arsenic is used for mixing with molten iron 
or steel for producing chains and ornaments, 
because such mixtures when cold are capable 
of taking a brilliant polish. 

When metallic arsenic is melted with copper, 
it forms a somewhat brittle, grey alloy, which, 
when polished, takes a brilliant silvery lustre ; 
and this alloy is used largely for making 
buttons. For these purposes, from 6,000 to 
10,000 tons are used per annum in England, 
and a large proportion of this is manufactured 
in Devonshire. 

Arsenic trioxide, the so-called white arsenic, 
has a number of uses in the arts; it possesses 
a brilliantly white appearance, and was at one 
time used for putting on wall-papers, producing 
rich white designs, but since the arsenical wall- 
paper scare which occurred many years ago, 
when it was alleged that arsenic in wall-papers 
caused many deaths, this substance ceased to 
be used for that purpose. 

Like the metallic arsenic, the trioxide 
possesses some curious features. When 
heated it sublimes, forming well-defined te- 
trahedral and octahedral crystals on a com- 
paratively cold body held over the vapour, 
which are very characteristic of the arsenic 
trioxide sublimate, but when heated under 
pressure it becomes a transparent glass and 
remains so when cold. This solid glass, how- 
ever, soon begins to crystallise and to become 
opaque, and finally assumes the form of a 
dense porcelain-like white opaque body. 

White arsenic is used at present in large 
quantity for mixing with glass for the purpose 
of reducing or deoxidising the traces of per- 
oxide of iron which is usually contained in the 
finest white sand used for glass-making, and 
which tends, if not so deoxidised, to give a 
yellow tinge to the glass; the arsenious acid 
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reduces the peroxide to the protoxide, itself 
becoming converted into arsenic pentoxide, 
and this, together with the excess of white 
arsenic added, evaporates or sublimes, and is 
carried up the chimneys of the glass works 
in large quantities into the atmosphere in 
which it distributes itself and finally falls to 
the ground. In this way it is possible that 
people may from time to time in breathing the 
air contaminated with the fumes from glass 
works obtain considerable doses of arsenic, 
although I have not heard of any alleged 
poisoning due to this cause. It does not 
follow, however, that poisoning has not been so 
produced. We are well aware of the fact that 
epidemics of:poisoning are possible when the 
cause is not discovered for months, and some- 
times the cause is never discovered. 

Coal smoke contains a considerable quantity 
of arsenic vapour, which comes presumably 
from the pyrites or brass-like pieces which are 
seen in many varieties of coal. Dr. Stevenson 
Macadam, of Edinburgh, pointed out some 
years ago that soot contained a certain quantity 
of arsenic trioxide, and lately I found one 
sample of soot from a kitchen chimney to con- 
tain 14 grains of white arsenic per lb. of soot ; 
this would give 224 maximum medicinal doses 
of arsenic to the lb., or one dose to rather less 
than ł of an ounce of soot. This does not 
seem a serious quantity, but the smoke-laden 
atmosphere of large towns may owe some of 
the pernicious effects which it has upon those 
who come from country districts, and also 
upon those of less robust health to the minute 
quantities of arsenic which pervade it. 

It cannot, however, be taken that the arsenic 
contained in the soot of a chimney is any 
criterion of the amount of that material which 
finds its way into the atmosphere, because 
arsenic is being emitted from coal or coke fires 
when they are burning clearly and giving off 
no smoke. 

A more direct means of contamination from 
this cause is found in beers. Arsenic must 
be regarded as having been a natural con- 
stituent of beer from the method of drying 
malt which has been carried on throughout the 
last century. 

In the manufacture of malt, barley is steeped 
in water for some days, then put on a floor and 
turned over from time to time. It commences 
to sprout, and when the acrospire or sprout 
has become a certain length, the moist barley 
is carried on to the floor of a room covered 
with tiles, which are perforated with small holes 
sufficient to prevent the barley from falling 
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through, or the floor may be covered with wire 
gauze. In the room below this one, a large 
fire is kept up with coke or anthracite coal, 
and the hot air and fumes rise to the top of the 
room and pass through the small holes in the 
tiles, or meshes of the gauze and through the 
moist-sprouted barley, thus gradually drying it 
till it becomes crisp, as may be seen by break- 
ing some of the malt grains, the contents of 
which may be easily reduced to powder between 
the fingers. 

The germinated barley or malt is left on 
those drying floors for one to several days, and 
it is clear that some of the arsenic contained 
in the fuel employed will sublime or evaporate 
with the fumes from the burning anthracite coal 
or coke, and condense on the grains of malt 
as the hot gases and vapours filter through 
them into the room, on the floor of which the 
malt lies. This arsenic, or a part of it, has no 
doubt always been imparted to the beer brewed 
from it. I have recently analysed a number 
of samples of malt, and I give as follows the 
results which have been obtained :— 


1 sample contained 1-17th gr. of arsenic trioxide per lb. 


I ” 1-22nd T re 
12 », from 1-25th to 1-5o0th 53 
12 me », I-50th to 1-100th i 
22 »» 9, I-100th to 1-200th j 

7 5 less than 1-200th e 


7 samples were free from arsenic. 


It is obvious that the arsenic must collect on 
the outsides of the malt grains ; this is shown by 
the fact that malt ‘“‘ comes,” that is the sprouted 
part of the malt which is used for feeding 
cattle, and which is much smaller than the 
grain of malt, contains a much larger propor- 
tion of arsenic than the malt, and this is what 
might be expected considering that there is a 
much greater surface exposed to the fumes for 
the weight of the ‘‘come’’ than isthe case with 
the malt. One sample examined by me con- 
tained 1-7th of a grain per lb. 

After the malt has been thoroughly dried it 
is passed through a brushing machine with a 
view of removing any dust or loose cuticle 
from the outside. I have tried to get samples 
of this dust, but have up to the present have not 
obtained it. Dr. J. Niven, Medical Officer of 
Health for Manchester, has analysed this dust 
and found it to contain a large quantity of 
arsenic as compared with the malt itself. 

Taken roughly, about 24 lbs. of malt are em- 
ployed in the manufacture of 1 gallon of beer ; 
if then we take the maximum quantity of 
arsenic contained in these malts as1-17th of a 
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grain per lb., it is evident that assuming all | assuming the maximum quantity of arsenic 


this arsenic were to go into the beer it would ` 


give 24-17th of a grain per gallon, z.e., nearly 
1-7th of a grain, which must be regarded as a 
serious amount. 

My attention has also been called to the 
hops, which I have also analysed and found to 
contain arsenic, but in, smaller quantities than 
in the malt. The following are the results 
which I have obtained from the analysis of 


hops :— 
1 sample contained 1-8oth gr. of arsenic trioxide per lb. 
I = 1-100th m a 
3 » less than 1-200th 9 Bs 
2 samples were free from arsenic. 
Total—7. 


The amount of arsenic in hops is therefore 
very small, and may possibly have been intro- 
duced through the sulphur with which hops are 
frequently dressed; under any conditions the 
quantity of hops used per gallon of beer is so 
small, amounting only to about ? of an ounce 
per gallon, that the quantity of arsenic intro- 
duced through it is almost a negligible one. 

With a view of further elucidating this ques- 
tion, I have submitted to analysis a number of 
the samples of the different kinds of fuel used 
for drying malt. The fuel must be of such a 
nature that no tarry matters would be evolved 
during the burning, and, therefore, the material 
burned is confined either to anthracite coal or 
to coke. The following are the quantities of 
arsenic which I have found in these fuels :— 


ANTHRACITE COAL. 
1 sample contained 1-100th gr. of arsenic trioxide per Ib. 


I 1-150th 3 5 
8 » less than 1-200th - 
Total—1o. 
COKE. 

1 sample contained 1-3rd gr. of arsenic trioxide per Ib. 
I 5 1-7th m A 

5 „ from 1-10th to 1-25th = 

3 ” »» 1-25th to 1-Soth o 

2 a „ 1-50th to 1-rooth K: 


It will be seen that anthracite contains an 
exceedingly minute quantity of arsenic, whilst 
that contained in coke is in some instances a 
very considerable amount, If the old pro- 
cess of drying malt is continued, it is obvious 
that the use of coke must be stopped unless 
it can be shown that it is practically free 
from arsenic, as it is obvious that coke 
may contain quantities of arsenic which may 
prove dangerous to beer drinkers. About 1 lb. 
of fuel is required to dry 3 Ibs. of malt, so that 


contained in the fuel is condensed in the malt, 
this would give an amount of 1-9th of a grain 
of arsenic trioxide per lb. of malt, and would 
produce a beer containing 24-gths of a grain of 
arsenic per gallon, assuming the whole of that 
amount became dissolved in the beer produced, 
which would constitute a serious contamina- 
tion. 

It may be well here to give a brief 
description of the process employed in the 
manufacture of beer, so that a better idea may 
be obtained of the mode of contamination of 
the beer or possible methods by which part of 
the arsenic introduced in the materials em- 
ployed may be eliminated. 

The crushed malt is first introduced into a 
mash tun or copper, which is sometimes made 
of copper and sometimes of iron. If made of 
the latter the surface soon becomes covered 
with a coating of tannate of iron and resinous 
matter from the hops and malt, which protect 
the metal from the action of the wort. 

Water heated to 170° or 180° Fahr. is now 
pumped on to the malt. In this process the 
diastase, which is a chemical ferment, and 
which is found chiefly between the husk and 
grain of the barley, converts any starch which 
remains in the grain, and any other starch 
which is sometimes added at this stage of the 
process, into different kinds of sugar and into 
dextrine. This is by a process of chemically 
combining two molecules of water with the 
starch to convert it into sugar ; in other words, 
starch differs from sugar in having 12 atoms 
of carbon in chemical combination with 10 
molecules of water, whilst that quality of sugar 
known as grape sugar consists of 12 atoms of 
carbon in chemical combination with 12 mole- 
cules of water. The action of the diastase has 
this peculiar property of bringing about this 
change. When this transformation has been 
effected the liquor is drawn off from the spent 
grain and husks, and is then known as 
“wort.” 

The sugar solution or wort is now boiled 
with hops for the purpose of communicating to 
it the bitter and aromatic flavour peculiar to 
beer. The wort is then run off into fermenting 
vessels, being cooled in its passage from the 
tun to the fermenting vat, and the yeast is 
added to it and the mixture kept at a tempera- 
ture of about 70° Fahr. Yeast is a fungus 
consisting of cells which multiply by budding, 
which takes place with astonishing rapidity, 
breaking up the sugar into alcohol and carbon 
dioxide, which js ljberated as a heavy gąs 
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which collects over the beer in the fermenting 
vats. 

Now it is a remarkable fact that when beer 
is brewed from wort containing arsenic the 
yeast is found to contain a considerably larger 
proportionate amount of arsenic than the beer 
itself. Jt was suggested by myself, and since 
then, others have made the same assertion, 
that the yeast cells have the power of secreting 
arsenic from the wort. I have, however, on 
further investigation modified my views as to 
this, and although it is certain that an exces- 
sive quantity of arsenic is found in the yeast, it 
does not necessarily follow that it has been 
secreted by the yeast. 

In this brief sketch which I have made of the 
process of brewing you will note that the 
hops are boiled with the wort before the fer- 
mentation is commenced with the yeast. I 
examined some beers which were brewed from 
the same wort, one however being treated 
with larger quantities of hops than the other, 
and it was remarkable that the beer which 
had been treated with the lesser quantity con- 
tained considerably more arsenic than the one 
treated with the larger quantity of hops. It is 
thus evident that the hops contain some 
material which is capable of removing some of 
the arsenic from the beer or wort, and if this 
arsenic were precipitated it is evident that it 
would remain associated with the yeast. It 
follows, therefore, that the whole of the arsenic 
found in yeast is not due entirely to the 
secretive power of the yeast cell for arsenic, 
and it is yet questionable whether the yeast 
exercises any secretive action whatever on the 
arsenic. 

Hops are usually dressed with sulphur, and 
it is possible that during the fermentation 
a certain quantity of the sulphur is converted 
into sulphuretted hydrogen, and this would 
precipitate some of the arsenic in the form of 
the yellow sulphide, which would adhere to, or 
be separated along with, the yeast. 

Again, the hops contain some resinous 
matter which might also combine with the 
arsenic and render it insoluble. 

Yeast is employed in large quantities for the 
making of bread, and it is evident that if 
yeast which has been grown in wort containing 
arsenic be so employed, the bread in which 
such yeast is used would also contain arsenic. 
I have not had the opportunity of testing 
samples of bread for arsenic since the presence 
of comparatively large quantities of that metal 
has been discovered in beer; but it is evident 
that as such a relatively small quantity of 


yeast is employed in the baking of bread, it 
could only contain exceedingly minute quanti- 
ties of arsenic from this source. 

The following are the quantities of arsenic 
which I have found in pressed yeast :— 


1 sample contained 1-12th grain arsenic. 


I 33 1-22nd oF 
I ” 1-45th ” 
I ” 1-70th 9 
I ” 1-8oth 9 
2 Pe 1-130th 33 
Total—7. 


It may be argued that the amount of arsenic 
finding its way into beer through the malt must 
be exceedingly small and incapable of pro- 
ducing injury to health. I give as follows the 
results of the analyses of a number of beers 
analysed by me, some of which were repres 
sented as beers having been manufactured 
from malt and hops only, and which are 
therefore regarded by many as pure beers; 
these contain usually less than 1-80th part of 
a grain of arsenic :— 

2 contained 5-8ths gr. of arsenic trioxide per gallon 


2 9 $ 9 » ” 
I 9 1-3rd ” 9 99 
5 ” 1-Sth ” 29 ” 
3 ” 1-7th ” ”? ” 
2 9 1-1o0th ” ” ” 
23 ,, between 1-10th & 1-25th gr. ,, s 
61 ” ” 1-25th ” 1-50th > » ”» 
53 39 93 1-50th ” 1-100th > 99 ” 
23» ” 1-Tooth ” 1-200th 9 y» ,9 
24 5, less than 1-200th MET j 
21 samples were free from arsenic. 
Total—220. 


From these results it will be seen that it 
would be necessary for anyone to drink very 
large quantities of beer of average contamina- 
tion to obtain a minimum dose of arsenic, 
which, according to the British Pharmacopæia, 
is the one sixtieth part of a grain, and four 
times that quantity to obtain a maximum dose, 
which, according to the revised edition of the 
British Pharmacopeeia, is the one fifteenth of 
a grain (the maximum medicinal dose of txe 
previous or old edition of the British Pharma- 
copia was the twelfth of a grain, so that 
the revised edition has reduced the maximum 
dose by 20 per cent.) 

In administering medicinal doses of arsenic, 
it is frequently given three times a day, so 
that this would bring the quantity consumed 
to a twentieth of a grain as a minimum, and a 
fifth of a grain as a maximum dose per day, 
and to obtain these quantities through beer 
brewed in the usual way, it would be necessary 
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to consume three times the quantities which I 
have suggested. 

The question then arises, whether the 
presence of such minute quantities of arsenic 
can be regarded as prejudicial to health. This 
is a very debateable question. It may be 
argued by some that it has no injurious 
influence. 

Firstly, from the fact that medicinal doses are 
given of very much larger amounts, and that it 
is unlikely that even the most inveterate 
drinkers would consume more than the mini- 
mum medicinal dose per day. The other side 
of the question may be put by saying that 
whilst such doses are given regularly the treat- 
ment is not usually continued for more than a 
week or two at a time, and there appears to be 
a distinct silence amongst toxicologists and 
eminent medical men when asked whether 
they would consider it objectionable to health 
or otherwise for an individual to consume a 
minimum medicinal dose of arsenic per day 
for some years. The fact is that it may not be 
detrimental, but, on the other hand, no records 
are at hand which furnish any evidence on the 
point one way or the other. 

Secondly, it might be argued that alcohol is a 
poison and produces effects when taken over 
long periods which are regarded as chronic 
alcohol poisoning. Here again the evidence 
cannot be regarded as satisfactory. People 
suffering from ‘‘ chronic alcoholic poisoning ”’ 
usually belong to the lower classes, whose 
beverage in the majority of cases (at all events 
in England) is beer, and so the influence of 
alcohol has been associated with the influence 
of minute quantities of arsenic in most cases. 

Again it may be suggested that minute 
quantities of the most powerful poisons such 
as strychnine and prussic acid act as excellent 
tonics, but I am not aware of any recorded 
cases in which these poisons have been taken 
over a period of years as articles of daily con- 
sumption, and no definite experience of this 
kind appears to be on record. 

The alkaloids contained in tea and coffee act 
as a poison when taken in large quantities, but 
there is copious evidence that these beverages 
may be taken in small quantities for many years 
without producing serious results, and perhaps 
the same may be said of thealkaloids of tobacco, 
or the active principle which exists in tobacco 
smoke. 

It is questionable whether the effects 
vf the long-continued use of opium has 
not a deteriorating effect on the brain and 
other tissues. It must be admitted that the 


continued consumption of alcohol in large 
quantities produces serious changes in the 
liver, brain, and other organs, but there appears 
to be no evidence that the consumption of 
moderate quantities of alcohol injuriously 
affects the health. 

Similarly it must be admitted that no in- 
jurious influences have been traced to the 
consumption of beer in small or moderate 
quantities, whilst in the excessive use of any 
of these substances injury to health results. 

It is obvious, therefore, that the whole 
question of injury to health arising from the 
consumption of any of these substances resolves 
itself into one of quantity, and the questions 
arise first whether, say, the one-hundredth of a 
grain of arsenic taken daily for a number of 
years would cause serious degeneration of the 
tissues of the body; and, second, if it would 
not do so fer se, whether the combination of 
the alcohol and arsenic would produce serious 
results in the course of years, and whether 
the so-called alcoholic peripheral neuritis is 
not in many or most cases really combined 
alcoholic and arsenical neuritis. 

The difficulty, or, perhaps, impossibility of 
diagnosis is instanced by the fact that even the 
comparatively acute cases of arsenical poison- 
ing which occurred in large numbers in Man- 
chester recently were regarded for some months 
as alcoholic neuritis. 

Up till the year 1881 beer was brewed only 
from hops and malt. In that year Gladstone 
legislated for the so-called ‘‘ free mash tun,” 
which enabled brewers to use sugar from other 
sources than malt, and there quickly sprang up 
a large business in glucose prepared by the 
action of sulphuric acid upon starch. 

This form of glucose is usually prepared by 
heating under pressure starch—chiefly, per- 
haps, Indian corn or maize starch—for about 
fifteen minutes in boilers with water and a little 
sulphuric acid, about 2lb. or 3lb. to the cwt. 
This has the effect of converting the starch 
into sugar; the sugar solution thus produced 
is run off, and powdered chalk (which is the 
carbonate of lime) added to it. This com- 
bines with the sulphuric acid (which, by 
the way, has suffered no decomposition or 
change), and forms the insoluble sulphate of 
lime and liberates carbonic acid gas. The 
insoluble sulphate of lime is allowed to settle, 
along with any excess of chalk which is also 
insoluble, and so the sulphuric acid which con- 
verted the starch into sugar is thus separated 
as an insoluble white powder. The sugar solu- 
tion thus produced is dark-coloured, and with 
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a view of decolorizing it the solution is passed 
through animal charcoal, z.e., charcoal which 
has been produced by heating the bones of 
animals to redness in retorts. The sugar liquor 
is then evaporated to a thick syrup in vacuum 
pans (in which the water evaporates at a com- 
paratively low temperature) to prevent darken- 
ing of the solution, and the concentrated syrup 
is finally run off and allowed to cool, and is 
then ready for sale to the brewer. 

Sulphuric acid is seldom if ever free from 
arsenic. The purest sulphuric acid which I 
have found is that made by the burning of 
sulphuretted hydrogen obtained from the vat 
waste of alkali works by the process of Mr. 
Chance, and this contained about 1-15th of a 
grain per lb. 

Sulphuric acid is manufactured in immense 
quantities from Spanish copper pyrites, which 
is a chemical combination of sulphur with iron 
and copper. This compound is burned instead 
of sulphur, and produces the sulphurous acid 
gas, which is subsequently converted into 
sulphuric acid or oil of vitriol. In the burning 
operation large quantities of arsenic contained 
in the pyrites are also evaporated, and condense 
along with the sulphuric acid in the leaden 
chambers, and this acid usually contains as 
much as from o°2 to 0°4 per cent. of arsenic 
trioxide, but Professor H. B. Dixon found as 
much as 1°4 per cent. in one sample of acid 
which had been used for sugar manufacture, 
whilst Dr. Campbell Brown found upwards of 
2 per cent. in the sulphuric acid actually used 
by the sugar manufacturer. He found that 
between seven and eight tons of this acid was 
used per week, and that this amount would 
contain 300 lbs. of arsenic, equal to 2,100,000 
grains per week. As two grains of arsenic 
would be sufficient to kill an adult, he calcu- 
lates that sufficient arsenic was put into the 
sugar by the Liverpool manufacturers to kill 
upwards of 1,000,000 persons per week, 
and almost sufficient to kill every man, 
woman, and child in the United King- 
dom during the season of eight months 
during which this poison epidemic has been 
going on. The arsenic is sometimes re- 
moved from sulphuric acid by passing 
sulphuretted hydrogen through it when 
in a dilute condition; this forms the yellow 
sulphide of arsenic, which settles to the 
bottom, the supernatant liquor being then con- 
centrated for the supply of so-called sulphuric 
acid free from arsenic. 

I have analysed 18 samples of glucose or 
brewing sugars with the following results :— 
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I contained upwards of I gr. of arsenic per lb. of sugar. 
I ie less than 1-1ooth of a grain of arsenic. 


6 99 ” I -200th 9? 99 
10 were free from any trace of arsenic. 
Total—18. 


In 5 samples of caramel, 4 were free from any 
trace of arsenic and 1 contained 1-150th of a grain of 
that substance per lb. 

Samples of gypsum and kainit used for hardening 
water for brewing, and of fish glue and tartaric acid 
used as “ finings,” were found to be free from any 
trace of arsenic. 

Of 3 samples of common salt, 2 were free from 
arsenic and I contained less than 1-200th of grain of 
arsenic (trioxide) per lb. 

Two samples of Sicilian roll sulphur were both found 
to be free from arsenic, as were also 3 samples of 
flake maize and 1 of flake rice. 

Of 2 samples of sulphurous acid solution, 1 was 
free from arsenic and the other contained 1-1ooth of 
a grain per gallon. i 
1 sample of phosphate of soda contained 3 grains of 

arsenic per lb. 

1 sample of nitrate of soda contained 1-10th of a grain 
of arsenic per lb. 

3 samples of bisulphite of lime were all free from 
arsenic. 

1 sample of metabisulphite of potash contained 1-66th 
of a grain of arsenic per lb. 

1 sample of sulphite of lime contained less than 
1-500th of a grain of arsenic per lb., and 

1 sample was free from arsenic. 

It appears that although arsenic -free 
sulphuric acid had been ordéred by certain 
sugar manufacturers, and supplied for a long 
time by a certain firm of sulphuric acid manu- 
facturers, they deliberately sent sulphuric acid 
containing arsenic to a firm whom they knew 
to be “sugar refiners ’’ without telling them 
that any change had been made in the supply, 
and thus to save a few shillings per ton they 
produced the appalling disaster which has 
caused a large number of deaths and will cause 
probably years of suffering to thousands of 
persons in Lancashire. 

It is interesting as regards this disaster that 
although the extensive poisoning must have 
been going on from March or April of last year 
according to the evidence of the sulphuric acid 
manufacturers, and that at the infirmaries it 
was recognised that there wasa beer epidemic, 
and that in one locality the epidemic was even 
recognised by the beer drinkers as the brewers 
disease in which the name of the local brewer 
was associated, yet no serious attempt seems 
to have been made by any one to examine the 
beer chemically previous to the time when I 
made a chance visit as one of the trustees of 
the Manchester Infirmary on Saturday evening, 
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the 17th of November last, when I learned for the 
first time of this epidemic. The house surgeon 
of the infirmary, Dr. Sturrock, informed me of 
this epidemic and stated that it was evidently 
due to ptomaines produced during the fer- 
mentation of the beer, and that Dr. Reynolds 
intended to read a paper on the subject before 


one of the local medical societies on the fol- 


lowing week. I stated to Dr. Sturrock that the 
development of ptomaines during the fermen- 
tation was impossible, and that in my opinion 
the epidemic was caused by metallic poisoning, 
possibly lead, and that I would purchase some 
of the beer and submit it to analysis at once. 
I obtained the name and address of the beer- 
house from which one of the patients who was 
badly affected had obtained the beer, and the 
following Monday morning directed a mes- 
senger to go and buy some of that beer previous 
to my leaving town, and arranged with one of 
my assistants to examine it for metallic poisons. 
Unfortunately the address given could not be 
found, this was probably due to loss of memory 
on the part of the patient, produced by the 
action of the poison on the brain. This caused 
considerable delay. In the meantime, ac- 
cording to Dr. Reynolds’ statement before the 
Coroner, late the same Saturday evening a 
medical student purchased and brought to him 
a sample of the suspected beer, and he on 
the following day tested it for arsenic. Ac- 
cording to the evidence of Dr. Sissons of the 
Crumpsall Workhouse Hospital, near Man- 
chester, he and Dr. Reynolds came to the 
conclusion that the cases at the hospital were 
due to one of three causes, viz., beriberi, 
alcohol, or arsenic poisoning, and Dr. Dresch- 
feld had previously diaynosed one of the 
patients as suffering from arsenical poison- 
ing although there seemed no reason for sup- 
posing that the patient could have taken 
arsenic, and so it came that Dr. Reynolds 
was the first to find the real cause of the 
epidemic. I mention these facts to show how 
long serious poisoning may go on without 
active steps being taken to trace the cause, 
and to show that it isin the highest degree 
possible that if the sulphuric acid manufac- 
turer had ceased supplying arsenicated sul- 
phuric acid to the sugar manufacturers seven 
or eight months after the poisoning began, 
the origin of the epidemic would probably never 
have been discovered, and I think this should 
teach a lesson to medical men to be on the 
alert for possibilities of this kind. 

Brouardel mentions the case of poisoning by 
wine, which affected 40,000 persons in Paris, 
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the cause of which was never discovered, 
although the symptons were very similar to 
those in the Manchester heer epidemic, and 
Dr. E. Vinasra mentions a case of acute 
arsenical poisoning through salt, which took 
place in Lugano, in which 128 persons, mostly 
children, were affected. The salt was found 
to contain about half a per cent of arsenic. 

Further, as to this, I may mention a case 
which occurred in my own practice in the year 
1881. A banker in Manchester brought to me 
part of a bottle of sherry which had been stored 
by him for some years at the bank. He and 
his family had partaken of the wine for dinner, 
and immediately afterwards were seized with 
violent vomiting and purging. On examining 
the wine I observed a white deposit at the 
bettom of the bottle which I found to be white 
arsenic, and ascertained that the wine con- 
tained four grains of arsenic trioxide to the 
fluid ounce: thus an ordinary sherry glass 
would contain eight grains of white arsenic, 
which was about the quantity taken by four 
members of the family. I saw this gentleman 
a few weeks ago, and he informed me that 
himself and two of his family had the skin 
around the ankles stained with dark-coloured 
rings, which they attributed to the result of 
the arsenic poisoning. 

As another instance of the same kind, I may 
mention the case of a lady who had been ill 
for a long time, but whose medical adviser 
failed to discover the cause of the illness. She 
observed that on going from home she began 
to feel better, and on returning she began to 
get worse. She suspected that the water supply 
had something to do with her illness, and sent 
to me a sample for analysis without indicating 
the object for which she required it. I make it 
a point of testing waters for lead, and in this 
case reported that the water was highly con- 
taminated with that metal, and advised that it 
should not be used for drinking purposes. The 
medical attendant then, and only then, dis- 
covered that his patient had all the well- 
marked symptoms of lead poisoning. 

I might here refer to another possible cause 
of arsenic poisoning. It has from time to time 
been stated that green tapers contained arsenic, 
but after various successive arsenic scares one 
would think that the beautiful arsenic green 
would no longer be employed for any purpose 
connected with domestic use, yet in a paper 
read by Mr. Taylor before the Literary and 
Philosophical Society of Manchester, a few 
weeks ago, he says that out of six different 


green tapers recently purchased by him, two 
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were coloured with Scheele’s green, which is 
an arsenite of copper. The burning of these 
tapers would produce arsenical fumes in the 
air, and although, as he pointed out, tapers 
are not usually burned for more than a very 
short time, the quantity of arsenic breathed by 
the person burning them must be very small, 
but just as there are cases of men who drink 
two or more gallons of beer per day, where one 
would expect the ordinary person to be content 
with an imperial pint or quart, so one can 
imagine it possible for people to burn many 
green tapers in a confined space, and so 
become victims to arsenical poisoning. 
Attention has been drawn to the possibility 
of fruit and vegetables for human consumption 
being contaminated with arsenic from the use 
of superphosphate manures, which almost 


invariably contain that poison in greater or | 


lesser quantities, and also from spraying the 
plants with Paris green, which is an arsenic 
compound for the destruction of insects, but up 
to the present there seems no authentic case of 
poisoning having resulted from this cause. 

It is remarkable that most American glucoses 
are free from any trace of arsenic which can 
be detected by acting upon 10 grammes 
(about 1-3rd of an ounce) of the sugar. Accord- 
ing to Kelynack and Kirby, nearly all the 
sugars which they examined which contained 
arsenic also contained a trace of free acid, and 
nearly all those in which they found no trace of 
arsenic were neutral. It may be inferred from 
this, that if the sulphuric acid used for convert- 
ing the starch into sugar be thoroughly neutra- 
lised, all traces of arsenic would be removed 
with the sulphate of lime, and it is still more 
remarkable that in no case have jams (in the 
manufacture of which glucose is largely em- 
ployed) been found to contain any trace of 
arsenic. I have myself examined a number, 
and my results agree with those of others who 
have made similar investigations. 

I have also examined for arsenic various 
other food materials, including chocolate, 
sweetmeats, sugar, tea, pickles, treacle, 
various medicines and drugs, jam, biscuits, 
marmalade, lemonade, &c., and have found 
them free from any trace of arsenic. Liquorice 
Jujubes were found to contain 1-35th of a grain 
of arsenic per lb., Spanish juice 1-7oth, and 
chicory 1-150th. 


DISCUSSION. 


Sir T. LAUDER BRUNTON, M.D., F.R.S., wished 
to say a few words with regard to the symptoms 


produced by arsenic in beer. Arsenic could be 
taken into the system in various ways. Once in, 
it was carried to every part of the system. Whilst 
circulating in the blood it acted chiefly upon the 
nervous system, more especially upon the nerve 
trunks and nerve fibres. On going out of the 
body it passed through the mucous membranes and 
the respiratory and digestive passages, and might 
produce the same symptoms of poisoning as it did on 
its way in. In the nerves three distinct functions 
were found—(1) the nerves conveyed motor impres- 
sions from the brain to the muscles so as to set 
the limbs in action; (2) they conveyed sensory 
impressions from the extremities to the brain, so 
that the person might be conscious of what was 
happening around; and (3) they conveyed nutritive 
power from the centre to the periphery, so that if 
they ceased to act, the muscles and the skin lost their 
nutrition. The muscles became weak and flabby, and 
finally might be paralyzed, and the skin became 
altered in its nutrition, so that instead of preserving 
its ordinary functions, it lost them. The skin itself be- 
came deeply pigmented. Those were the most marked 
symptoms produced by arsenic, when taken in the 
quantities, stated to be contained in the incriminated 
beer. The symptoms produced in the epidemic in 
Paris, in 1838, were identical in every respect. They 
were not traced to the wine of the town, though it 
was probable that had something to do with the 
symptoms. It was noticed especially, that when 
soldiers left barracks, in which they had been 
suffering from symptoms, the symptoms disappeared, 
reappearing on the soldiers’ return. It looked as if 
they had come to an infected place, but no one at 
the time dreamed of connecting the infection with 
the wine shops to which the soldiers resorted. He 
had had a personal experience of arsenic poisoning 
thirty years ago. He had one of his rooms papered. 
A short time after he noticed that he had an extra- 
ordinarily good appetite, but, unfortunately, after 
taking the food he had pains in the abdomen. He 
suspected arsenic, and on submitting the paper to an 
analytical chemist, he was informed it was loaded 
with arsenic. Whilst the epidemic in Manchester 
was a most unfortunate thing in one respect, by the 
suffering and deaths it had caused, in other respects it 
was a very good thing, because it would direct public 
attention to the necessity of looking after poisons 
where no one had ever suspected them; and no doubt 
not only would beer in the future be free from arsenic, 
but many other things would be free also, and a great 
many diseases, due to unsuspected poisoning, would 
be prevented. 


Mr. GORDON SALAMON thought Sir Lauder 
Brunton would agree that the question must be 
distinctly divided in respect of its effects upon 
the community into two phases—(1) that which 
dealt with arsenic present as a contamination, and 
(2) that which dealt with arsenic present in traces. 
The greater portion of the paper had been de- 
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voted to questions connected with traces rather 
than with large quantities of arsenic. The calamity 
in Manchester was due to gross contamination. 
That was a totally different thing to stating that malt 
contained 1-200ths of a grain of arsenic trioxide in 
a lb. In order to realise what that meant it must 
be remembered that a lb. contained 7,000 grains, 
and that a gallon of water weighed 10 lbs., and 
weighed 70,000 grains. Therefore, he did not think 
the epidemic in Manchester ought to be considered 
on the same grounds as when one dealt with possible 
traces or arsenic in such quantities as had been 
alluded to by Mr. Thomson. It must not be thought 
that the brewers had used the sugar for purposes 
of economy; they had used it as a legitimate and 
genuine industrial process. He was sure the Chair- 
man would be the last to attempt to fetter the 
progress of an industry, provided the public was 
adequately safeguarded. Obviously, there must never 
be a recurrance of the disaster, but that might safely 
be left to the Royal Commission. He protested against 
limiting the possible progress of technical industries, 
and mixing such questions up with political tactics or 
agitation. If industries were to be thus restricted, 
and men not versed in the special features attaching 
to those industries were to be allowed to tell its 
leaders how they were to conduct their business, he 
thought, having regard to what was being done 
abroad, it would be a very sorry day for England 
when such a state of things was tolerated. He did 
not say that any noxious impurities ought to 
be allowed, or that food purity ought not to 
be properly protected; but it should be left in 
the hands of those who were competent to deal 
with such a question, whilst the industry was 
given as much scope as possible for progress. With 
reference to the question of traces, Mr. Thomson 
had alleged that malt contained arsenic. Un- 
doubtedly some malts did contain traces of arsenic ; 
the accuracy, however, of the quantitative estima- 
tion of those traces was, in his opinion, open to very 
grave question. He had examined hundreds of 
samples of malt which did not contain a trace of 
arsenic. It depended upon the nature of the fuel 
employed for the kilning operation. The barley and 
malt might be kilned with a material which would 
contaminate it. It was equally possible to obtain a 
fuel that did not contain any arsenic whatever. Most 
of the anthracites, and some cokes if properly selected, 
yielded malts free from arsenic. In any event the 
quantities which ruled were so small when arsenic 
was present as to constitute traces which attached 
not only to beer but to many other foodstuffs he had 
examined. Hops were liable to contamination in 
traces; York hams, tea and grapes, and also many 
other substances in connection with which sulphur 
or its compounds was used; but certainly precautions 
were taken abroad in the drying of hops to prevent 
the possible contamination even of these traces. As 
to whether, in the opinion of medical men, it would be 
necessary to take similar steps in England was a matter 


which the Royal Commission would possibly inquire 
into. He differed from Mr. Thomson when he said 
that certain sulphurs, particularly that obtained from 
the Chance recovery process, contained arsenic. It 
depended from what source the sulphur was obtained. 
If the Claus kiln used in the burning of the sulphur 
was made of old furnace bricks contaminated with 
arsenic, the sulphur would contain a minute trace, but 
under ordinary circumstances it was quite free. The 
bulk of Sicilian sulphur was arsenic-free, and Mr. 
Thomson admitted that roll sulphur was free from 
arsenic, and this therefore gave the possibility of 
making a sulphuric acid free from arsenic. He believed 
that all brimstone acids made in England were free 
from arsenic, and the process for purifying sulphuric 
acid from arsenic, adopted by the Pyrites sulphuric acid 
makers, was distinctly one which gave an acid free from 
arsenic. Mr. Chaplin, ina recent letter to the Zirmes, 
quoted from Mr. Winter Blyth’s book on food, and 
suggested that it was well known that arsenic would 
appear in glucose, and that such was brought 
to the notice of the Beer Materials Committee. 
The statement in the book went further, however, 
than indicated by the right hon. gentleman, and in 
referring to the presence of arsenic in glucose, 
pointed out that the quantities amounted in the case 
of white glucose to ‘ol grammes per kilogramme, 
whereas Manchester sugar, which was contaminated, 
contained ‘os per cent., as against the ‘Of grammes in 
a kilogramme, or ‘oo1 per cent. Therefore they were 
only warned that traces of arsenic might be there, as 
they might be in many foods; but they were never 
warned, nor had they reason to think, that brewing 
sugar, properly made and legitimately used, con- 
tained any appreciable quantities of arsenic. He 
wished to say that, in conjunction with his col- 
leagues on the Manchester Commission, he had 
independently examined every make of brewing 
sugar collected from all sources, and he had not 
found arsenic in any of them, with the exception of 
those unfortunate productions which were the cause 
of the terrible calamity in Manchester. 


Mr. H. STOPES said, that to his mind, the most 
serious point was the large amount of evidence given 
as to the presence of arsenic in malt as well as in the 
unfortunate sugar used in Manchester. He thought 
it would be a deplorable thing for the brewing trade, 
if the idea were spread abroad that it was practically 
impossible to obtain beer not heavily contaminated 
with arsenic. The figures already given as to the 
amount of arsenic present in malt, were sufficient only 
to prove that in almost. all cases where arsenical con- 
tamination was suspected, it was simply a negligible 
quantity. He thought, as a consequence, that every 
brewer, as well as everyone interested in the manu- 
facture of malt, would do well to look, with very 
great suspicion, upon the evidence advanced, that 
arsenic was to be found in all malts. He had no 
hesitation in saying that there was probably a very 
much larger quantity of malt made which did not 
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contain the slightest trace of arsenic, and if the right 
steps were taken malt could be made perfectly free. 
He thought a very great mistake had been made 
in supposing that the presence of arsenic was 
due to the type or construction of the kiln used. 
That was simply absurd. If arsenic was present in 
malt there could be no doubt that it arose 
from its presence in the fuel prior to combustion, 
and in order to prevent the presence of arsenic 
only fuel must be employed which was free 
from arsenic, or so free that whatever slight traces 
were present might be ignored. All good maltsters 
paid very considerable attention to the quality of 
fuel burnt, and few used gas coke of so poor a quality 
that a sufficient quantity of arsenic was present to be 
dangerous. To assume that the drying of malt could 
be effected by merely the passing through of air 
which had present none of the products of combus- 
tion would be a great mistake—especially to those 
who persisted in using the English system of brewing. 
He believed it would be found that throughout 
the larger portion practically of Great Britain, no 
trace whatever would be found of arsenic. If a 
certain locality used inferior types of gas coke, 
it should be known, so that the uneasy suspicion 
which haunted the minds of every beer-drinker 
might be allayed. It was desirable to point out 
that the quantity of malt claimed to be dried per 
pound of fuel was altogether too small. He had 
had much experience in the matter, and he had never 
found a kiln of such poor construction and so defec- 
tive in its working that it did not dry more than 3 Ibs. 
of malt per pound of fuel used. If the amount of 
arsenic was determined by the amount of fuel burnt 
in drying the malt, that calculation should be 
corrected. There was in the minds of consumers 
of beer a great deal of uneasiness which should be 
allayed, otherwise ‘‘ good old English beer,” which had 
done so much to make Britons what they were, would 
disappear, and it was very undesirable indeed that beer 
should cease to be the national beverage. England 
grew exceedingly good barley, which maltsters made 
into good malt, and which a very large proportion of 
the brewers made into good beer, and, as a conse- 
quence, it was most undesirable, seeing that so many 
honest, respectable, and reputable tradesmen were 
concerned, that things should get abroad which 
which would have the unhappy influence of exerting 
so much undue prejudice and do so much grave 


harm. 


Mr. C.GARTON thought Mr. Thomson had made a 
mistake in supposing that sugar and flaked rice had 
only been used since 1881; as a matter of ‘fact 
sugar was used in 1861. Mr. Stopes had said that 
if maltsters would see that arsenic was not contained 
in their fuel, the resulting malt would be free from 
arsenic ; as a manufacturer of brewery sugar, he could 
say that if care was taken that arsenic was not in the 

a cid it would not be in the sugar. 
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Lieut.-Colonel ALLAN CUNNINGHAM narrated an 
instance in which arsenic was not introduced into 
the beer by the vendors. Two companies of British 
soldiers were found to be suffering from arsenic poison- 
ing, which was traced to beer. It was eventually 
discovered that the beer had been placed in casks 
used in one of the bazaars for storing arsenic. The 
scrapings of the inside of the casks showed a con- 
siderable quantity of arsenic. 


Mr. C. E. CASSAL defended the much-abused public 
analysts, who had failed to report the presence of 
arsenic in beer. The gentlemen who composed the 
local authority seemed to forget that arsenic in 
traces could not be regarded as a violation of the 
Food and Drugs Act, and that an amending Act 
would have to be passed to enable local authorities 
to prosecute vendors of beer containing traces of 
arsenic. The Beer Materials Committee in their 
majority report stated that no danger was to be 
apprehended from the use of substitutes in the 
making of beer, and that the public might rest 
assured that they were safe in the hands of those 
who used sugar substitutes. The result had proved 
how valuable that conclusion had been. Unless 
the Royal Commission approached the consideration of 
the subject in a different spirit from that which 
animated the Beer Materials Committee, they would be 
in the end very much where they were before. The 
protection of the public could not be left either to the 
maltster, or to the brewer or provider of the com- 
modity; the protection of the public must be in the 
hands of public authorities and officers who could not 
be influenced by any considerations of a private or 
professional nature. That was the only protection 
possible or desirable, and the only one which should 
be advocated and insured by the Royal Commission. 


Mr. WILLIAM THOMSON, in reply, said he was not 
able to follow Mr. Salamon’s remarks as to whether 
minute traces of arsenic should be allowed in malt 
or not. He had given the results of the analysis 
he made, and it was immaterial to him whether there 
were minute traces or large quantities. He had also 
shown that one malt he obtained contained 1-17th 
grain of arsenic, which, if converted into beer, would 
produce a very considerable contamination. Whilst, 
therefore, there might be very minute quantities in 
some beers, the chance of there being very considerable 
quantities in others was very probable indeed. It was 
not likely that maltsters would take, or had taken in 
the past, such precautions as to preclude the use of 
fuel which contained arsenic; it would be a most 
serious matter if they had to examine every sample ‘of 
coke or anthracite employed before using it for 
drying the malt. So far as he could detect, he had 
found a number of the sugars absolutely free 
from any trace of arsenic, and as a whole they 
contained less than the malt. Most of the malts 
he had obtained had been contaminated with 
arsenic. Mr. Salaman suggested that there was 
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arsenic in everything. He had not found that. He 
had not found arsenic in tea; he had not examined 
grapes. In food only one standard could be taken 
and that was that no foodstuff should contain any 
trace of arsenic. The malt, for instance, could be dried 
without contaminating it with any traces of arsenic, 
and the public must demand that this standard be 
respected. With regard to Mr. Stopes’ remarks that 
it would be unfortunate to let the British public 
understand that malt could not be produced 
without being contaminated with arsenic from 
the way in which it was produced now, he 
thought the sooner the British public understood 
that they were, at all events, taking minute traces of 
arsenic which might, or might not, be injurious to 
their health, the better it would be. When minute 
traces of arsenic were taken into the stomach, they 
acted, perhaps, in a different way from what would 
be expected from the smallness of the figure. It was 
difficult to understand, chemically, why the fact of 
carbonic acid and a little sulphurous acid going 
amongst the malt in drying, should give a different 
effect from drying with hot air. If necessary, the 
burning of a little sulphur to bleach the malt might 
be practised; but it was qnite evident that exceed- 
ingly hot air could be produced which would dry 
the malt sufficiently, without giving the malt any 
trace of arsenic. The test adopted by the brewers, 
was not one which would detect the traces so 
accurately as it might do. Even when the arsenic 
had been reduced to the condition in which it could 
be separated by the copper, there was no suggestion 
that some of the arsenic would volatilise; as a matter 
of fact, part would volatilise, and therefore a certain 
amounnt would be lost in the process which was 
recommended. The test might be satisfactory in 
showing that beer which was not absolutely poisonous 
was being used, but he thought that was not a 
sufficient protection for the public. 


The CHAIRMAN said the most important point in 
the paper was the reference to the presence of arsenic 
in malt, derived from the coal or coke used in drying. 
However much the presence of arsenic might have 
been anticipated in glucose, no one anticipated that 
much arsenic would be put into beer through that 
agency. From that point of view there was not much 
to be said for the one side or the other, but the 
remarks made during the discussion were of im- 
portance as teaching that their heads should be kept 
cool, and that they should not allow themselves to be led 
away by sentiment. The consideration of the question 
had been put in the hands of men who should be 
capable of looking at it from every point of view, and 
of arriving at properconclusions. It was undoubtedly 
desirable, in the interests of the count ry, that no action 
should be taken to serve any political ends which would 
in any way tend to hamper industries. Mr. Thomson 
had pointed out that what had happened might be a 
lesson to medical men as teaching them to look 
out more carefully. Sir Lauder Brunton made a 
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similar remark, when he said that the epidemic 
had been in many ways a good thing, because it 
would lead the public to look out. No doubt that 
was the right view to take. He had no belief in 
putting themselves in the hands of the public 
analyst in the future—to regard him as the salva- 
tion of society. They must go to headquarters and 
insist that the manufacturers should be competent. 
When it was felt that the men who were engaged in 
manufacturing industries of various kinds were com- 
petent to do their work, and were fully aware of all 
that was involved —and he believed there was no 
class of the community who were more on the way 
towards attaining that state than the brewers— 
the position would be a safe one. The present 
inquiry had shown they were not safe in rely- 
ing on any set of policemen for protection. Police- 
men were liable to fall asleep, and only look out for 
patticular things. A chemist could not be expected, 
for his small fee, to make a complete analysis. 


In conclusion, the CHAIRMAN moved a hearty 
vote of thanks to Mr. Thomson, which was carried 
unanimously. 


Miscellaneous. 


—_——@————— 


THE HISTORIC DEVELOPMENT OF THE 
ART OF MOSAIC.* 


Mosaic is the combination of different coloured 
small pieces of hard substances, such as marbles, 
stones, pastes of glass, &c., to form a design which 
may be either a geometrical pattern or a picture. 
There are really two divisions into which mosaic may 
be divided as far as the method of combination is 
concerned. The first is the arrangement of small 
cubes by which the decorative result is arrived at, and 
the other is the arrangement of inlays, in which the 
various figures are cut out of a ground and filled in 
with another material or diverse colours of the same 
material. Though these are, broadly, the two main 
divisions there are many different varieties of both 
of them. 

The art has been practised from the very earliest 
times, and there are records of mosaic pavements in 
Egypt 2,300 years before Christ. Strange to say 
there are, however, no remains of mosaic work to be 
seen amongst the ruins of the vanished civilization 
on the banks of the Nile, but, nevertheless, in the 
Egyptian collection at Turin, there is the fragment of 
a mummy case, the pictures of which are executed 
in mosaic with wonderful precision and truth. The 
material is enamel, and the colours are of different 
hues, whilst the subject is one representing birds. 
It is believed to be the only example existing of 
Egyptian mosaic. 

The Greeks were most proficient and carried the 
ee ee ON ee 


* Communication by Guy Wilfrid Hayler. 
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art to its highest perfection. They diverted it from 
its original purpose, which was the embellishment of 
pavements, and their skilful practice in it led to its 
usurpation of the position of oil painting. It, 
therefore, became extensively used for the decoration 
of upright surfaces and ceilings. An Italian writer 
has divided mosaics into four classes, viz. :— Tesse- 
lated and Sectile applied to pavements generally, 
and Fictile and Ver miculated or pictorial, applied to 
walls and ceilings. A particular kind of mosaic was 
used to adorn the pavement of a dining-hall. It was 
called Asaroton, and represented the crumbs and 
remains of a repast which would be lying on an un- 
swept floor. It is supposed to have been introduced 
by Sosus, of Pergamus, the first artist in mosaic, of 
importance, of whom we hear. 

Mosaic was the most important decoration used in 
the Basilicas of the Roman Empire, and in the 
churches erected under Constantine and his suc- 
cessors, whilst it was also used with profusion in 
other public and private edifices. 

The Greeks at first preferred marble to any other 
material, but in course of time as they introduced new 
methods and ideas they came to use glass in one 
form or another, and under certain circumstances 
bone, ivory, and mother-of-pearl. The main reason 
why marble was abandoned is not far to seek, for it 
is evident that chemical and mechanical mixtures of 
glass and colours, together with the advent of gold 
and silver leaf under the glass, produced a wonderful 
splendour and artistic effect previously unknown. 

From the fact of the impervious and inflexible 
character of the material, mosaic, whether in colour or 
stability, experiences no change under the action of 
any kind of weather. It, therefore, has an excellent 
opportunity imparted to it for representing historical 
scenes, and of handing down a true pictorial account 
of important ceremonies. The Popes by causing the 
finest paintings of the Vatican to be reproduced in 
mosaic at St. Peter’s have made assurance of their 
legacy to perpetuity. 

Mons. Jules Labarte in his ‘‘ Hand-book of the 
Arts ofthe Middle Ages,” says, ‘‘ Mosaic was destined 
to perish by the hands of those who had carried it to 
perfection, since painting, restored by these great 
masters, proved too powerful a rival. Instead of per- 
petuating the gigantic figures of solemn severe aspect 
which portrayed the Saviour, the Virgin, and the 
Apostles, according to the type of the Byzantine 
school, the artists in mosaic endeavoured by the most 
elaborate finish and minuteness to imitate the details 
of painting. But when once it departed from its 
sphere, mosaic experienced the fate of painting upon 
glass, and was almost entirely discontinued.” Still 
the art continued to flourish at Venice till nearly the 
end of the 16th century, having the support of 
the Senate and of Titian, the latter instructing the 
artists to restore the Byzantine mosaics of St. 
Mark’s, and furnishing them with coloured cartoons 
for that purpose. 

The mosaics at St. Mark’s, at Venice, are an 


incomparable series, and in them may be traced the 
progress of art, beginning with the 11th century. 
In 1879, Ruskin wrote ‘‘ Every hour of my life, these 
mosaics become more precious both for their art and 
their meaning ;’’ and he raised a great deal of con- 
troversy through his action in opposing the auth- 
orities who were carrying out restoration schemes. 
Fortunately, he was successful in averting further 
injury, and the greatest care is now taken in main- 
taining the building in its integrity. The mosaics 
in question represent ;—The Wood of the Holy Cross 
Festival, Christ surrounded by the Prophets, the 
Doge, Clergy and People of Venice, three of the 
Apostles witnessing the Ascension (11th century 
work), the Virtues (sixteen in the series), the Four 
Evangelists, the Four Rivers of Paradise, King David 
and the Madonna, King Solomon and Ezechiel, 
Christ surrounded by the Principalities and Powers of 
Heaven, and other religious subjects. 

The effort to reduce mosaic art to a representation 
of paintings made it necessary to improve the 
material, and, therefore, coloured enamels of various 
shapes and sizes were introduced, and of different 
shades, with most delicate tints and half tints. 
The end of the 17th century, therefore, witnessed 
the restoration to favour—to a great measure—of 
mosaic, and it was very widely used for the repro- 
duction of the paintings of the great masters. 

The mosaic found at Hadrian’s Villa, near Tivoli, 
and now in the Capitoline Museum, shows the great 
perfection to which the early Greeks (it being 
Grecian work) attained in the art. One example 
represents a vase full of water, on the sides of which 
are four doves, one of which is in the act of drinking. 
It is composed entirely of cubes of marble without 
any admixture of coloured glass, thus showing that it 
is some of the earliest work of its kind. A mosaic found 
at Pompeii represents three masked figures playing 
musical instruments, and it is formed of very small 
pieces of glass of different colours. The value of this 
work is enhanced by the artist’s name — Dioscorides 
of Samos—being worked upon it. A more remark- 
able mosaic was discovered in the House of the Faun, 
and it is now in the museum at Naples. It shows 
the progress of a battle between Greeks and barba- 
rians, and Professor Quaranta refers the picture to 
the battle of Issus. The Grecian leader is supposed 
to be Alexander the Great, and if this is so, the 
mosaic is probably the copy of a picture by Apelles, 
the only artist privileged to paint the Macedonian 
conqueror. Unfortunately the work has suffered some 
damage, but it was in this mutilated state when 
discovered, and seems to have been under a 
process of reparation. The border represents a 
river, thought by some to be the Nile, and they 
think that the mosaic is probably a copy of a picture 
on the same subject, painted by Helena, an 
Egyptian female artist, and brought to Rome by 
Vespasian. 

The finest mosaic pavement in England and one 
of the finest in Europe is to be seen at the Roman 
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villa, Bognor, Sussex, where it was discovered in 
1811. It represents an old man’s head, a Medusa, 
a Ganymede, and a combat of lions. There are also 
some beautiful border designs and the whole is in a 
state of excellent preservation. At the Roman villa 
at Northleigh, Oxfordshire, there are some very good 
mosaic pavements, and amongst the Roman 
antiquities in the British Museum there is a specitnen 
which was found at Withington, Gloucestershire, 
and which depicts Neptune and other marine 
figures. In the Graeco-Roman collection at the 
British Museum there are tesselated pavements and 
mosaics chiefly from Carthage and Halicarnassus, 
and amongst those from the latter place is a large speci- 
men representing Aphrodite rising from the sea, and 
another, a large bay wreath containing words of felicity. 

Amongst the discoveries of ancient mosaic in 
recent years, is the find, in 1896, in the island of 
Minos, of an excellent specimen in a splendid state 
of preservation, representing vegetables, birds, and 
fishes. In 1897, at Madaba, in Palestine, a valuable 
mosaic was discovered, which exhibited a plan of the 
Holy Land in the 5th or 6th century of onr era, and 
which has enabled the exact site of the Church of the 
Holy Sepulchre—which was destroyed by the Per- 
sians A.D. 611—to be determined. In the same 
year, at Torre Annunziata, the village near Pompeii, 
a mosaic in very good condition was discovered 
which represents a scene in a school of Philosophy. 
In 1898 a very good example of Roman mosaic was 
unearthed at Silchester, near Reading, where most 
energetic excavations are proceeding, and last year 
(1899) more discoveries were made there of mosaic 
pavements of a simple pattern. 

The Romans have left behind no more distinct 
traces of their occupation of the various countries 
than the numerous, and in most cases well preserved, 
mosaic pavements of their edifices, which remain to 
us to-day as an evidence of their remarkable artistic 
power and clever mechanical skill. 

The following list of Mediæval glass wall mosaics is 
considered by Professor Middleton as embracing the 
ohief examples of their kind :— 

Rome.—Sth century work—St. Paulo fuori le 
mura, triumphal arch; St. Maria Maggiore, square 
pictures over nave columns, and triumphal arch. 
6th century—Saints Cosmas and Damian, apse. 
7th century work — St. Agnese, fuori le mura, 
apse, 626; St. Teodoro. 8th century work — 
Baptistory of St. Giovanni in Laterano ; Saints Nereus 
and Achilles, gth century work— St. Cecilia in 
Trastevere, apse; St. Marco, apse; St. Maria della 
Navicella, apse and “ Chapel of the Column; ” St. 
Prassede, triumphal arch; St. Pudenziana, 884. 
12th century work—St. Clemente, apse; St. Fran- 
cesca Romana, apse; St. Maria in Trastevere, apse. 
13th century work—St. Paolo fuori le mura, apse; 
St. Clemente, triumphal arch, 1297; St. Giovanni 
Laterano, apse by Jacopo da Turrita, 1290; St. 
Maria Maggiore, apse and western end by Jacopo da 
Turrita, 1292-1299, and Taddeo Gaddi. 14th century 


JOURNAL OF THE SOCIETY OF ARTS. 


[February 15, 1901. 


work—St. Peter’s, navicella in atrium, by Giotto ; St. 
Maria in Cosmedin, on walls, by Pietro Cavallini, c. 
1340. 

Jerusalem.—7th century work— Dome of the 
Rock,” arches of ambulatory, 688. 8th century work 
—Mosque of Al-Aska, on dome. 11th century work 
—‘* Dome of the Rock,” base and cupola, 1027. 

Milan. —5th century work—St. Ambrogio, Chapel 
ol St. Satiro, vault. 6th century work—St. Lorenzo, 
Chapel of St. Aquilinus, vault. gth century work— 
St. Ambrogio, apse, 832. 

Florence.—13th century work—Baptistery vault, 
c. 1225, by Fra. Jacopo; St. Miniato, apse and 
western front. 14th century work — Baptistry, 
finished by Andrea Tafi. 

Ravenna.—5sth century work—Orthodox Baptistry, 
vault; Tomb of Galla Placidia, vault 450; Arch- 
bishops Chapel, vault. 6th century work—Anan 
Baptistry, vault; St. Apollinare Nuovo, apse and 
nave, with oth century additions; St. Vitale, apse 
and whole sanctuary, 547; St. Apollinare in Classe 
apse and nave, 549. : 


Constantinople.—6th century work—St. Sophia, 
walls and vault, circa, 550. 11th century work— 
St. Saviour, walls and domes. 

Venice.—12th century work—St. Mark’s, narthex, 
apse, walls of nave and aisles. 14th century work— 
Saints Giovanni e Paolo, in arch over effigy of Doge 
Morosini. 

Fundi.—sth century work—Cathedral, apse. 

Nola.—5th century work—Cathedral, apse. 

Thessalonica.—6th century work—Church of St. 
George, apse, &c.; St. Sophia, dome and apse. 

Trebizond.—6th century work—St. Sophia, apse. 

Mount Sinai.—8th century work—Chapel of the 
Transfiguration. 

Cordova.—1oth century work—Nihrab (sanctuary) 
of Mosque. 

Capua.—12th century work—Cathedral, apse. 

Torcello.—12th century work—Cathedral, apse. 

Murano.—1!2th century work—Cathedral, apse. 

Salerno.—12th century work —Cathedral, apse. 

Palermo.—12th century work—Capella Palatina, 
began 1132, the whole walls; Church of La 
Martorana, vault. ` 

Monreale.—12th century work—Cathedral, the 
whole walls, 1170-1190. 

Bethlehem.—12th century work—Church of the 
Nativity, 1169. 

Afalé..—12th century work— Cathedral, apse 1148. 

Pisa.—14th century work— Cathedral, east apse by 
Cimabue, 1302; north and south apses, by his pupils. 


MEETINGS OF THE SOCIETY. 
ORDINARY MEETINGS. 
Wednesday evenings, at Eight o’clock :— 

FEBRUARY 20.—‘“‘ Some Features of Railway 
Travelling, Past and Present.” By FREDERICK 
MCDERMOTT. H. GRAHAM Harris, M.Inst.C.E., 
Vice-President of the Society, will preside, 
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FEBRUARY 27.—“ The Outlook for the World’s 
Timber Supply.” By Dr. W. ScHLIcnh, C.I.E. Sir 
WILLIAM THISELTON - DYER, K.C.M.G., F.R.S., 
will preside. 

MARCH 6.—‘‘Modern Artillery.” By 
ARTHUR TREVOR Dawson, late R.N. 
BENJAMIN BAKER, K.C.M.G., will preside. 

MARCH 13.—“ The Proposed High-Speed ‘ Mono- 


LIEUT. 
SIR 


rail’ between Liverpool and Manchester.” By F. B. 
BEHR. SIR WILLIAM PREECE, K.C.B., F.R.S., 
will preside. . 


MARCH 20.—‘‘ Evolution of Form in English 
Silver Plate.” By Percy T. MaAcquorp. SIR 
SAMUEL MONTAGU, Bart., will preside. 

MARCH 27.—‘ Clocks, Carillons, and Bells.” By 
A. A. JOHNSTON. 

APRIL 17.—‘* The Synthesis of Indigo.” By 
Pror. RAPHAEL MELDOLA, F.R.S. SIR HENRY 
E. Roscoe, LL.D., D.C.L., F.R.S., will preside. 

APRIL 24. — 

May 1.— “Thames Steamboat Service.” By 
ARNOLD F. HILLS. SIR FREDERICK BRAMWELL, 
Bart., D.C.L., F.R.S., Treasurer of the Society, will 
preside. 

Dates to be hereafter announced :— 

« Multicolour Printing.” By ELMER Z. TAYLOR. 

‘Recent Work on the Photography of Colour.” 
By Sır WILLIAM ABNEY, K.C.B., F.R.S. 

“ School Work in Relation to Business.’ By 
Sır JosHuA FITCH, LL.D. 

“ Patent Law Reform.” 
SIEMENS. 

“ Testing Distant Vision.” 
CARTER, F.R.C.S. 

“The Use of Motors in War.” 
R. E. CROMPTON. 

“ Servia”? By EVERARD R. CALTHROP, 
M.Inst.C.E. 

‘‘The Industrial Resources of Portugal.” 
BATALHA-REIS. 
INDIAN SECTION. 

Thursday afternoons, at 4.30 o’clock :— 

FEBRUARY 28.—‘‘ Railways and Famine.” By 
Horace BELL, M.Inst.C.E., late Consulting En- 
gineer to the Government of India for Railways. SIR 
Joun WoLFE Barry, K.C.B., F.R.S., will preside. 

MARCH 14.—‘‘ The Growth and Trend of Indian 
Trade—A Forty Years’ Survey.” By HENRY JOHN 
Tozer, M.A. 

APRIL 18.—‘‘ Madras the Southern Satrapy.” By 
Joun DAVID REEs, C.I.E. 

MAY 2.—‘‘ Science in Ancient and Modem India.” 
By PROF. JAGADIS CHANDRA Boser, M.A., D.Sc. 

May 16.—“ The Town and Island of Bombay— 
Past and Present.” By L. R. WINDHAM FORREST, 
formerly Chairman of the Bombay Chamber of 
Commerce. 

Date to be hereafter announced :— 

‘“‘ The Greek Retreat from India.” By COLONEL SIR 
THOMAS HUNGERFORD HOLpDICcH, R.E., K,C.LE., 
C.B. l 


By ALEXANDER 
By R. BRUDENELL 


By COLONEL 


By J. 


The meetings of March 14, April 18, and May 2 
will be held at the Society of Arts; those of Feb- 
ruary 28, and May 16 at the Imperial Institute. 


COLONIAL SECTION. 

Tuesday afternoons, at 4.30 o'clock :— 

FEBRUARY 19.—* The Crisis in China—its Causes 
and Solution.” By JoskPH WALTON, M.P. SIR 
EDWARD A. SASSOON, Bart., M.P., will preside. 

APRIL 30.—‘‘ The British West Indies.’ By Sir 
NEVILE LuBBOCK, K.C.M.G., Chairman West India 
Committee. 

May 7.—‘* The Coal Problem—its Relations to the 
Empire.” By LIEUT. CARLYON W. BELLAIRS, 
R.N. 


Date to be hereafter announced :— 
“ The Commonwealth of Australia.” By the Hon. 
SIR JOHN ALEXANDER COCKBURN, K.C.M.G. 


APPLIED ART SECTION. 
Tuesday evenings, at 8 o’clock :— 


MARCH 5.—‘‘ Early Playing Cards and their Deco- 
ration.” By RICHARD STEELE. 

MARCH 12.—‘‘ Some Examples of Romanesque 
Architecture in North Italy.” By HUGH STANNUS, 
F.R.I.B.A. THomMas G. Jackson, R.A., will 
preside. 

APRIL 16.—“ Greek Vases, their Evolution of 
Form and Ornament.” By CECIL SMITH, LL.D. 

MAY 21.—‘‘ The Rise and Development of Egyp- 
tian Art.” By PROFESSOR W. M. FLINDERS 
PETRIE, D.C.L. 


CANTOR LECTURES. 
Monday evenings, at 8 o’clock :— 


W. J. POPE, ‘‘ The Bearings of Geometry on the 
Chemistry of Fermentaticn.’’ Four Lectures. 


LECTURE IJ.—FEBRUARY 18. 


Criteria of the possible occurrence of stereo- 
isomerism and the conception of asymmetric atoms— 
Optical activity and crystalline form—Methods of 
preparing optical isomerides and the occurrence of the 
latter in animal and vegetable products—Their 
physiological importance. 


LECTURE IIT.—FEBRUARY 25. 


Stereo-isomerism amongst the sugars and sugar- 
like compounds—The determination of the structure 
and the subsequent synthesis of the sugars—The 
practical bearings of stereo-isomerism. 


LECTURE IV.—MARCH 4. 


Applications of stereo-isomerism to brewing and 
to the study of fermentation—The nature of fer- 
mentation—Organised and un-organised ferments— 
The discriminative effect of the lower organisms 
upon stereo-isomerides, and more particularly upon 
the stereo-isomeric sugars—The physiological action 
of stereo-isomerides, 
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SPECIAL LECTURES. 
Friday evenings, April 26, May, 3, 10, 17 :— 
ALFRED C. EBORALL, A.I.E.E., ‘‘ Polyphase 
Electric Working.” 


MEETINGS FOR THE ENSUING WEEK. 


Monpay, Fer. 18... SOCIETY OF ARTS, John-street, 
Adelphi, W.C., 8 p.m. (Cantor Lectures.) Mr. 
W. J. Pope, “The Bearings of Geometry on the 
Chemistry of Fermentation.” (Lecture II.) 

Royal Institution, Albemarle-street, W., 3 p.m. 
Dr. A. Willey, “The Origin of Vertebrate 
Animals.” (Lecture III.) 

United Service Institution, Whitehall, S.W., 3 p.m. 
Mr. H. A. Bonar, ‘From Japan to Europe vrá the 
Siberian Overland Route.” 

Chemical Industry (London Section), Burlington- 
house, W.,8 p.m. Discussion on ‘‘ The Occurrence 
and Detection of Arsenic in Manufactured 
Products.” 

Imperial Institute, South Kensington, S.W., 83 p.m. 
Mr. I.C. Hannah, “ European Interests in China.” 

British Architects, 9, Conduit-st., W.,8p.m. Mr. G. 
T. Hine, “ Lunatic Asylums and their Planning.” 

Camera Club, Charing-cross-road, W.C., 8} p.m. 

Victoria Institute, 8, Adelphi-terrace, W.C., 4} p.m. 
Rev. S. M. Zwemer, ‘‘ The Wahabies.”’ 

London Institution, Finsbury-circus, E.C., 5 p.m. 
Mr. Arnold Mitchell, “ Mediæval Sculpture.” 

Tugspay, Fes. 19..SOCIETY OF ARTS, John-street, 
Adelphi, W.C. 4$p.m. (Colonial Section.) Mr. 
Joseph Walton, “The Crisis in China—its 
Causes and Solution.” 

Royal Institution, Albemarle-street, W., 3 p.m. 
Prof. J. A. Ewing, “ Practical Mechanics: First 
Principles and Modern, Illustrations.’’ (Lecture V.) 

Civil Engineers, 25, Great George-street, S.W., 
8 p.m. Mr. Walter James Weightman, ‘‘ The 
Nilgiri Mountain- Railway.” 

Statistical, St. Martin’s Town-hall, W.C., 53 p.m. 
Address by Lord Avebury, ‘‘ The Growth of 
Municipal and National Expenditure.” 

Pathological, 20, Hanover-square, W., 84 p.m. 

Photographic, 66, Russell-square, W.C., 8 p.m. 
Mr. W. E. Tindall, “ Imitative versus Creative: a 
Comparison.” 

Zoological, 3, Hanover-square, W., 8} p.m. 1. Mr. 
R. Lydekker, “Notice of an apparently New 
Estuarine Dolphin from Borneo.” 2. Mr. F. E. 
Beddard, ‘‘ Notes on Hapal/emur simus.” 3. Dr. J. 
G. de Man, “ Description of Pofamon (Potamon- 
autes) flowert, a New Species of Crab from the 
Soudan.” 

Wepnespay, Fes. 20...SOCIETY OF ARTS, John-street, 
Adelphi, W.C.,8p.m. Mr. Frederick McDermott, 
“ Some Features of Railway Travelling—Past and 
Present.” 

Meteorological, 25, Great George - street, S.W., 
7p.m. 1. Mr. Edward Mawley, ‘‘ Report on the 
Phenological Observations for 1900.” 2. Mr. 
Albert E. Watson, “ A Review of past Severe 
Winters in England, with deductions therefrom.” 

Geological, Burlington-house, W., 8 p.m. 

United Service Institution, Whitehall, S.W., 3 p.m. 
Major-General C. E. Webber, ‘Army Reform 
based on some Nineteenth Century Lessons in 
Warfare.” 

Microscopical, 20, Hanover - square, W., 7} p.m. 
Mr. C. Beck, “ Bacteria and Blood Parasites.” 

Junior Engineers, Westminster Palace Hotel, S.W., 
8 pm. Mr. A. H. Barker, “ Works Manage- 
ment.” (Lecture Il.) 
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Royal Institution, Albemarle-street, W., 3 p.m. 
Mr. F. Corder, “Vocal Music—its Growth and 
Decay.” (Lecture III.) 

Archæological Association, 32, Sackville-street, W., 
8 p.m. 

Patent Agents, to, Southampton -bnildings, W.C., 
8 p.m. 1. Adjourned discussion on Mr. B. Frey- 
Godet's paper, ‘‘ Trade Marks and their National 
and International Protection.” 2. Mr. H. H. 
Graham, “ The Progress and Work of the Char- 
tered Institute of Patent Agents.” 


Mining and Metallurgy, Geological Museum, 
Jermyn - street, S.W., 8 pm. 1. Mr. Arthur 
L. Pearse, ‘‘ Notes on Nome.” 2, Mr. A. G. 


Charleton, ‘‘A Graphic Method applied to de- 
lincating Ore- Bodies, with Notes on Sampling and 
Estimating Ore Reserves.” 3. Mr. F. W. Grey, 
“ Explosive Gas in a Metalliferous Mine.” 


Tuurspay, Fes. 21...Royal, Burlington-house, W., 4} p.m. 
Antiquaries, Burlington-house, W., 8} p.m. 
Linnean, Burlington-house, W., 8 p.m. 1. Prof. 

E. Ray Lankester and Mr. R. Lydekker, “The 
Affinities of Æsluropus melanolencus, Alph. 
Milne Edw.” 2. Mons. A. Gruvel, ‘“‘ Etude d'une 
espèce nouvelle de Lépapédes.’’ 

Chemical, Burlington-house, W., 8 p.m. 1. 
Messrs. F. Stanley Kipping and H. Hall, (a) “ Iso- 
meric Hydrindamine Mandelates and Pheny!- 
chloracethydrindamides”’; (4) *“ Isomeric Benzyl- 
hydrindamine Bromocamphorsulphonates and 
some Salts of d-l-hydrindamine.’’ 2. Messrs. 
S. Ruhemann and H. W. Bausor, ‘‘ Condensation 
of Phenols with Esters of the Acetylene Series: 
IV. Benzo-Y-pyrone and its Homologues.” 3- 
Messrs. A. Lapworth and W. H. Lenton, “ Con- 
stitution of Bromocamphoric Anhydride and 
Camphanic Acid.” 4. Messrs. F. D. Chattaway 
and K. J. P. Orton, “ The Action of Acetychlor 
and Acetylbrom-aminobenzenes on Amines and 
Phenylhydrazine.”” 

London Institution, Finsbury-circus, E.C., 6 p.m. 
Mr. W. H. Cummings, ‘‘ Hatton: Musician and 
Composer.” 

Royal Institution, Albemarle-street, W., 3 p-m. 
Rev. Henry G. Graham, “Society in France 
before the Revolution.” (Lecture III.) 

Electrical Engineers, 25, Great George-street, S.W., 
8p.m. 1. Discussion on Mr. Mordey’s paper, *‘ Ca- 
pacity in Alternate Current Working.” 2. Mr. 
W. L. Magden, “The Electrical Power Bill of 
1900: Before and After.” 

Historical, St. Martin’s Town-hall, Charing-cross- 
road, W.C., 8} p.m. 

Numismatic, 22, Albemarle-street, W., 7 p.m. 


Fripay, Fes. 22... Royal Institution, Albemarle-street, W., 
8p.m. Weekly Meeting. 9 p.m. Sir W. Roberts- 
Austen, * Metals as Fuel.” 

Civil Engineers, 25, Great George-street, S.W., 
8 p.m. (Students’ Meeting.) Mr. J. L. Cridlan, 
“ Automatic Coupling.” 

Clinical, 20, Hanover-square, W., 8} p.m. 

Physical, Chemical Society’s Rooms, Burlington- 
house, W., 5 p.m. 1. Prof. Emilio Villari, ‘‘ How 
Air subjected to X-rays Loses its Discharging 
Property, and how it Discharges Electricity.” 2- 
Prof. R. W. Wood, “ The Propagation of Cusped 
Waves and their Relation to the Primary and 
Secondary Focal Lines.” 3. Prof. R. W. Wood» 
“ Cyanine Prisms, and a New Method of Exhibit- 
ing Anomalous Dispersion.” 


SATURDAY, Fgs. 23...Royal Institution, Albemarle-street, 
W., 3 p.m. Lord Rayleigh, “ Sound and Vibra- 
tion.” (Lecture I.) 
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Notices. 
a 


CANTOR LECTURES. 


Mr. W. J. POPE delivered the second lecture 
of his course on ‘‘ The Bearings of Geometry 
on the Chemistry of Fermentation,’’ on Monday 
evening, 18th inst. 

The lectures will be published in the Fournal 
during the summer recess. 


COLONIAL SECTION. 


Tuesday afternoon, February 20, 1991; 
Sir EDWARD A. SASSOON, Bart., M.P., in 
the chair. The paper read was ‘‘ The Crisis 
in China —its Causes and Solution,” by 
JOSEPH WALTON, M.P. 

The paper and report of the discussion 
will be published in the next number of the 
Fournal. 


Proceedings of the Society. 


C. aa 


APPLIED ART SECTION. 
Tuesday, February 12th, 1901: CHARLES 
H. Rean, F.S.A., Keeper of the Department 
of British and Mediæval Antiquities, British 
Museum, in the chair. 


The paper read was— 


RECENT ADVANCES IN POTTERY 
DECORATION. 
By WILLIAM BURTON, F.C.S. 

There appears to be a general idea, in this 
country, that the glories of decorative pottery lie 
almost exclusively in the past, and that while 
w: have undoubtedly made great progress of 
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recent years in all the mechanical aspects of 
pottery work—in the manufacture of drain- 
pipes, sanitary goods, building blocks (glazed 
and unglazed), and hard-fired white earthen- 
wares for the most ordinary uses—we have 
little or nothing to show on the decorative or 
artistic side of our work that is new or worthy. 
The display of modern pottery at the Paris 
Exhibition of last year must have been 
sufficient to convince the most casual, or the 
most sceptical observer, that any such idea is 
entirely erroneous. New processes of pottery 
decoration, or, what is equally valuable, the 
re-discovery or extended application of old 
processes, were to be seen on every hand, and 
there was ample evidence that the exhibition 
marked a period of exceptional activity in the 
development of the potter’s art. The change 
in style and method from previous exhibitions 
amounted almost to a revolution. Artist potters 
from France, Germany, Sweden, Denmark, and 
Hungary exhibited productions that in former 
vears would have been regarded as freaks or 
accidents, never to be repeated, and therefore 
unworthy of consideration in an age devoted to 
the production of a uniform and mechanical 
perfection. Even the great conservative estab- 
lishments with long-recorded histories, such as 
Sèvres, Dresden, Berlin. and Röstrand, relied 
far less than usual on the display of amazing 
tours-de-force, marvels of patient skill and 
long-accumulated knowledge, but were as eager 
as the youngest and newest to show that they 
were in the movement, and up-to-date. 

Two features of the exhibition struck me, at 
all events, painfully. First, the poor and im- 
perfect display of English pottery, and second, 
the number of decorative methods used by 
foreign potters, which are cither unknown or 
but little practised in this country. Itis true 
that our native potters have made the greatest 
advances in all the practical branches of 
pottery production—in the careful selection and 
mixing of their clays, the fabrication of their 
pieces, and the soundness and durability of 
their glazes—and if I now venture to draw 
their attention to new developments that are 
taking place in other countries, it is solely with 
the hope that we may rightly contribute our 
share of additions to the volume of new things 
in the decorative direction also. 

The most important as well as the most. 
striking of the recent developments is to be 
found in the varied applications of metallic 
lustres. Fifty years ago the methods by which 
the famous lustres of the Persian, Hispano- 
Moresque, and Italian majolica potters had 
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been produced were presumably lost. The 
common notion was that the rich ruby of 
copper lustre and the pale yellow of silver 
lustre were alike produced from some gold 
preparations, of which the secret had been 
carried to the grave with the potters of the 
16th century. We now know that such an idea 
was erroneous. The process still survived in 
some of the small potteries in Spain, where it 
had been handed down from father to son, but 
these potters were out of touch with the rest of 
Europe, and the revival of true lustres at 
Gubbio and Doccia, and later by Mr. De 
Morgan in this country, owed nothing to tra- 
dition, but were genuine re-discoveries of a 
process overlooked or forgotten for 300 years. 

I do not propose to enter into details of the 
making of lustres, for Mr. De Morgan himself 
practically said all that was to be said on that 
subject in the paper he read before this sec- 
tion of the Society of Arts in 1892. I may 
just remind you that true lustres are produced 
by re-firing pottery that has been otherwise 
glazed and finished, and afterwards painted 
with some clay substance mixed with small 
quantities of copper or silver compounds. 
The ware thus coated is fired to a dull red 
heat in a muffle furnace, and when a sufficient 
temperature is reached a volume of smoke or 
other reducing gas is turned into the kiln, and 
the firing continued for a short time until the 
metallic compounds produced are absorbed by 
the glaze and stain it, red in the case of 
copper, and yellow in the case of silver. This 
stain generally bears an iridescent film, pro- 
bably of actual metal, upon it, and it is this 
metallic e/27é¢ which we call lustre. Although in 
this country Mr. De Morgan, and later Messrs. 
Maw, and Messrs. Craven Dunnill have done 
admirable work on tiles and pottery, certain 
foreign firms have carried the process a good 
deal further, and the lustres produced by the 
Massiers at Cannes, and more recently by 
Zsolnay at Pecs in Hungary, remind one but 
little of medizval work. 

The early pieces of Massier lustre, like those 
shewn here, are simply admirable pieces of 
ordinary copper and silver lustre, but M. 
Clement Massier very soon branched off in 
new directions, and by producing thin films of 
silver lustre on dull bluish and greenish 
grounds, he subdued to some extent the general 
tone of his pieces, allowing his frankly 
naturalistic pattern in brilliant lustre to shine 
with the most gorgeous prismatic effects. 
Within the last few years he has also tried 
the effect of firing his pieces very much 


harder, in some cases almost to the bending 
point of the ware itself, with the result that the 
stain penetrates further into the glaze and 
acquires great depth and solidity. Most of 
these pieces are on pottery of a dark red clay, 
evidently, coloured with an opaque glaze and 
then fired hard during the lustreing. It will 
be readily understood that in this case the 
results must be very uncertain ; the lustre is 
developed only in patches, and in many pieces 
there is hardly any metallic ~e/7é¢ at all, but a 
broken ground of mingled colour is produced, 
which, to my thinking, is an improvement, as 
the naturalistic pattern is almost lost. J must 
also point out that in many of Massier’s pieces 
the effects are obtained by putting patterns of 
silver lustre on a ground of copper, a process 
but little practised in this country. 

The lustre pieces produced by Zsolnay are 
quite different in character from all others. 
While at Reés they produce many admirable 
specimens of lustres of the ordinary kind, and 
are especially successful with the gorgeous red 
stain of oxide of copper, almost free from 
lustre, they produce other pieces in which the 
most minute patterning exists; apparently they 
have such control of their materials and pro- 
cesses that they can do what they like in lustre, 
just as if they were working in ordinary pottery 
colours. Their very success gives one pause. 
The lustre process is, from its nature, uncertain 
and difficult of control. When an effect is to be 
produced by staining into a glaze during the 
firing, how is the stain to be governed to the 
thickness of a hair, and retained in its exact 
place without any softness of flowing or spread- 
ing? We know, as a matter of fact, that the 
accidental clouding and softness produced in 
the best lustre, which is no small part of its 
charm, must always present an obstacle to 
minute pattern. An examination of some of 
these pieces convinces me that there is a very 
simple explanation. Many of the lustre effects 
produced by Zsolnay and other continental 
firms are not lustres produced by reduction in 
the kiln, but lustre pigments, having a basis of 
bismuth salts variously coloured, that can be 
fired in an ordinary kiln with the ordinary 
oxidising atmosphere. It must not be 
forgotten that while most of us understand 
the word ‘‘lustre’’ to indicate effects pro- 
duced by smoke or some other de-oxidising 
agent, the same term has long been used to 
include effects obtained in imitation of these, 
but without the risks and difficulty of the 
true lustre method. Thus a gold lustre, 
made by suspending very finely divided gold 


February 22, 1901.) 


JOURNAL OF THE SOCIETY OF ARTS. 


215 


in a balsam of sulphur, has been in use 
on English pottery for considerably over a 
century; and in the middle of last century 
M. Brianchon of Paris discovered, that by 
dissolving a salt of bismuth, such as the nitrate, 
in a mixture of oil of lavender and resin, ıt 
was possible to obtain a white, fairly trans- 
parent coating, which had the soft iridescence 
of mother-of-pearl. Further this bismuth 
lustre could be coloured by the addition of 
small quantities of compounds of gold, iron, 
uranium, &c., and a variety of tints was thus 
obtained still possessing a brilliant iridescence. 
In our own country the well-known Belleek 
ware owed its soft pearly play of colour toa 
lustre of this kind; while on the Continent 
several firms have used these lustres in com- 
bination with underglaze colours and coloured 
glazes, to produce effects which are difficult to 
distinguish at a glance from true lustres. 
Lustres of this class need no reduction in the 
kiln but are fired as easily and safely as any 
other on-the-glaze pigment. I think the fine 
patterning of Zsolnay is to be accounted for in 
this way—paint or print a pattern in underglaze 
or even in onglaze colours, and then overlay 
the whole piece with a bismuth lustre, or pick 
out the pattern in lustres of various colours 
according to the ground colour underneath: 
and the effect will be very much that shown in 
the pieces exhibited here. If I do not regard 
this process with the same respect as that of 
lustre by reduction, because it is so much 
easier to do, and the final effect is by no means 
so beautiful, it is still a true pottery process, 
and Zsolnay is to be commended for carrying 
it so far, and obtaining by its means, pleasing 
and legitimate effects which could not be 
obtained in any other way. 

Next in importance to the development of 
lustres, and not unconnected with it is the 
progress made, especially on the Continent, in 
the production of the magnificent red glazes 
so long known only to the Chinese, and for 
more than a century the hope and the despair 
of European potters. These red glazes must 
be perfectly well known to you from the mag- 
nificent Chinese specimens in our museums 
known variously as Sang-de-Beeuf, Rouge 
flambé, &c. Splashed, veined, streaked, 
mottled, with various shades of red, blue, 
purple, and even touches of green ; transparent 
and opaque in varying degree, presenting, in 
fact, an infinite variety of colours and textures, 
it is not surprising that these striking glazes 
remained an enigma to successive generations 
of European potters. The analyses of Salvetat 


and Seger, and the long continued experiments 
of Chaplet in France and of Bernard Moore in 
England, have, however, solved the problem, 
and it is possible to obtain now in Europe not 
only the effects so long obtained by the 
Chinese, but others not hitherto found on such 
Oriental pieces as are in our museums. I am 
particularly favoured in being able to show you 
to-night a number of specimens produced by 
Mr. Bernard Moore, who has experimented 
successfully with these glazes for more than 
30 years, and who, although he has spent some 
thousands of pounds in his experiments, has 
never, so far as I know, offered a piece for 
sale, but has remained content with the proud 
knowledge that he alone among English 
potters had solved this difficult problem. I 
feel it the more necessary to mention this, 
because, not only would Mr. Moore be the last 
man to make such a claim for himself, but so 
much is being published on the Continent on 
the subject that there may be said to be no 
longer any secret in the process, except the 
important secrets of practical manufacture, 
which one can only solve by actual work. 
To describe now the theory of these glazes. 
We have already seen that the gorgeous stain 
of ruby lustre is due to the penetration of re- 
duced copper oxide into the glaze. Imagine that 
the copper oxide is put into the glaze mixture 
before it is fired, and that when such a glaze 
containing oxide of copper is melted in the 
kiln, it is surrounded with reducing gases. 
We ought, under such circumstances, to 
obtain a brilliant red glaze. Such is indeed 
the case, and roughly speaking rouge flambé 
glaze differs only from copper-red stain 
by the method and temperature of its pro- 
duction. I have pointed out that the tempera- 
ture at which lustre is produced is very 
low, in fact a just visible red heat, but the 
temperature needed in the case of copper-red 
glaze is that at which the glaze itself will melt 
and mature. Again, while it seems very diffi- 
cult, if not impossible, to produce copper lustre 
on a leadless glaze, it is quite possible to pro- 
duce copper-red glaze without lead. There is 
a singular point in connection with this, viz., 
that in all the analyses of Chinese flambé 
glazes that have been published by Salvetat, 
Seger, and Vogt, there is found a considerable 
proportion of lead oxide, thus proving that the 
conditions which readily reduce copper to its 
lower form of oxidation, are not sufficient to 
reduce silicate of lead; evidently the copper 
oxide is in a less stable form of combination. 
Another equally striking point in connection 
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with these glazes, is the extremely small per- 
centage of copper needed to give the richest 
tint. It has been shown, both by analysis of 
Chinese glazes and by actual European prac- 
tice, that not more than one-half per cent. of 
copper oxide is needed to give the richest and 
most solid red; indeed, it seems impossible to 
keep the amount of copper in the glaze too 
low. Another practicable point of the greatest 
interest, is the variation produced in these 
glazes by slight variations of composition or of 
firing temperature and conditions. The solid, 
uniform, opaque red glaze which would seem 
a priori the easiest to produce, is, in some 
respects, really the most difficult. From an 
examination of many European pieces, it is 
evident that one of the first things that 
happens in the melting of the glaze, is 
the aggregation of the copper compound. 
At a certain stage of the firing it appears 
to gather itself into clots, and while it 
may become once more diffused throughout 
the mass, it also may not. The tin or iron 
compounds which may also be added to the 
glaze, aid this clouding, and there can be no 
doubt that the bluish and violet streaks, mixed 
with white, that variegate the finest pieces of 
red glaze, are caused by their means. I have 
here a little dish that should have been coated 
with the copper-red glaze. Through some 
accident during the firing, the reducing atmo- 
sphere was not maintained, and the copper has 
run back to the condition in which it gives its 
well-known bluish green tint; yet the tint is 
not uniform, but is simply produced by a series 
of green blotches with perfectly white colourless 
glaze between. Here is another piece in which 
the red colour is retained, but only in patches 
in a perfectly white glaze. While some of these 
effects may be due to aggregation of the copper 
oxide, others must have a different origin. Mr. 
Bernard Moore holds most strongly that if the 
reduction be pushed too far the red glaze 
becomes quite white and colourless. One other 
point and I must leave this fascinating subject. 
The opinion was held for a long time that 
rouge flambé glazes could only be produced 
on hard paste porcelain like the Chinese. This 
is quite a mistake. Such glazes have been 
successfully produced on English bone china, 
stoneware, and English earthenwares, and 
though of course the result varies somewhat 
according to the nature of the body, the really 
mportant part is the production of a glaze 
which will melt and come perfectly bright and 
lossy in a reducing atmosphere. 

We have seen that the success of copper and 
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silver lustres and of rouge flambé glazes turns 


entirely on the firing being completed while the 


atmosphere surrounding the pieces is not only 
deprived of the greater part of its free oxygen, 


. but is made actively reducing or greedy of oxy- 


gen by admixture with certain other gases, of 
which carbon monoxide may be taken as a 
type. Considering the magnificent effects pro- 
duced by firing a glaze containing a trace of 
copper oxide in a reducing atmosphere, it is 
only natural to expect that other materials 
should be tried under similar conditions. 
Here again the French potters have been 
before us, and have obtained already some 
most promising results. There was shewn at 
the Paris Exhibition a case of small vases 
made by Franchet, of Golfe Juan, in which a 
blue colour had been obtained from titanium, 
a green colour from cobalt, a celadon from 
oxide of iron, as well as various shades of red 
from oxide of copper. 

Seeing the effects that have been produced 
by obtaining an exquisitely thin film of metal 
on the surface of a glaze, it is not surprising 
that potters should also have turned their 
attention to the production of crystals either 
on the surface or in the mass of a glaze. 
Every potter knows by bitter experience how 
easy it is to spoil certain kinds of glaze by 
inattention during the firing process, producing 
either a partial decomposition or devitrifica- 
tion of the glaze coating, which results in the 
formation of a network of radiating crystals 
almost like frozen breath on a window pane. 
Such an accident might well have formed the 
starting point of experiments in this direction, 
but whether that be the case or not it is certain 
that a few years ago the Royal Porcelain 
Works at Copenhagen first made a practicable 
and commercial success of a method of pottery 
decoration in which such crystallization had 
been carefully anticipated and was, to a very 
limited extent, under control. Other famous 
continental establishments have followed suit, 
and now Sèvres, Rörstrand, Berlin, and 
Meissen, to mention only firms of world-wide 
repute, are producing pieces similar to those 
shewn here, though in my opinion the Copen- 
hagen pieces remain unsurpassed. This de- 
parture is at once novel andstrikingly beautiful. 
The groups of starlike radiating crystals, to- 
gether with the soft splashes of broken colour 
from which they half-emerge, or under which 
they half-hide themselves, form a decoration at 
once tender and charming. As with lustre too, 
the effects cannot be absolutely controlled, and 
while that imposes restraint and care in hand- 
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ling, it also leaves the door open for something 
rarer and more precious than was intended. 


There is no particular secret in the production | 


of these crystalline effects. A melted glass, 
like any other fluid substance, will dissolve a 
certain quantity of added silicates or oxides. 
So long as the glaze is molten the mixture is 
perfectly clear and apparently uniform, but as 
the glaze cools it is no longer able to hold in 
solution the whole of what it had dissolved. 
Some oxide or silicate must separate out from 
the rest, and if that particular substance is one 
that crystallizes readily, then it will separate 
in the form of crystals, such as you see here. 
The higher the temperature to which the glaze 


is fired and the more slowly it is cooled, the - 


more perfect will be the crystalline growth, 
and you will find that all the crystalline glazes 
of this type have been produced on hard-paste 
porcelain and on stone wares. 

While I am speaking on the subject of 
crystalline glazes, two other types, which were 
produced earlier than the Copenhagen ones, 
are worthy of mention. One is the tiger-eye 
or aventurine glaze, obtained semi-accidentally 
at the Rookwood pottery in America, and the 
other the ‘‘ Sunstone” glazes, first obtained 
by my brother Joseph Burton, and since com- 
pletely developed at our works. In both these 
cases the crystals formed are not in patches on 
the surface of the glaze, but exist as fine 
glistening plates, showing strong prismatic 
colours, and diffused throughout the mass of 
the glaze in goldenclouds. Beautiful as these 
effects are, they are not so striking as crystalline 
glazes of the first order, as the piece must be 
held in the hand to appreciate their beauty. 
While the Rookwood effect is only obtained on 
a red body, glazed with a deeply coloured 
glaze, our ‘‘ Sunstone ” effect can be obtained 
on any body, and in a variety of colours. 
The supersaturation of a glaze with certain 
mineral compounds at a high temperature, 
and the subsequent separation of these in a 
crystalline form on cooling, accounts absolutely 
for these glazes as for the others, but why in 
one case the crystallization takes place 
throughout the mass of the glaze and in the 
other case on the surface only, is not quite so 
clear, though it gives a hint as to method, 
that a practical potter will have no difficulty in 
following up. 

It seems a great jump to pass from the con- 
sideration of crystalline glazes with their jewel- 
like delicacy, to stonewares, because most of 
us think of stonewares only as salt-glazed 
wares, with the low toned Lambeth wares of 


Doulton at one end of the scale, and salt- 
glazed drain pipes and bricks at the other 
end. On the Continent, however, and to 
some extent at home, a newer kind of stone- 
ware is coming to the front, in which there is 
greater range of colour, texture, and glaze 
quality than is possible with salt-glaze. In 
France this movement is most strongly marked, 
and in addition to such well-known firms as 
Emile Muller, Bigot, &c., we find artist potters 
like Delaherche, Lachenal, and Delpayrat, 
producing most artistic work in grès or stone- 
ware, though their products are as unlike the 
stoneware of popular idea in one direction, as 
the famous productions of Josiah Wedgwood 
were in another direction. Of course, these 
modern stonewares are not altogether unlike 
the old. The body is hard and vitreous, and 
in most cases body and glaze are produced at 
one fire, and that a high one. The glaze, how- 
ever, is no longer salt-glaze, but in most cases is 
produced by simply softening some native 
felspathic mineral, similar to our Cornish stone, 
by added fluxes. With the hard fire necessary 
to melt such a glaze, and the fine colour- 
developing qualities inherent in _ felspathic 
materials, the results are often singularly soft 
and harmonious, and as the range of colour 
obtainable is very great, from the softest grey- 
blues to rouge flambé, the newer stonewares 
will undoubtedly form an important addition to 
the long list of pottery species. On the 
Continent and especially in France, Germany 
and Hungary, these stonewares are rapidly 
coming into use for the exterior decoration of 
buildings, a service for which their hardness 
and durability admirably fits them. Perhaps 
in another half-century English architects will 
wake up to this fact, and give the English 
potter a chance in the same direction. 

I must just mention one other departure 
briefly. Demands have been made on us for 
some time, by artists and architects of the 
newer school, for glazes, especially those used 
on wall tiles, that should not have the full 
brightness and glitter of ordinary pottery 
glazes. It is easy enough to dull the bright 
surface of a glaze by sand blasting it, or by 
exposing it to the vapours of hydrofluoric acid, 
methods used for producing ground or frosted 
glass. Many pieces of dull glaze produced by 
these methods were shown at the Paris Ex- 
hibition, but such methods hardly commend 
themselves to a potter, whose ware should be 
finished when it comes out of the kiln. The 
true pottery method would be to produce 
glazes which, while they are perfectly fired up 
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or vitrified, have only a surface sheen like that - 


of vellum or egg-shell. The Grueby Pottery 
Company, of America, have produced some 
beautiful glazes of this kind, the surface of 
which breaks in the firing and gives a quality 
very like that of a melon skin. Messrs. Maw, 
of Broseley, and the Campbell Tile Company, 
of Stoke-upon-Trent, as well as Messrs. 
Doulton, have also produced a series of glazes 
on tiles and faience that have this same dull 
surface. 

Their efforts have been directed to the pro- 
duction of glazes at ordinary fire, which are 
devoid of shine, and yet cover the ware evenly 
and perfectly. The danger of this process lies 
in the fact that one often has to compromise 
between a glossy surface and an impervious 
one. The causes that dull the glaze are apt 
to leave it so porous that it may absorb smoke 
and dirt, and thus be difficult to keep clean. 
Our experiments have, however, convinced me 
that it is quite possible to produce a dull glaze 
surface that shall be just as impervious as a 
brilliant one. At all events, some of our 
experiments, both on tiles and vases, are here 
for you to see. 


DISCUSSION. 


Mr. Lewis F. Day said that with regard to the 
dull glazes, of course Mr. Burton, as a manufacturer, 
was bound to respond to the demands of the British 
public, but the demand for such glazes showed 
some want of appreciation of the quality of vitreous 
colour. He thought it was largely cowardice on 
their part that they were afraid of a good splash 
of colour, and the brilliancy that came with a good 
glaze. He believed that that kind of thing would 
have its day. Referring to the way in which 
Zsolnay’s lustre was produced, he had a word or two 
to say. He admired Zsolnay’s work enormously, 
although Mr. Burton had rather seemed to throw 
cold water upon it. Zsolnay had done all manner of 
wonderful things which had perplexed even Mr. 
Burton. He denied 1 foto Mr. Burton’s sugges- 
tion that Zsolnay could not have got the sharpness 
of line he obtained by the orthodox lustre process. 
Though he was not a lustre painter himself, he had 
made designs for lustre which had been rendered in 
the hardest imaginable way; in fact the apparent 
difficulty had been to keep them soft. It seemed 
to him that they could, in the ordinary copper lustre, 
obtained by the ordinary reducing process, get a 
lustre as hard as anybody wished for. He thought 
Mr. Burton’s arguments on the point fell to the 
ground. He did not pretend to say whether Zsolnay 
used bismuth or not. In respect to the chemistry 
of pottery he sat at Mr. Burton’s feet, With regard 


to the crystalline glazes, they were certainly the 
most wonderful things at Paris. Mr. Burton's 
sunstone glazes were very beautiful, but they were 
apparently a little too subtle to catch the vulgar taste. 
Of the exhibits at Paris, the crystalline glazes were 
the most startling, everybody in Paris appearing to be 
doing them. He was rather struck with the fact that 
the people who exhibited the crystalline glazes 
seemed to get rather different effects of colour. The 
Copenhagen people Jeant towards blues, and greys, 
and delicate greens, and one very beautiful blue which 
was nothing like anything ever seen before—probably 
it was not cobalt. The Sévres people obtained effects 
of delicate yellow and brown, while the Swedish 
people produced effects in which the crystals were 
more like metal itself: the surface looked like iron. 
He asked Mr. Burton whether those different results 
were obtained because the different firms were try- 
ing for different things, or whether it was the fact 
that they all had different glazes, and that therefore 
they naturally obtained different colours. In his 
opinion the most beautiful of all the crystalline glazes 
was a piece exhibited in the Berlin Section, in which 
the crystalline glaze was combined with a ruby lustre. 
The piece was a triumph—if it was not a failure. In 
all such pieces one wondered what the manufacturer 
tried for. It would be most interesting to know what 
proportion of the pieces shown in Paris represented 
actually what had been aimed at. Some of the 
crystalline effects were not starry, but like mildew, or 
something even more unpleasant. Beautiful as the 
crystalline glaze was, he thought in that and some 
other directions the potters were placing themselves at 
the mercy of the kiln, and letting the fire do what 
it liked, relying too much upon accidental effects, 
and not trusting, as he thought artists should, upon 
those pottery methods over which they had control. 


Mr. PHENE SPIERS said he was astounded at the 
extraordinary advances made in the productions 
of the Sévres factory within the last eleven years. 
He remembered, at the Paris Exhibition of 
1878, passing through Deck’s stall and meeting 
Madame Deck, who told him the first person who 
visited the Exhibition and selected the best speci- 
mens from the stall, was Mr. Minton. Minton, at 
that time, was the head of the British potters, and 
he recognised in Deck, not only an artist, but also a 
great potter, who was trying to bring about new 
results. Afterwards Deck went to Sèvres, and probably 
created the revolution which had taken place there. 
He had always imagined that when Sèvres produced 
their dull and monotonous works which fetched such an 
enormous price, and which he looked upon as devoid 
of interest of any kind, that they would never diverge 
from that course, but the result of the last Paris 
Exhibition went to disprove that idea. The enormous 
number of specimens and the variety of their design 
and accuracy was marvellous. In his opinion, the 
Japanese had had a very considerable influence on the 
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designs and patterns. The collection of ‘Chinese ’’ 
ware was the finest ever seen, and probably the manu- 
facturers had been endeavouring to find out the secret 
of Chinese glazes. He could bear out Mr. Burton’s 
statement that in France an advance had been made 
in the last ten or eleven years, which was not found 
in England, and in the future English potters 
would have to go abroad to take lessons. He had 
understood Mr. Burton to say that architects had 
been asking for some kind of tile decoration which 
should not have so bright a glaze as that ordinarily 
found. Mr. Burton then said it was possible by the 
process of sand-blast to take off the surface of polish 
in the same manner in which ground glass was made. 
It seemed to him the more the glitter of the tiles put 
on the exterior of buildings was dispensed with the 
better one could see the colour. Practically it all 
depended upon whether the public would come 
forward and support the manufacturers. 


Colonel ROBERTS, referring to the statement in 
the paper that the durability and the quality of a 
certain glaze could not be excelled, said he should 
like to ask if Mr. Burton knew of any glaze which 
was equal to the black lustre on Greek vases, with 
red figures for the back-ground, made about 450 B.c. 
and which was just as brilliant as it was more than 
2,000 years ago. 


Mr. WILLIAM BURTON, in reply, said he should 
have been very much disappointed if his friend, Mr. 
Day, had not found something to break a lance with 
him about. With regard to the question of dull 
glazes, Mr. Day’s point seemed to be that if the 
surface of a glaze was dull, one lost what was the 
great charm of the glaze, namely, the full splendour 
ofits colour. There he was absolutely at one with 
Mr. Day. From his point of view, he would no 
more have produced the dull glazes he exhibited 
than Mr. Day would have done; but, on the 
other hand, something was to be said for the 
production of dull glazes, particularly when it came 
to the question of wall tiles. He confessed with Mr. 
Spiers that he had found the glitter of wall tiles very 
distressing at times. Any outside work done in 
London—for instance, Romano’s restaurant in the 
Strand, done by one of the most eminent English 
firms—afforded an example. It glittered so that 
one could not see the colour, and when one did 
get a glimpse of it at a certain angle, it was 
not satisfactory. He agreed with Mr. Day that 
if the glaze was dulled something was taken off the 
colour, and he also agreed with Mr. Spiers in being 
quite willing sometimes, under some conditions, to 
sacrifice some colour for the other qualities of restful- 
ness and quietness which a dull glaze would give. 
He had put forward his views about Zsolnay’s 
lustre very tentatively. He confessed there were 
many things done by Zsolnay which puzzled 
him. He was not bold enough to say off-hand, 


although he was a pretty bold man, how some of 
those things had been done. Mr. Day had said 
that his own patterns had been reproduced in 
a manner as hard as possible, and that it was 
impossible to get them soft. He would ask Mr. 
Day whether those patterns had lines as fine as 
those on the Zsolnay pottery he had exhibited. 
There were lines on his specimens as fine as those 
drawn with a pen, and he knew quite enough about 
lustre to know that it was not at all likely that 
the drawing of all the little tracery on the pottery 
could be done in ordinary stained lustre in the 
ordinary way. It would either have softened out or 
disappeared in places. It could not have been pro- 
duced with such mechanical perfection as Zsolnay had 
succeeded in producing it. It might be possible to 
produce lustre of the ordinary kind which would 
be hard in certain parts, as in Massier; but the 
difficulty of producing hard lustre was demonstrated 
absolutely by the piece he had produced, in which 
the colours were as curiously uneven as it was possible 
for colours to be. If one wished to produce an outline 
as fine as Zsolnay had produced, he did not believe 
it could be done with lustre of the ordinary 
kind; at all events, it seemed to him a puzzle 
to do it, and he rather reasoned by things he knew 
than imagined a vain thing. The varieties of 
crystalline glaze produced at Paris were certainly very 
wonderful. He was very glad that Mr. Day had 
directed attention to the astounding variety of effects 
produced in the way of crystalline glazes. Every 
form had something of its own, although there was a 
general resemblance. Dealing with the brown 
effect produced by Sévres, he wished to draw 
attention to a most wonderful piece which the 
Copenhagen people had lent him. He had seen nothing 
of the kind before. An effect was produced 
absolutely like the cat’s-eye or the mineral found 
in South Africa, known as crocodilite. There was 
a kind of sheen on the specimen which was pre- 
cisely the brown tone which Mr. Day spoke of as 
being so conspicuous an effect with the Sévres pieces. 
Regarding some of the crystalline pieces, there was 
not the slightest doubt that they must have been 
obtained in three or four different ways. What 
he wished to point out was that there was no par- 
ticular secret about it, that all one had to do was 
to supersaturate the glaze with some substance which 
it would dissolve when it melted. Then it took it 
up in melting and in cooling it was bound to de- 
posit it, and would produce crystals. It was only 
due to the Copenhagen firm to say that no potter had 
ever seen a piece of crystalline glaze before Copen- 
hagen produced it, and, as a potter, he thought it was 
only fair that Copenhagen should have the credit of 
producing the wonderful specimens shown that 
evening. Mr. Spiers had also suggested that pro- 
bably the change at Sévres was due to Deck. He 
thought there was a great deal in that. Deck was an 
outside potter: an artist—like De Morgan in England 
—who started experimenting with pottery on his 
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own account. He first of all made the most 
wonderful things in imitation of old Persian 
pottery that had ever, technically, been made. 
All through the sixties and the early part of the 
seventies Deck was making wonderful Persian glazes. 
After Deck had become very famous as an artist-potter 
he was for some years at the head of the decorative 
pottery of the Sévres works, and he thought there 
was no doubt that he gave a very considerable 
impetus to the work going on there. On the other 
hand, it must not be forgotten that while the scientific 
side of the Sévres works had always been strong, 
during the last twenty years it had been particularly 
strong. Instead of having one chemist, which was 
about as much as any firm in this country could boast 
of, they had a dozen. The subject of the glaze of 
Greek vases was outside the scope of his paper. 
He was afraid he would be considered a very great 
heretic for saying that the Greeks did not use glaze 
on their vases, and that the black polish, which was 
supposed to be such a wonderful glaze, was not a 
glaze at all, but a varnish, not fired. 


The CHAIRMAN said that to his mind there were 
very few things in the way of technical processes that 
had a greater charm than the making and decoration 
of pottery. Almost the oldest things found were 
specimens of decorated pottery, although the decora- 
tion was of a very different character to that in vogue 
at present. It was rather curious to think that a 
couple of hundred years ago all the crowned beads in 
Europe were vying with each other in their endeavour 
to charm away the chemists who held the secret 
of making porcelain. The crowned heads in Berlin, 
Vienna, Meissen, and France, seemed to think that 
the one thing which would add the necessary lustre 
to their reigns, was to have within their dominion a 
manufacturer of true porcelain. That seemed a little 
curious, now, when crowned heads cared for such 
different things. He merely mentioned that, 
because it was an evidence of the great interest 
that was felt in the ceramic industry long enough 
ago to be a respectable antiquity. Nowadays 
things were very different. The allusion which 
had been made to Sèvres he thought might be 
carried a little further. It was generally known 
that the twelve chemists employed there were 
in part maintained at the expense of the whole 
French nation as a national institution. In 
England, for good or evil, he was not at all sure 
which, there was nothing of the kind. Sèvres, 
Meissen, and one or two smaller potteries were the 
relics of the inter-royal competition for the secret 
of porcelain. That was perhaps a little wide of 
the true mark of the subject under discussion, 
which was merely decoration, but still the making 
of porcelain and the quality of the body to a 
great extent affected the decoration on account of the 
amount of fire necessary for the production of the 
one or the other. One thing which always seemed 


to him very remarkable, was the kind of traditional 
skill, which he thought might be taken for granted 
was one of the reasons for the extreme beauty of form 
and beauty of colour, and for the technical processes 
employed in the manufacture of porcelain and china, 
of which such excellent imitations were on view. He 
was sure Mr. Burton would be one of the first to 
agree with him when he said, speaking especially 
of the flambé and the sang de bæuf quality, that there 
was nothing present comparable in its quality with the 
fine Chinese prototypes of that kind. In the Chinese 
specimens there was an indefinable quality which it was 
apparently almost impossible to reproduce, and he had 
never seen a piece of sang de bceuf that would come 
near deceiving him as being a piece of first-rate Chinese. 
Something seemed to escape the European potter. 
What it was it was not very easy to define, 
but there was something. That, he took it, was 
due in the main to the traditional and hereditary skill 
which was one of the great features of Chinese ceramics. 
The Chinese claim that they made true porcelain 
about 2000 B.C., or it might be 200 B.c.—it was 
immaterial, because he did not believe either the one 
or the other to be true; but at any rate they 
certainly made very fine pieces as early as the 7th 
or 8th century of the present era. One thing 
which had struck him most forcibly, both in the 
paper and in the subsequent discussion, was that in 
all such matters nothing was more obvious than that 
it was all a question of taste. There was one leading 
principle which ought to be followed in such matters 
and this had been indicated by Mr. Day and by Mr. 
Burton, namely, that there were certain qualities in 
pottery and in the glazes which cover it, and that the 
proprieties with regard to those two, should always be 
observed in any decoration or modification of the 
surface called for by the public. He had a great 
feeling that one of the desirable things in a 
glazed vase was that it should seem to be glazed 
and that it should conform to the natural qualities of 
the material of which it was made. He thought the 
most dreadful form of pottery that ever was invented 
was what was known as Barbotine, in which there 
was what looked like a varnish, a very thick kind of 
incrustation, as if a man had taken a pallet knife with 
oil paint and had daubed flowers very thickly upon 
the vase and then had added modelled flowers exactly 
as if the whole thing had been painted in oil. It 
always seemed to him that that was a very wrong 
method of dealing with the decoration of pottery. 
Nothing of that sort was present to-night. On the 
contrary, almost but not quite all the methods of 
decoration used were entirely satisfactory. He was 
inclined to go with Mr. Day and say that if an 
article was made of pottery it ought to have 
the corresponding and proper method of surface 
decoration or surface covering. The great thing 
in all such matters was that when an “accident” 
happened in the kiln in the production of 
beautiful effects, there should be somebody with 
an eye like Mr. Burton close by, so that the 
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thing was crystallised, and the conditions under 
which it was produced were set down, and similar 
beautiful effects could be again produced. It seemed 
quite certain, from what Mr. Burton had said with 
regard to the reduction process, oxidation, and so on, 
that many of those effects were originally due to 
accident, to the accidental exclusion of oxygen from 
the furnace, and the introduction of the necessary 
smoke, which he supposed was not impossible to 
have happened accidentally. The Sunstone tiles 
shown by Mr. Burton were exactly the same in 
effect as the aventurine of the Venetian glass- 
workers, in fact the word ‘‘ aventurine’’ showed it was 
an accident. Mr. Burton had not attempted to ex- 
plain how the accident arose. One ware had charmed 
him very much in its time. It was produced near 
Middlesbrough, at Linthorpe, and in it some flambé 
effects were produced with very considerable success. 
He would have liked to have seen one or two pieces 
of that ware alongside some of the specimens shown 
that evening in order that a comparison might be made 
with a ware made 20 years ago. He understood a Japa- 
nese potter was imported in order to conduct some of 
the experiments with the glaze. He failed to see, as 
Mr. Day had done, that there was any particular 
reason against the Zsolnay factory producing their 
lustre in their own way. It seemed to him that there 
was an essential difference in the quality of the two 
lustres, and they were probably produced in different 
ways. But he failed to see that it was a crime to 
produce it in a different way, and if the effect 
was as good, he could not see that Zsolnay 
was to be blamed. He once painted himself 
on the back of some pottery an inscription in ink, 
which was painted over the glaze in the ordinary 
way. That inscription came out in a very charming 
lustre. France had advantages over England, where 
everything was a matter of private enterprise. Whether 
it was a desirable thing to have a Government 
factory of pottery he was by no means sure, but it 
certainly was a very desirable thing to have chemists 
employed to discover the methods of the ancients, so 
far as they desired to reproduce them for the benefit 
of the community. In that way France had a con- 
siderable pull over this country, with twelve chemists 
working in that direction and with a factory to pro- 
duce the results of their researches, while English 
firms had to work under the disadvantage of having 
to pay their own chemists. In conclusion, he pro- 
posed a hearty vote of thanks for a paper which had 
been of interest to all present. 


The resolution was put and carricd unanimously. 


Mr. BURTON having returned thanks for the vote, 
also thanked Mr. Read for taking the chair, the 
Copenhagen Porcelain Company, Mr. Walter Crane, 
Mr. Bernard Moore, the South Kensington Museum 
Authorities, for the loan of very valuable specimens, 
and particulary Mr. Skinner for his assistance. 


NINTH ORDINARY MEETING. 


Wednesday, February 2oth, 1901; H. 
GRAHAM HARRIS, M.Inst.C.E., Vice-Presi- 
dent of the Society, in the Chair. 


The following candidates were proposed for 
election as members of the Society :— 


Bailie, John D., 23, Park-row, Leeds. 

Balrampur, Maharaja of (Bhagwati Prasad Singh), 
Balrampur, Oudh, India. 

Bannerjee, Raja Shib Chunder, Bhagalpur, Bengal, 
India. 

Clark, John, G. Clark and Son, Broadway Works, 
Millwall Docks, E., and 34, Fitzjohn’s-avenue, N.W. 

Jackson, Herbert, 66, Coleman-street, E.C. 

Jourado, M., 56, St. Mary Axe, E.C. 

Pillay, N. Appusundaram, 33, Coral Merchant- 
street, Madras, India. 

Talbot-Crosbie, John Burrell, 6, Parkgrove-terrace, 
Glasgow, W. 

Tylden-Wright, H., The Dundee Coal Company, 
Coalfields, Natal, S. Africa. 

Wayland, William A., U.K. Works, Gosterwood- 
street, Deptford, S.E. 

Woods, G. H., 77, Northgate, Blackburn. 


The following candidates were balloted for 
and duly elected members of the Society :— 


Body, Charles Ash, The Cedars, Sydenham-hill, S.E. 

Catoni, Augustine, H.B.M. Vice-Consul, Alex- 
andretta, Turkey. 

Cave, Henry W., M.A., Claremont, Nuwara Eliya, 
Ceylon. 

Cooper, J. Bruce, Delapré Abbey, Northampton, and 
Burley, Hants. 

Datta, Apurba C., Jubbulpore, Central Provinces, 
India. 

Dixon, Captain Richard T., R.E., Langdown Firs, 
Hythe, Southampton. 

Forshaw, Charles Frederick, LL.D., D.Sc., 48 Han- 
over-square, Bradford. 

Harbord, Philip, J.P., Lamas Hall, Norfolk. 

Maclure, Frank, 38 Walbrook, E.C. 

Morton, William Scott, the Tynecastle Company, 14, 
Rathbone-place, W., and the Cedars, Highgate, N. 

Richter, Charles Augustus, the Bath Cabinet Makers’ 
Company, Limited, Bath, and Newbridge Hill- 
lodge, Bath. i 

Roberts, Henry, St. Catherine’s Priory, Guildford, 
Surrey. 

Spink, Charles F., Messrs. Spink and Son, 17 and 18, 
Piccadilly, W. 

Tooker, Hugh Pollock, Public Works Department, 
Hong Kong, China. 

Twentyman, J. R., Messrs. S. C. Farnham, Limited, 
Shanghai, China. | 

Wallis, Henry R., H.B.M. Vice-Consul, S. Nyasa, 
British Central Africa Protectorate. 

Waterhouse, Alfred, R.A., LL.D., 20, New Caven- 
dish-street, Portland-place, W. 
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Wyness, James, The Indian and Eastern Engineer, 
14 Clive-street, Calcutta, India. 

Yeats, George Malcolm, the Malvern Crystal Ice 
Company, Cromwell-road, Malvern Link. 


Yew, Cheah Choo, 44 Muntri-street, Penang, Straits 
Settlements. 


The paper read was— 


SOME FEATURES OF RAILWAY 
TRAVELLING, PAST AND PRESENT. 


By FREDERICK MCDERMOTT. 


This paper is not meant to be technical; 
and its main instruction is, perhaps, the lesson 
—useful at all times, but especially at the 
beginning of a new century—that it is unwise 
“to prophecy unless you know,” and that it 
would be very rash to try and gauge the pro- 
gress that will have been made in transport by 
the end of another hundred years. 

It may be taken for granted that you all are, 
more or less, familiar with the principal facts 
of railway history. The early days of railway 
enterprise have had a brilliant historian in 
Dr. Smiles, whose ‘‘ Life of George Stephenson ”’ 
has gathered together all the most striking 
features of a wonderful movement. Most of us 
have seen a fair share of the later development 
of this marvellous agency, and are to-day 
reaping the incalculable benefits of the raising, 
by private enterprise, of some £1,200,000,000 
of capital—on which the average return in 1899 
was only 3°9 per cent.—without State aid or 
assistance, and, of late years, in the face of 
“safety” and zsthetic regulations which exist 
in no other country. 

Of the growth of railway enterprise outside 
the United Kingdom, it is sufficient to say 
that the locomotive now runs to Khartoum, is 
fast approaching, through Uganda, the great 
central African lakes, and is slowly working 
its beneficent way towards a through route 
from the Cape to Cairo. 

The development of the railway system is, 
indeed, a fascinating subject, and, perhaps, 
Rudyard Kipling may some day give us a poem 
worthy of so grand a theme; but it is my 
pleasant duty to-night merely to remind you of 
a few features of railway travelling, past and 
present, in our country. 

“Things seen are mightier than things 
heard,” and the pictures to be thrown on the 
screen will bring home to you the progress 
made in railway travelling in a far more striking 
way than any words of mine could do. 

It is difficult to realise that the entire growth 


of the railway system has taken place in the 
lifetime of many, happily, still with us, and 
who, we hope, will see many years of the new 
century. I say “growth ” advisedly, because 
the seed might have to be traced back to much 
earlier days. 

At the date of the opening of the Stockton 
and Darlington line, which, for our purpose to- 
night, we may take as the beginning of rail- 
ways, Her late Majesty Queen Victoria was 
six years old. Itwas not until 1842 that it was 
considered, in some quarters, safe to trust so 
valuable a life to the ‘‘ iron horse,” and here is 
a wood-cut of what was considered a very 
grand coach which the London and South- 
Western Company built for her shortly after 
that time. The next print represents the 
Queen, Prince Consort, and Louis Phillipe 
en route for the Isle of Wight in 1843, in 
which year the Duke of Wellington made 
his first railway trip in attendance on Her 
Majesty. In his case the shock of the death 
of Huskisson at the opening of the Liverpool and 
Manchester line no doubt helped to strengthen 
his prejudice against the iron horse. I think 
the present royal train of the Great Western 
Company leaves little to be desired in the way 
of comfort, according to our ideas of to-day. 
Perhaps its representation on the screen at the 
beginning of next century will be received with 
the same pitying mirth with which we have just 
looked at the royal coach of ‘‘ The Forties.” 

My paper, however, cannot keep you in the 
high altitudes of royalty, but has to deal with 
the lives and experiences of ordinary mortals. 
Before leaving royal circles you may, however, 
like to see the accompanying sketch of the 
train which took the royal visitors to Paris 
somewhere in the ‘‘ Fifties.” -It is signed G. 
Doré. 

The next slide represents a print, given by 
a German newspaper as a recent supplement, 
and described as a train on the Stockton and 
Darlington Railway. The picture, however, 
represents the ‘‘De Witt-Clinton’’ engine 
and coaches which ran on the Mohawk and 
Hudson line, nowa part of the great New York 
Central and Hudson River railroad system. I 
include it in our series to-night as it brings 
out very well the highly respectable class 
of traffic expected in the early railway days. 
It must be remembered, too, that railway 
passengers were at this time regarded in many 
quarters as foolhardy seekers after novelty. 
The Quarterly Review, for instance, referring 
to a proposal to build a line to Woolwich, 
said :— 
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‘The gross exaggeration of the powers of the 
locomotive steam-engine, or, to speak more plainly, 
the steam-carriage, may delude for a time, but must 
end in the mortification of those concerned. It is 
certainly some consolation to those who are to be 
whirled at the rate of eighteen or twenty miles an 
hour by means of the high-pressure engine, to be 
told that they are in no danger of being sea-sick 
while they are on shore, that they are not to be 
scalded to death, nor drowned by the bursting of a 
boiler, that they need not mind being shot by the 
scattered fragments, or dashed in pieces by the flying 
off or the breaking of a wheel. But, with all these 
assurances, we should as soon expect the people of 
‘Woolwich to suffer themselves to be fired off by one 
of Congreve’s ricochet rockets as trust themselves to 
the mercy of such a machine going at such a rate. 
We will back old Father Thames against the Wool- 
wich Railway for any sum.” 

The reviewer, indeed, echoed the feelings of 
the public of 1825, and even the strongest 
supporters of railways took a very modest view 
of their future ; one of the leaders of the party 
wished it to be clearly understood that they did 
not sanction ‘‘ the ridiculous expectations, or 
rather professions, of the enthusiastic specu- 
lator who expects to see the engine travelling 
at the rate of twelve, sixteen, eighteen, or 
twenty miles an hour.” 

Crossing over to the Liverpool and Man- 
chester line, here is a pen and ink drawing, of 
1829, by Vignoles, of the ‘‘ Novelty” engine, 
with its highly respectable ideal train. If we 
could afford it we travelled in our own carriage, 
and thus avoided the profanum vulgus, 
paying 43d. per mile for the carriage truck, 
and 3d. per mile for ourselves. If we could 
not afford this luxury, at least we went in tall 
hats, and maintained our dignity. 

Gentlemen in those days seemed indeed to 
live in tall hats even when, as in the next 
print, showing ‘‘ The Rocket’’ of 1830, the 
works had to be oiled, or the fires fed. The 
impending annihilation of the old stage coach 
is, it will be seen, artfully suggested by its 
place in the background. 

How difficult it is to realize that that engine 
was built in the lifetime of living persons, and 
yet there have only just retired from active 
work two officials, one of whom, Mr. Thomas 
Baildon of the Lancashire and Yorkshire, 
remembers when the guards used to collect 
tickets from the passengers along the foot- 
boards while the trains were in motion, as 
they do on the Continent at the present time. 
In those days the trains were trumpeted out of 
the Manchester terminus, and when they 
arrived very late the bugler, as he was called, 


used to play, ‘‘ Oh, dear, what can the matter 
be?” The other, Mr. Charles Ernest of the 
North Eastern, recalls the open carriages, 
without tops or sides, the days when the guard 
rode on the top, and when the aristocracy 
travelling to London would not occupy a rail- 
way Carriage, but rode in their own private 
Carriages strapped on carriage trucks. When 
he entered the York and North Midland service, 
guards were not provided with vans, goods 
guards either rode on the engine or on one of 
the buffers of the last waggon, and passenger 
guards rode on the top of the passenger 
carriage which were provided with a seat and 
a hand brake. 

We have seen how gloomy were the views of 
the safety of railway travelling taken by many ; 
but we have a delightful record of how Fanny 
Kemble enjoyed a ride, somewhat later, on the 
Liverpool and Manchester line when once her 
mind had been made up for the attempt. In 
a letter to a friend describing the trip she 
writes :— 


“« We were introduced to the little engine which 
was to drag us along the rails. She (for they make 
these curious little fire-horses all mares) consisted of 
a boiler, a stove, a platform, a bench, and behind the 
bench a barrel containing enough water to prevent 
her being thirsty for fifteen miles, the whole machine 
not bigger than a common fire-engine. She goes 
upon two wheels, which are her feet, and are moved 
by bright steel legs called pistons; these are pro- 
pelled by steam, and in proportion as more steam is 
applied to the upper extremities (the hip-joints, I 
suppose) of these pistons, the faster they move the 
wheels; and when it is desirable to diminish the 
speed, the steam, which unless suffered to escape 
would burst the boiler, evaporates through a safety- 
valve in the air. The reins, bit, and bridle of this 
wonderful beast is a small steel handle, which applies 
or withdraws the steam from its legs, or pistons, so 
that achild might manage it. This snorting little 
animal, which I felt rather inclined to pat, was then 
harnessed to our carriage, and Mr. Stephenson having 
taken me on the bench of the engine with him, we 
started at about ten miles an hour. ... You can’t 
imagine how strange it seemed to be journeying on 
thus, without any visible cause of progress other than 
the magical machine, with its flying white breath and 
rhythmical, unvarying pace, between rocky walls 
which are already clothed with moss and ferns, and 
grasses; and when I reflected that these great masses 
of stone had been cut asunder to allow our passage 
thus far below the surface of the earth, I felt as if no 
fairy tale was ever half so wonderful as what I saw. . . 
The engine having received its supply of water, the 
carriage was placed behind it, and was set off at its 
utmost speed, thirty-five miles an hour, swifter than a 
bird flies (for they tried the experiment with a snipe). 
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You cannot conceive what that sensation of cutting 
the air was. When I closed my eyes this sensation 
of flying was quite delightful, and strange beyond 
description ; yet, strange as it was, I had a perfect 
sense of security, and not the slightest fear.” 


Henry Crabb Robinson thus described a 
journey he made in 1833 :— 

‘Of the rapidity of the journey I had better ex- 
perience on my return; but I may say now that, 
stoppage included, it may certainly be made at the 
rate of twenty miles an hour. I should have observed 
before that the most remarkable movements of the 
journey are those in which trains pass one another. 
The rapidity is such that there is no recognising the 
features of a traveller. On several occasions the 
noise of the passing engines was like the whizzing of 
arocket. Guards are stationed in the road, holding 
flags, to give notice to the drivers when to stop.” 


Carlyle’s account of his first ride is pic- 
turesque :— 

“ The whirl through the confused darkness, on those 
steam wings, was one of the strangest things I have 
experienced—hissing and dashing on, one knew not 
whither. We saw the gleam of towns in the distance 
—unknown towns. We went over the tops of houses 
—one town or village I saw clearly, with its chimney 
heads vainly stretching up towards us— under the 
stars; not under the clouds, but among them. Out 
of one vehicle into another, snorting, roaring we flew, 
the likest thing to a Faust’s flight on the Devil’s 
mantle; or as if some huge steam night-bird had 
flung you on its back, and was sweeping through 
unknown space with you, most probably towards 
London.” 

The imagination is powerless to conceive 
the horror of these Liverpool and Manchester 
railway passengers had they been asked to 
secure their seats in the 1.25 train from Liver- 
pool-street Station to Enfield, the scene of 
which is depicted in the photograph shown on 
the screen. The number of passengers who 
come into and go out of Liverpool-street Sta- 
tion daily is about 156,000—equal to more than 
the population of Brighton—and for their 
accommodation about 1,000 trains are worked in 
and out in the 24 hours. How little the public 
who use these trains realize the magnificent 
organization involved in the safe working of 
this traffic ! 


ACCIDENTS IN THE EARLY DAYS. 


That there was substantial ground for un- 
easiness as to accidents in railway travelling 
there can be no doubt, for asthe system spread 
accidents increased with alarming rapidity. 
Some great mind always arises to meet great 
emergencics, and here is how one such pro- 
posed to the directors of the London and South- 
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Western railway to prevent all serious mis- 
chances. The “explanation ” attached to the 
engraving was as follows :— 

« At the back of the last carriage (or a special one 
put for the purpose) some wool bags are placed on 
wood or iron supports, and resting on sacking with 
rings to slide on rods, which are placed through 
grooves or loops affixed to the vehicle. 

“In the event of a collision taking place, the hind- 
most bag will collapse so as not to touch the spars, 
and consequently there will be no resistance from the 
framing, as the rods will instantly be impelled forward 
and the wool left entirely unobstructed to effect the 
intention, viz., of neutralizing the shock, whereby it is 
presumed no crash o1 injury could possibly be 
sustained. 

“ Similar smaller bags are placed between each 
carriage and in front of the locomotive, which, if also 
effective, might probably supersede the use of the 
buffer springs, the application of which to the carriage 
is very expensive.” 


The work of a very large section of the 
splendid army of some 500,000 men who carry 
on the great work of the railways of this 
country—in the vast majority of cases, with 
such noble self devotion, zeal, and care—is hard 
and perilous, but the great bulk of employees 
are, I believe, proud of their service, and as 
contented with their lot as any other body of 
men in the country. Certainly the directors 
and officials are sincerely anxious to do all in 
their power for their comfort and welfare. If, 
however, their work is hard and often dan- 
gerous, it is at least some consolation to know 
that the conditions of labour are better in many 
respects than in the early days. Take for 
instance the guards who were perched on the 
carriages to apply the brakes, and the drivers 
and stokers who had to work with no shelter, 
as shown ın the accompanying slides. The 
first is a view of Canterbury from the South 
Eastern Railway—the second of Chalk Farm 
Bridge on the Birmingham, now London and 
North Western, Railway. 


THE RAILWAY ‘‘ BOOM” OF THE FORTIES. 


Every one remembers the wild speculation in 
railways in the early ‘‘Forties;’’ the rise and 
fall of King Hudson, of the hero of ‘‘ The Yellow- 
plush Papers;’’ and of a vast number of others 
whose fates have left no mark in history. 
Cruikshank has recorded the wild schemes put 
forward in one of his inimitable drawings. You 
will notice a railway to the pyramids is put 
forward as typical of the extravagancies of 
those days,—to-day the railway is open to 
Khartoum. For those who want to understand 
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the public feeling of the ‘‘ Forties’’ as to rail- 
way speculation, no better historian than 
Punch can be studied. 
shown, for instance, speaks volumes for the 
infatuation which possessed all classes. 


RAILWAY PASSENGERS PAST AND PRESENT. 


The idea of encouraging ‘‘ the masses ” to 
travel was of slow growth amongst railway 
officials; and by 1845 the carriages for con- 
veying third-class passengers at or under a 
penny per mile, were, to say the least, not 
luxurious, as shown by the slide. Here are 
particulars of some of these vehicles :— 


| | 
Length. Breadth Height. Number 


| Pasngrs 
“ft. in! ft. in. ft. in, 
Eastern Counties ............ 2 0| 70! 60 32 
Grand Junction............... 1611 | 6 8 | 5 3% 40 
Great Western .........s0000 20 9| 8 6 | 69 59 
London and Birmingham.| 17 4| 6 8 | 5 6 | 40 
London & South Western.| 13 6| 69! 5 4 | 30 
London and Croydon veel 17 4| 8 2 ! 6 3 48 
Midland ossessi seeissssese. 13 4] 69; 55 | 30 
South Easterm...........c008 17 4| 8 2 | 6 3 48 


The full beauty of an open third class carriage 
is suggested by the photograph on the screen 
of a Bodmin and Wadebridge carriage. This 
line now forms part of the London and South 
Western system. 

The trains were few; the speed was slow; 
the carriages were open from endtoend. A 
circular announcing the opening of the London 
and Birmingham line to Boxmoor in July, 1837, 
informed the public that the “first-class 
coaches carry six passengers inside, and each 
seat 1s numbered ; second-class coaches carry 
eight passengers inside, and are covered but 
without lining, cushions, or divisions, and the 
seats are not numbered; third-class coaches 
carry four passengers on each seat, and are 
without covering.’ The stock thus described 
showed but little change for several years, and 
down to the ‘‘ Forties ’’—and even the early 
years of the “Fifties” on some branches—open 
third-class carriages were common on many 
railway systems. 
those unfortunate passengers had not only 
to bear all the ills the weather might have in 
store for them, from burning heat to biting 
winds and snow, but the dust from the roads 
and the roofs of newly-made tunnels, with 
occasional showers of hot cinders from the 
engine. On a wet day the condition of 


The cartoon now | 


In these open carriages 


passengers was naturally most miserable. If 
they turned their backs to the rain it ran down 
their necks; while if they faced it they were 
blinded by the storm. An umbrella in a 
crowded truck of this description in a high 
wind was only vanity and vexation of spirit to 
the owner as well as his neighbour. For 
specially crowded trains the wooden seats 
could be removed, or passengers, for the 
Derby, for instance, could be packed as shown 
in the slide. 

The instructions and hints given to intending 
passengers in Coghlan’s Railway Companion 
from London to Birmingham, Manchester and 
Liverpool, 1838, are very suggestive of the 
pleasures in store for them. Mr. Coghlan 
explains that :— 


“ It was the original intention of the company, by 
numbering the seats of the carriages, to give the 
passengers tickets accordingly; and I believe the 
plan was acted upon for a short time, but found to 
cause much confusion, and was therefore abandoned. 
Indeed, allotting particular seats to the concourse of 
persons travelling by the railway would be almost 
impossible. The method of numbering the seats in 
public conveyances is almost universally practised on 
the Continent, with great facility and benefit to the 
passengers ; and if adopted in our mails and stage- 
coaches, would be the cause of preventing the 
disagreeable squabbles for the places which so 
often occur. In the mails and first-class carriages, 
where all the seats are alike comfortably fitted 
up, I should imagine that preference cannot 
possibly exist. Ladies have not even the old- 
fashioned excuse of ‘Can’t sit with my back to the 
horses,’ for should there be any horses attached to the 
train, they will be found where my countryman found 
his coat-tails—behind. In the second-class carriages, 
or rather waggons, there is certainly a preference to 
be observed. In the first place, get as far from the 
engine as possible, for three reasons. First, should 
an explosion take place you may happily get off with 
the loss of an arm or a leg, whereas if you should 
happen to be placed near the said piece of hot 
machinery. and an unfortunate accident really occur, 
you would very probably be ‘ smashed to smithereens,’ 
as Brother Jonathan most expressively terms the 
likely result of such an occurrence. Secondly, the 
vibration is very much diminished the further 
you are away from the engine. Thirdly, always 
sit (if you can get a seat) with your back 
towards the engine, against the boarded part of 
the waggon; by this plan you will avoid being 
chilled by a cold current of air which passes through 
these open waggons, and also save yourself from being 
nearly blinded by the small cinders which escape 
through the funnel. A screen of fine gauze wire, 
fastened at the top of the funnel, would prevent this, 
and in no way interfere with the smoke.” 
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Judged by the letters which occasionally 
appear in some of the daily papers—notably, 
during the dull times when Parliament is not 
sitting—it would appear that no progress has 
been made in railway management since the 
days of George Stephenson; but I think it 
must really be admitted that a Midland third- 
class dining car—in which an excellent dinner 
is served for half-a-crown, and the run between 
London and Edinburgh made in a little over 
eight hours—is a distinct improvement on the 
types of vehicles we have just seen. Should a 
passenger desire even greater luxuries than 
this third-class car, he can pay the difference 
and go in, say a Great Northern first-class car. 
If he wants more—well, he hardly comes in 
the scope of this paper. 

In the instructions in the Railway Guide 
book, from which I just quoted, the traveller is 
advised to see his luggage ‘‘ placed on the 
roof of the coach in which he has taken his 
place.” There are many of us who can 
remember this system still in use, and for 
those who do not the accompanying sketch 
from Zhe Lilustrated London News of 1850 
will sufficiently show how it worked. The 
picture represents the arrival of a Christmas 
train on the Eastern Counties — now the 
Great Eastern—line. Mr. Drury, the passenger 
superintendent of the company, tells me that 
this system was in use as late as 1873 on the 
Great Eastern system. 


RAILWAY STEAMBOAT SERVICES. 


In addition to the vast facilities of land 
transit provided by the railway companies 
splendid steamboat services have been es- 
tablished between England and Ireland and 
the Channel Islands, and with the Continent. 
Prints of the early steamboats placed on these 
routes are rare and generally unsatisfactory ; but 
the reproduction now on the screen of a picture 
by Knell of the arrival of Prince Consort in 
1840 may be taken as representing the height 
of luxury at that date in Cross-Channel cross- 
ing. The improvement made in the last fifty 
years is sufficiently indicated by the contrast 
of this picture with the next photograph of 
one of the South Eastern and Chatham 
Company’s boats of to-day. 


RAILWAYS AND THE TRANSPORT OF 
TROOPS, &c. 


With the splendid services rendered by the 
railways at home and in Africa during the 
present campaign, we are all familiar from the 
accounts in the daily papers. Only those 


acquainted with the details of railway manage- 
ment can, however, understand what a mass 
of details had to be arranged before these 
men—a section of the Devonshires, I believe— 
were landed at Southampton Docks. Between 
2oth October and 3rd Feb., 1900, the London 
and South Western Company carried 3,244 
officers, 114,933 men, 12,924 horses, 267 guns, 
997 military waggons, and 10,000 tons of stores 
and ammunition. This heavy traffic was con- 
veyed in 592 special trains; and in no case 
was a transport delayed by the train service. 
Since that time, it has been unfortunately 
necessary to despatch further large bodies of 
men and stores, and these have been dealt 
with in an equally satisfactory manner. The 
great facilities provided at Southampton Docks 
by the enterprise of the London and South 
Western Railway are suggested by this slide 
of a train of guns for embarkation. 

In connection with this subject—as illustrat- 
ing the high opinion entertained by the country 
at large of our railway management—it is only 
fair to recall the fact that Mr. Frederick 
Harrison, the general manager of the London 
and North Western, was last autumn put on 
the Commission appointed to inquire into the 
hospital arrangements in South Africa; and 
this year Mr. G. S. Gibb, general manager of 
the North-Eastern Railway, has been ap- 
pointed a member of the Commission which is 
inquiring into the business methods of the 
War-office. l 


LIGHT RAILWAYS. 


Under present working conditions it may be 
taken that the main lines of railway com- 
munication of the country have been provided. 
With electricity as a motive power who shall 
say how many lines there may be some day 
between London and Edinburgh? In the 
meantime there is a wide field for the con- 
struction of light railways in districts which 
cannot afford traffic sufficient to yield a profit 
on ordinary lines. No one has yet succeeded 
in giving an altogether satisfactory definition 
of a light railway; but, at any rate, the ordinary 
practical meaning is a line that costs sub- 
stantially less than an ordinary one, and which 
can be worked at a much lower rate by severe 
economy in labour, &c. The accompanying 
photograph of the useful class of engine used 
on the Rother Valley Light Railway may be 
taken as a type of locomotive available for 
light railways built on the standard 4 ft. 83 in. 
gauge, which has obvious advantages when it 
can be adopted. ` Since their appointment 
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in 1896, the Light Railway Commissioners have 
had over 300 schemes brought before them, 
covering nearly 3,000 miles, but a very large 
number of these undertakings have not been 
carried out owing to the difficulty of finding 
the capital for such small ventures. The Com- 
missioners have done their work admirably and 
Parliament will no doubt renew their powers 
when they expire at the close of the current 
year. 


ELECTRIC LINES. 


The next slide, which rather reminds 
us of the ‘‘ Central Tube,” represents the 
Pneumatic Despatch Tube of 1865, show- 
ing the Holborn end on the opening day. 
The section illustrated was that from Euston- 
square to Holborn, a distance of 1}? miles, 
whence it was continued subsequently another 
mile eastward to the General Post Office. The 
tube was 4 feet in height and 4 feet 6 inches in 
width. The ordinary freight was to be letter 
bags, but it was proposed by the Pneumatic 
Tube Company to construct similar lines 
between the various metropolitan railway 
termini and goods depéts for the carriage of 
goods. One of the passengers who made the 
journey, the successful termination of which is 
represented in our picture, explained that the 
sensation in starting, and still more so upon 
arriving, was not agreeable—a statement which 
one can quite believe. The pneumatic tube 
proved a failure, and was lost sight of altogether 
until about twelve months ago, when it was 
discovered, so to speak, and various accounts 
appeared of its history. 

On the 18th June, 1881, the Graphic pub- 
lished the following sketch of a small electric 
railway, about 300 yards long, constructed at 
the Crystal Palace, and explained that :— 

“ Dr. Siemens, whose electrical researches are well 
known, has long thought of employing these ma- 
chines for working elevated railroads, and in the 
summer of 1879 the model of an electric railway was 
shown at the Berlin Exhibition similar to that ex- 
hibited during the past few weeks at the Crystal 
Palace. The electrical force is generated by a sta- 
tionary engine at one end, and the rails themselves 
are used as conductors of the electricity. The car 
itself is the connecting link, and contact can be made 
or broken at pleasure by a lever in charge of the 
guard. This communicates through a wire brush 
with a central rail, insulated by being supported on 
wood blocks. Through this rail the current is sent 
from the primary macbine. When contact is made 
the electrical circuit, being complete, sets in motion a 
small dynamo-machine beneath the car, and this in 
turn moves the wheels. The current passes away 


through the tires of the wheels to the exterior rails, 
whence it is conveyed by a wire back to the primary 
machine. The engine draws three carriages, con- 
taining 18 passengers, at the rate of ten miles an 
hour. Dr. Siemens has also constructed another 
railway between Lichterfeldt, a suburban station of 
Berlin, and the Military Academy. It is about a 
mile and a-half in length, and is working successfully, 
the time occupied in the transit being about ten 
minutes.” 


For our purposes to-night we may take it 
that the electric railway dates from 1879, when 
Messrs. Siemens and Halske exhibited at the 
Berlin Exhibition an electric locomotive and 
one car. In 1881 they opened a third rail line 
in Berlin, which was the first commercial elec- 
tric railway in the world. In 1883, Dr. Werner 
Siemens undertook the electrical equipment of 
the six mile tram line to the Giant’s Causeway. 
In the same year was commenced the real 
work of electric traction in the United States, 
which has since been so wonderfully developed. 
Time will not permit an account of the growth 
of this great movement in other countries. It 
must suffice to remind you that the City and 
South London electric line—the pioneer ‘‘ deep 
level’’ railway—was opened in December, 1890; 
the Waterloo and City in August, 1898; and 
the important Central London line last summer. 

The possibilities of the deep level electric 
railway extension are suggested by the accom- 
panying map published in the Dazly Graphic. 
Altogether taking the lines built, authorised, 
and proposed, there are some 147 miles before 
the public. It is satisfactory to see that Par- 
liament will appoint a special Commission to 
deal with the many schemes to be submitted ior 
sanction in the coming Session. 

It is not only in regard to the multiplicity of 
schemes that such a Commission is desirable. 
There is a marked difference of opinion as to 
the merits of the ordinary sized tunnel and the 
compact tube. Sir Charles Scotter, who is 
associated with the Waterloo and City—a tube 
line—and also with the Great Northern and 
City—a full-sized tunnel railway now in course 
of construction — has recently spoken very 
strongly in favour of the latter. This battle of 
‘“ Tunnel v. Tube ” should certainly be brought 
before a strong Parliamentary Committee. 


CONCLUSION. 


The ‘‘Central Tube” brings me very near 
to the end of my subject, which I frankly 
confess has been dealt with in a most scrappy 
and inadequate manner. I had, however, 
when Į accepted the Secretary’s suggestion 
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that I should read this paper, no idea 
how difficult would be the task of treating it 
with any degree of sufficiency within a reason- 
able time. The vastness of the interests 
concerned and the mass of materials available 
must, indeed, be my excuse for the scrappy 
and disjointed manner in which I have done 
my work. I should like to add my thanks to 
the many kind friends and officials who have 
lent me photographs or given useful informa- 
tion. 

Whilst intensely proud of the work done 
by British railway companies, the diffi- 
culties of which can only be realised by those 
actively engaged in this great industry, I am 
haunted by the feeling that some searcher in 
the archives of the Society of Arts at the end 
of the next century will find a resumé of my 
paper, and laugh its pride to scorn. Let me 
remind you that it is only three score years 
or so ago that the Quarterly Review wrote :— 

“Although (says Mr. Sylvester) it would be 
practicable to go at any speed, limited by the means 
of creating steam, the size of the wheels, and number 
of strokes in the engine, it would not be safe to go at 
a greater rate than 9 to 10 miles an hour. If by any 
chance the wheels of the engine should get off the 
rails, which is sometimes the case, a greater speed 
than that above mentioned would be attended with 
proportionate danger. 

«No doubt it would; for if ponderous bodies, 
moving with a velocity of 10 or 12 miles an hour, 
were to impinge on any sudden obstruction, or a 
wheel break, they would be shattered like glass 
bottles dashed on a pavement; then what would 
become of the Woolwich railroad passengers, in such 
a case, whirling along at 16 or 18 miles an hour, as 
Mr. Telford says, ‘with greater safety’ than the 
ordinary coaches ? 

‘We trust, however, that Parliament will, in all 
the railroads it may sanction, limit the speed to 8 or 9 
miles an hour, which, we entirely agree with Mr. 
Sylvester, is as great as can be ventured upon with 
safety.” 


Who, indeed, shall say what shall be the 
progress in transport of the 2oth century ? 

Sir William Preece, one of the greatest living 
authorities on the practical applications of 
electricity to the wants of humanity, will, I 
believe, in the current Session of Parliament, 
repeat the evidence he gave last year as to the 
feasibility of running trains 110 miles an. hour 
on the proposed Manchester and Liverpool 
electric railway. The model of the carriages 
which are to form part of this electric express 
service are not picturesque, it must be ad- 
mitted; but I am afraid the picturesque will 
not play a prominent part in this century. If, 


however, Parliament sanctions this experi- 
mental line, we may be nearer a vast revolution 
in railway travelling than most of us realise 
to-night. 

Mr. W. Langdon, Electrical Engineer of the 
Midland Railway, in a paper read in November 
last, at the Institution of Electrical Engineers, 
claimed that by using electricity instead of 
steam, no less than 18:876 lbs. of coal per train 
mile could be saved, which, on the traffic of 
the United Kingdom, would mean a saving of 
3,000,000 tons a year. On the Midland system 
alone he contended that the supersession of 
the steam by the electric locomotive, would 
mean an annual saving of £364,000 per annum. 

Dr. Erasmus Darwin, grandfather of the 
great naturalist, in his poem, entitled, ‘‘ The 
Botanic Garden,’’ published in 1791, wrote :— 

“ Soon shall thy arm unconquered stcam! afar 
Drag the slow barge, or drive the rapid car; 
Or on wide waving wings expanded bear 
The flying chariot through the field of air.” 

How wonderfully some of this forecast has 
been fulfilled we have seen to-night. At the 
Royal Institution a few days since Professor 
Bryan, in a paper on “‘ Aerial Locomotion,”’ 
claimed that Count Zeppelin has driven an air 
ship against a moderate wind and has suc- 
ceeded in steering it. 

In a finely-conceived poem on the New 
Century, Mr. Stephen Phillips admits us into 
the proposals of the great General Manager of 
the universe, who tells us :— 

“ And I will abolish utterly smoke and confusion, 

On roaring will set my feet; 


On the wailing whistle of engines, the tunnclled shricking, 
The groaning labour of steam.” 


And we are further told :— 
“ I have lcd, like steeds from a stable, forces and powcrs, 
I have bidden ye mount them and ride. 
In the years that shall be ye shall harness the powers 
of the æther, 
And drive them with reins as a steed ; 
Ye shall ride on a power of the air, on a force that 
is bridled, 
On a saddled element leap.” 

Looking at the progress made in railway 
travelling in the past seventy-five years, far be 
it from me to doubt what Mr. Phillips predicts ; 
but it certainly does not sound restful, or good 
for weak nerves. Personally, I should feel 
distinctly nervous about leaping on ‘‘ a saddled 
element ;’’ but perhaps there will be riding 
schools for beginners, and men like Sir William 
Preece may have ones they can ‘‘ warrant quiet 
to ride or drive.” I have, I am sorry to say, 
no lantern slides relating to these coming forms 
of transit, which I must leave to be thrown on 
the screen at one of the weekly meetings of 
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the Society of Arts, in the year 2001, when 
they will doubtless be regarded as old- 
fashioned, or, at least, every-day methods. 

In the meantime, I think a London and North- 
Western corridor-dining train is a product of 
which the Nineteenth Century may fairly be 
proud, and with a view of one I may well 
conclude this paper. 


DISCUSSION. 


Mr. DIXON DAVIES shared the pride which Mr. 
McDermott had expressed in the wonderful achieve- 
ments of railway enterprise since 1825. When one 
considered the amount of prejudice the pioneers 
had to encounter, one felt very proud of the fact that 
they were able to overcome their difficulties without 
aid from Government. The railway pioneers, at all 
events, were left a fair field by the authorities. If 
they could find capitalists who would believe in 
them, they were given a fair chance of bringing 
their wares into the market. The state of things at 
the present day was vastly different. The simplest 
development of an existing railway could not be 
undertaken without its being opposed by every 
authority up and down the country. Such obstacles 
were not put in the path of railway enterprise in 
ther countries, as was proved by the case of electric 
traction. In the United States of America, where the 
town population was not so concentrated as in 
England, and therefore where the need for rapid com- 
munication by street railways to and from the centres 
of population was not so great, there already 
existed, under a system which depended entirely 
upon private enterprise for its development, upwards 
of 15,000 miles of electric traction, whereas in Eng- 
land according to recent returns, there were only 50 
miles. When one thought with pride of what was 
accomplished by private enterprise in the early days 
in the teeth of excusable ignorance, one turned with 
humiliation to the condition of things electrical in 
England. Why was it that, while this country was 
able to lead the rest of the world in the application 
of steam to transport, it was so behindhand in 
the introductions of electric railways compared 
with any other civilised country in the world. Even for 
the production of machinery we had to tum entirely to 
foreign countries. There was no lack of capital, of 
engineering ability, of courage on the part of 
capitalists to risk their money on the enterprise and 
new ideas of engineers; the extraordinary stagnation 
could only be accounted for by the fact that the 
application of electricity to transportation had been 
placed entirely in the hands of local authorities. 
Practically speaking it was impossible to start any 
electric undertaking without first obtaining the con- 
sent of local authorities. The peculiar adventure 
exemplified in the transition between the early 
days of railways and the present state of things, 


the almost wild adventure from the known to the 
unknown could not be expected at the hand of a local 
authority. 


The CHAIRMAN said that about twenty-five years 
ago, he was helping his chief, Sir Frederick 
Bramwell, to prepare a paper, which was read 
before the British Association at Bristol in 1875, 
upon ‘ Railway Safety Appliances.” Taking the 
Board of Trade returns for the three years, 1870-3, it 
was found there was only one death from causes 
beyond the passengers’ own control for every 
12,000,000 passengers carried. Comparing that with 
the returns published for the year ending June 30th 
last, he found there was only one death from causes 
beyond the passengers’ control in 18,500,000 
passengers carried. He thought that was a wonder- 
ful advance in twenty-five years. Mr. Davies had 
referred to the fact that there was no want of 
enterprise on the part of the capitalist, who was 
prepared at the present day to do quite as much 
as he did in the past. He did not quite agree with 
that. Forinstance, with the exception of the latest un- 
opened tube railway all the tubes were too small. In 
his judgment, every tube railway should have been 
made sufficiently large to take a main line carriage 
and its curves should have been such that the ordinary 
double bogey carriage would easily pass round them. 
Fifteen or eighteen years ago a proposal was made 
by his own firm to the Great Western and 
South Eastern Railway Companies that their main 
line trains alongside the platforms at Paddington 
should be dropped down by means of a hydraulic 
lift into a tube railway and carried to Charing- 
cross, whence it could be taken on by a steam loco- 
motive. The train might be drawn through the tunnel 
either by an electric locomotive, or, as was proposed 
at that time, by a cable. He was absolutely certain 
that that would be one of the modes of relieving the 
present congested trafic of London, and that tube 
railways which were not capable of taking main 
line trains would not be as useful in the future as 
they might have been if they had been made large 
enough. The new Great Northern and City Railway 
was sufficiently large, and, as Sir Charles Scotter 
recently said with very great force, one of the 
advantages which would accrue from that railway 
was that it would be able to take the main line 
carriage, and that its platforms were suffciently 
long for such trains. It probably seemed a small 
matter for a passenger to transfer his luggage, say, 
from Paddington to Praed-street, and thence on the 
Underground Railway to Charing-cross, but those 
who did it frequently found it so much trouble and 
such a nuisance that they were quite prepared to take 
a cab and pay the extra cost, which would not occur 
if facilities were available for passing through on the 
tubular railway. In conclusion he proposed a hearty 
vote of thanks to Mr. McDermott for his interesting 
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Mr. ELLIOTT COOPER said he believed when rail- 
ways were first initiated the prevalent idea was that 
anyone who possessed a carriage suitable for run- 
ning on the railway could send his own vehicle 
upon the railway. Little by little, that practice 
necessarily died out. The last gentleman in England 
who enforced that right, he believed, was the late 
Duke of Portland, who for many years had his private 
carriage put upon a truck, and travelled up to London 
in it. That was possible in the early days, when 
trains travelled at 10, 12, or, at the outside, 15 miles 
an hour, but, nowadays, one could imagine what the 
effect would be of travelling at the rate of 80 miles 
an hour sitting in a carriage onatruck. The chief 
advantages of present day travelling were speed 
and luxury. He thought railway companies had 
gone to a very extreme length in satisfying the 
wishes of the public, and had received very little 
return for their labours. Although in nearly every 
other form of trade, prices had gone up, it was the 
reverse with railway travelling. Prices had gone 
down, while the cost of working had gone up. The 
result was that many railways, which years ago 
were fairly prosperous, were now unable to pay their 
way, and yet if the trains on those railways were a 
few minutes late, there was a large amount of 
grumbling, as if a railway company’s sole object was 
simply to enable the public to travel cheaply and 
quickly, without any regard to the shareholders who 
had found the money. That state of affairs 
was brought about to a large extent by the 
difficulties put in the way of railway enterprise 
by the requirements of local and other authori- 
ties. In one railway he made, through a very 
level country, he was required by the local autho- 
rities to put bridges where, on the Parliamentary 
plans, level crossings were shown. When £2,000 
had been spent on each bridge he was petitioned by 
the people of the district to reinstate the level crossings 
in place of the bridges. In the face of such diffi- 
culties, the investing public could not look forward 
with any certainty of getting a proper return for 
the capital put into railway enterprise. He be- 
lieved the speed of 110 miles an hour at which 
it was proposed to run the new railway, of which 
Sir Wm. Preece was the electrical engineer, was 
absolutely safe. No doubt, the same remarks would 
be made about travelling at 110 miles an hour, as 
years ago were made on the various increases of speed 
from 15 miles an hour upwards. In America, he had 
travelled between New York and Buffalo at about 
80 miles an hour over long stretches. The road 
was so well laid and the carriages ran so smoothly 
that it was impossible to imagine one was travel- 
ling at anything like such a speed. The paper 
enabled one to understand how much the railway 
companies had done for the travelling public. 
Those who travelled and were apt to grumble 
would bear in mind the comparatively small re- 
turn railway shareholders obtained from their ex- 
penditure, 


Mr. J. G. ROBINS, in referring to the uncomfort- 
able crowding on suburban lines, asked if there was 
any possibility of increasing the accommodation of 
railway carriages. He had travelled in many countries, 
but in only one instance had he seen two-storeyed 
trains—in the suburbs of Paris. The upper storey 
had a roof, but there was a good deal of dust, in 
addition to the inconveniences of clambering up 
awkward steps into the carriage, and not being able to 
stand upright. There was a considerable space 
between the floor of an ordinary carriage and the 
ground; was there any possible way of dropping 
the floor, so as to get sufficient headway for a ground 
storey and an upper storey ? 


Mr. ELLIOTT COOPER said that was quite im- 
possible, because the floor of the carriage was only 
3 feet from the rails. Even supposing the floor was 
dropped so as actually to touch the rails, only 3 feet 
would be gained, and as with the present shape of 
carriages in many instances there was only a clearance 
of 8 or 9 inches between the roof of the carriage and 
the tunnels, a second storey was quite impracticable. 


Mr. MCDERMOTT, in reply, briefly thanked the 
meeting for the vote of thanks accorded to him. 


Miscellaneous. 
— 


THE UNITED STATES GOLD FISH 
INDUSTRY. 


According to a recent report from the United 
States, Indiana boasts of one of the few gold fish 
farms in the country. It is situated in Shelby 
county, and the proprietors are the original 
propagators of gold fish in the United States. 
There are two tracts of land widely separated—one 
containing ten and the other sixteen acres—and the 
farm is known as the Spring Lake Fishery. 
There are now, it is said, 200,000 gold fish on 
the two tracts. The breeding ponds are protected 
from the cold winds by high embankments, this 
being the only shelter required, as the fish are 
hardy except when handled. The small fish are 
similar to those of any other variety. They have no 
peculiar marks, being of a silvery grey colour. In 
some instances they do not change colour at all. 
Most of them, however, become very dark, and as 
they develop they take on the beautiful colouring 
which makes them so valuable. The fish are hatched 
on one tract, and as they grow are transferred to the 
other. They are fed alike, being given toasted bread 
crumbs two or three times a week. The sun and 
water do the rest. Shipments of the fish are made to 
all parts of the country. 
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Correspondence. 
a 


ARSENIC IN BEER AND FOOD. 


Mr. William Thomson in his paper on the subject 
of “ Arsenic in Beer and Food,” on the 13th inst., 
mentions the possibility of fruit and vegetables for 
human consumption being contaminated with arsenic 
from the use of superphosphate manures which almost 
invariably contain that poison in greater or less 
quantities. It may interest the members of the 
Society of Arts to know that Dr. Voelcker (Messrs. 
Aug. Voelcker and Sons) has recently analysed for 
my firm a sample of swede-turnips grown from 
superphosphate containing the usual proportion of 
arsenic, and his report is as follows :— 

“« We have examined the sample of swedes which 
you sent us, and we do not find arsenic in them.” 

I remember very well the late Dr. Voelcker in his 
Agricultural Chemistry Lectures at the R.A.C., 
Cirencester, mentioning the fact that crops do not 
assimilate arsenic from the soil or manures. 

E. PACKARD. 

Ipswich, February 16th, 1901. 


MEETINGS OF THE SOCIETY. 
ORDINARY MEETINGS. 


Wednesday evenings, at Eight o’clock :— 


FEBRUARY 27.—‘' The Outlook for the World’s 
Timber Supply.” By Dr. W. ScHLIcH, C.I.E. Sır 
WILLIAM THISELTON - DYER, K.C.M.G., F.R.S., 
will preside. 

Marcu 6.—‘‘ Modern Artillery.” By LIEUT. 
ARTHUR TREVOR Dawson, late R.N. SIR 
BENJAMIN BAKER, K.C.M.G., will preside. 

MARCH 13.—‘ The Proposed High-Speed ‘ Mono- 
rail’ between Liverpool and Manchester.” By F. B. 
BeEHR. SIR WILLIAM PREECE, K.C.B., F.R.S., 
will preside. 

MARCH 20.—‘‘ Evolution of Form in English 


Silver Plate.” By Percy T. MAcQuoip. SIR 
SAMUEL MONTAGU, Bart., will preside. 

MARCH 27.—‘‘ Clocks, Carillons, and Bells.” By 
A. A. JOHNSTON. 

APRIL 17.—'‘ The Synthesis of Indigo.” By 


Pror. RAPHAEL MELDOLA, F.R.S. Sır HENRY 
E. Roscoer, LL.D., D.C.L., F.R.S , will preside. 


APRIL 24.—“ Patent Law Reform.” By 
ALEXANDER SIEMENS. 
May 1.— “Thames Steamboat Service.” By 


ARNOLD F. HILLS. SIR FREDERICK BRAMWELL, 
Bart., D.C.L., F.R.S., Treasurer of the Society, will 
preside. 
Dates to be hereafter announced :— 

‘‘ Multicolour Printing.” By ELMER Z. TAYLOR. 


» 


‘Recent Work on the Photography of Colour.” 
By Sır WILLIAM ABNEY, K.C.B., F.R.S. 

“ School Work in Relation to Business.” 
Sır JOSHUA FitcH, LL.D. 

“ Testing Distant Vision.” 
CARTER, F.R.C.S. 

«The Use of Motors in War.” 
R. E. CROMPTON. 

“ Servia.” By 
M.Inst.C.E. 

“ The Industrial Resources of Portugal.” By J. 
BATALHA-REIS. 


By 
By R. BRUDENELL 
By COLONEL 


EVERARD R. CALTHROP, 


INDIAN SECTION. 
Thursday afternoons, at 4.30 o’clock :— 


FEBRUARY 28.—‘‘ Railways and Famine.” By 
HORACE BELL, M.Inst.C.E., late Consulting En- 
gineer to the Government of India for Railways. 
Sir JOHN WOLFE Barry, K.C.B., F.R.S., will 
preside. 

MARCH 14.—‘ The Growth and Trend of Indian 
Trade—A Forty Years’ Survey.” By HENRY JOHN 
Tozer, M.A. i 

MARCH 28.—“ The Greek Retreat from India.” 
By COLONEL SIR THOMAS HUNGERFORD HOLDICH, 
R.E., K.C.LE., C.B. The EARL of HARDWICKE 
will preside. 

APRIL 18.—‘“‘ Madras the Southern Satrapy.” By 
Joun DAviD REES, C.LE. 

May 2.—‘ Science in Ancient and Modem India.” 
By ProF. JAGADIS CHANDRA Bosg, M.A., D.Sc. 

May 16.—“ The Town and Island of Bombay— 
Past and Present.’ By L. R. WINDHAM FORREST, 
formerly Chairman of the Bombay Chamber of 
Commerce. 

The meetings of March 14, April 18, and May 2 
will be held at the Society of Arts; those of Feb- 
ruary 28, and May 16 at the Imperial Institute. 


COLONIAL SECTION. 

Tuesday afternoons, at 4.30 o’clock :— 

MARCH 26.—“ The Commonwealth of Australia.” 
By the Hon. SIR JOHN ALEXANDER COCKBURN, 
K.C.M.G. 

APRIL 30.—“ The British West Indies.’ By SIR 
NEVILE LuBBOcK, K.C.M.G., Chairman West India 
Committee. 

May 7.—“ The Coal Problem—its Relations to the 
Empire.” By LIEUT. CARLYON W. BELLAIRS, 
R.N. 


APPLIED ART SECTION 
Tuesday evenings, at 8 o’clock :— 


MARCH 5.—‘‘ Early Playing Cards and their Deco- 
ration.” By RICHARD STEELE. 
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MARCH 12.—‘‘Some Examples of Romanesque 
Architecture in North Italy.” By HUGH STANNUs, 
F.R.I.B.A. THOMAS G. JACKSON, R.A., will 
preside. 

APRIL 16.—‘‘ Greek Vases, their Evolution of 
Form and Ornament.” By CECIL SMITH, LL.D. 

May 21.—“ The Rise and Development of Egyp- 
tian Art.” By PrRoFEssoR W. M. FLINDERS 
PETRIE, D.C.L. 


CANTOR LECTURES. 
Monday evenings, at 8 o’clock :— 


W. J. Pore, ‘‘ The Bearings of Geometry on the 
Chemistry of Fermentaticn.’’ Four Lectures. 


LECTURE III.—FEBRUARY 25. 


Stereo-isomerism amongst the sugars and sugar- 
like compounds—The determination of the structure 
and the subsequent synthesis of the sugars—The 
practical bearings of stereo-isomerism. 


LECTURE IV.—MARCH 4. 


Applications of stereo-isomerism to brewing and 
to the study of fermentation—The nature of fer- 
mentation—Organised and un-organised ferments— 
The discriminative effect of the lower organisms 
upon stereo-isomerides, and more particularly upon 
the stereo-isomeric sugars—The physiological action 
of stereo-isomerides. 

MAJOR P. CARDEW, ‘Electric Railways.” 

Three Lectures. 

March 11, 18, 25. 

SIR WILLIAM CHANDLER ROBERTS-AUSTEN, 


K.C.B., F.R.S., “ Alloys.” Four Lectures. 
April 22, 29, May 6, 13. 


SPECIAL LECTURES. 
Friday evenings, April 26, May, 3, 10, 17:— 
ALFRED C. EBORALL, A.I.E.E., ‘‘ Polyphase 
Electric Working.” 


MEETINGS FOR THE ENSUING WEEK. 


Monpay, Fes. 25... SOCIETY OF ARTS, John-street, 
Adelphi, W.C., 8 p.m. (Cantor Lectures.) Mr. 
W. J. Pope, “The Bearings ef Geometry on the 
Chemistry of Fermentation.” (Lecture III.) 

Royal Institution, Albemarle-street, W., 3 p.m. 
Prof. J. A. Ewing, ‘‘ Practical Mechanics: First 
Principles and Modern Illustrations.” (Lecture 
VI.) 

Imperial Institute, South Kensington, S.W., 8 p.m. 
Mr. W. A. Hickman, ‘“ New Brunswick.” 

Surveyors, 12, Great George-street, S.W., 8 p.m. 
Mr. Thomas Blashill, ‘‘The Present Condition of 
the Building Industry.” 

Cleveland Institute of Engineers, Middlesbrough, 
7% p.m. 

Geographical, University of London, Burlington- 
gardens, W., % p.m. 


East India Association, Westminster Town-hall, 
S.W., 3} p-m. Mr. F. Loraine Petre, “ The 
Indian Secretariats and their Relation to General 
Administration.” 

Actuaries, Staples-inn Hall, Holborn, s$ p.m. 

Camera Club, Charing-cross-road, W.C., 8} p.m. 

Medical, 11, Chandos-street, W., 8¢ p.m. 

London Institution, Finsbury-circus, E.C., 5 p.m. 
Mr. F. Enock, “ Aquatic Autocrats and Fairies.” 


Tusspay, Fes. 26...Royal Institution, Albemarle-street, 
W., 3 p-m., Dr. A. Macfadyen, “The Cell as the 
Unit of Life.” (Lecture I.) 

United Service Institution, Whitehall, S.W., 3 p.m. 
Captain Stewart L. Murray, “ The Food Supply of 
the United Kingdom, and Imperial Defence.” 

Medical and Chirurgical, 20, Hanover-sq., W., 8} p.m. 

Civil Engineers, 25, Great George-street, S.W., 
8 p.m., Messrs. W. H. Stanger and Bertram 
Blount, “The Rotatory Process of Cement 
Manufacture.” 

Photographic, 66, Russell-square, W.C., 8 p.m. 
Mr. William Webster, “Notes from Five Years’ 
Work with X Rays.” 


WepNespay, FeB. 27... SOCIETY OF ARTS, Jobn-street, 
Adelphi, W.C., 8 p.m. Dr. W. Schlich, ‘‘The 
Outlook for the World’s Timber Supply.” 
Royal Society of Literature, 20, Hanover-square, 
W. 1pm. 
British Astronomical, Barnard's-inn Hall, Holborn 
E.C., 5 p.m. 


Tuvurspay, Fru. 28..SOCIETY OF ARTS, John-strect, 
Adelphi, W.C. 4} p.m. (Indian Section.) Mr. 
Horace Hill, “Railways and Famine.” (This 
Meeting will be held at the Imperial Institute, 
South Kensington.) 

Royal, Burlington-house, W., 4} p.m. 

Antiquaries, Burlington-house, W., 8} p.m. 

London Institution, Finsbury-circus, E.C., 6 p.m. 
Rev. Canon Benham, “The Literary History of 
the Bible.” 

Society for the Encouragement of Fine Arts, 9, 
Conduit-strect, W., 8 p.m.. Mr. F. H. Evans, 
“ Architectural Details from Southwell Minster.” 

Royal Institution, Albemarle-street, W., 3 p.m. 
Prof. Percy Gardner, “ Greek and Roman Portrait 
Sculpture.” (Lecture I.) 

Electrical Engincers, 25, Great George-street, S.W., 
8 p.m. Mr. O'Gorman, ‘‘Cables.” 

Camera Club, Charing-cross-road, W.C., 8} p-m. 
Dr. J. W. Evans, ‘‘ Indian Eldorados.”’ 


Fripay, Marcu 1...Art Workers’ Guild, Clifford's-inn, Fleet- 
street, E.C..8 p.m. Papers on “ Lettering.” 

Royal Institution, Albemarle-street, W., 8 p.m. 
Weekly Meeting,9 p.m. Mr. H. H. Cunnyngbame, 
“ Enamels.” 

Geologists’ Association, University College, W.C , 
8 p.m. 1. Messrs. A. S. Kennard and B. B. Wood- 
ward, “The Post-Pliocene Non-Marine Mollusca 
of the South of England.” 2. Mr. J. P. Johnson, 
“The Pleistocene Fauna of West Wittering, 
Sussex.” 

Junior Engineers, Westminster Palace Hotel, S.W., 
8pm., Mr. 5. Cutler, jun., “ Carburetted Water 
Gas.” 

Philological, University College, W.C., 8 pm. 

Quekett Microscopical Club, 20, Hanover-square, 
W.C., 8 p.m. 


Saturpay, MARCH 2...North East Coast Institute of Engi- 
neers and Shipbuilders, West Hartlepool, 7} p-m. 
Botanic, Inner Circle, Regent’s-park, N.W., 33 p-m. 
Royal Institution, Albemarle-street, W., 3 p-m. 
Lord Rayleigh, “ Sound and Vibrations. (Lec- 
ture II.) 
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Notices. 
M 
CANTOR LECTURES. 

On Monday evening, 25th inst., Mr. W. J. 
POPE delivered the third lecture of his course 
on ‘‘ The Bearings of Geometry on the 
Chemistry of Fermentation.”’ 

The lectures will be published in the Journal 
during the summer recess. 


INDIAN SECTION. 

Thursday afternoon, February 28th (at the 
Imperial Institute), Sir JOHN WOLFE BARRY, 
K.C.B., F.R.S., Member of the Council, in 
the chair. The paper read was on ‘*‘ Railways 
and Famine,” by HORACE BELL, M.Inst., 
C.E. 

The paper and report of the discussion 
will be published in a future number of the 
Fournal. 


Proceedings of the Society. 


—— eo 


COLONIAL SECTION. 


Tuesday, February 22nd, 1901 : Sir EDWARD 
A. SASSOON, Bart., M.P., in the chair. 


The paper read was-— 


THE CHINA CRISIS—ITS CAUSES AND 
ITS SOLUTION. 


By JOSEPH WALTON, M.P. 


I make no claim to the possession of per- 
sonal knowledge qualifying me to deal with 
the vast and intricate problem involved in the 
China crisis, but I spent some eight months 
recently in travel through China, Japan, and 
Korea with the special object of ascertaining 
from the best informed men on the spot what 


the political and commercial situation really 
was. I visited most of the centres of political 
interest and of commercial activity, and also 
journeyed over 5,000 miles in the interior of 
China. I propose in this paper to state— 
with the object of raising what [ hope may be 
a useful discussion—some of the causes which 
have led to the present crisis, and some of the 
main conditions which should be sought in 
connection with its solution, and in regard 
the importance of which the British residen ` 
in China are practically unanimous. 


CHINO-JAPANESE WAR. 


When at the close of the Chino-Japanes 
War, Russia, France and Germany deprived 
Japan of the fruits of victory by insisting upon 
her withdrawal from the Lao-tung Peninsula, 
Japan asked the support of the British Govern- 
ment in seeking as a condition of her with- 
drawal the conclusicn of an agreement under 
which all the Powers interested in China woule 
bind themselves not to occupy Port Arthur, 
to make any aggression on Chinese teritory 
The British Government refused to assis 
Japan, and thus became largely responsible 
for the future troubles which have arisen. 


APPROPRIATION OF KIAO-CHAU. 


First came the aggression on the part of 
Germany when she appropriated Kiao-Chau, 
and in connection with this the acquiescence, 
if not encouragement, given by the British 
Government made her regarded by the Chinese 
as almost a participator in the act. 


SEIZURE OF PORT ARTHUR. 


This was followed by the seizure of Port 
Arthur and Talienwan by Russia—though she 
had previously stated that Japan could not be 
allowed to remain there, as she would be a 
standing menace to the Government at Pekin. 
The humiliating withdrawal of the British ships 
of war from Port Arthur was a surrender 
disastrous to British interests. Our ships 
should have been kept there and an effort 
made to arrive at an equitable understanding 
with Russia. 

These aggressions on Chinese territory on the 
part of Germany and Russia, which England’s 
attitude encouraged, and in connection with 
which her prestige and influence with the 
Chinese Government have been so greatly 
lowered, are some of the recent causes which 
have led to the uprising of the Chinese nation, 
with the object of expelling foreign intruders 
from their soil. 
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WEI-HAI-WEI. 


The British Goverment’s acquisition of Wei- 
hai-Wei as a counterpoise to Kiao-Chau and 
Port Arthur, and the unasked-for assurances 
then given to Germany, according to her exclu- 
sive and preferential rights in the great province 
of Shang-tung—which had not been openly 
claimed by her, and which were not ours to 
dispose of—caused England to be regarded by 
the Chinese Government as equally aggressive 
and unfriendly as Germany and Russia. 


THE Coup D'ETAT. 


The neglect of the British Government, and 
of other Powers, to take vigorous measures at 
the time of the coup d@’éfat in 1898, to prevent 
the setting aside of the Emperor, and to sup- 
port the party of reform was, undoubtedly, a 
most serious mistake, with far-reaching conse- 
quences. By allowing the supersession of the 
Emperor, and the exercise by the reactionary 
Dowager Empress of the functions of govern- 
ment, the way was prepared for the recent 
outbreak, for the establishment of Boxer 
Societies was encouraged by her anti-foreiyn 
Ministers. The moderate men were, one by 
one, got rid of, and finally came the outburst, 
which the refusal of the Powers to allow the 


removal from power of the Emperor, in 1898, 


would probably have prevented. 


MISSIONARIES, 


How far the forcing of foreign missionaries 
upon the Chinese led up to the outbreak it is 
difficult to determine, but certainly when 
attacks upon missionaries were followed by 
the seizure of Kiao-Chau as reparation by the 
Germans, it is natural to conclude that this 
method of supporting missionaries was calcu- 
lated to lead to a hostile attitude on the part 
of the Chinese population towards them. 
“ First comes the missionary, then the consul, 
then the gunboat,” is a Chinese saying which 
sums up their view of the situation in a few 
words. Personally I have to acknowledge the 
invariable courtesy and willingness to give all 
possible assistance on the part of both Chinese 
officials and people in every city and district 
through which I passed in the course of my 
extended journey in China. I do not, there- 
fore, believe that any general anti-foreign 
feeling existed, except so far as unjustifiable 
aggressions have created it. 


UPRISING IN CHINA. 
Another influence which tended to bring 
about the patriotic uprising of the Boxers was 


the high-handed manner in which Foreign 
Powers entered into agreements, giving to 
each other preferential rights and privileges in 
various parts of China without consultation 
with, or any attempt to secure the assent of 
the Chinese Government to these arrange- 
ments. I refer especially to the Anglo-Russian 
Agreement and the Anglo-German Under- 
standing. 


ANGLO-RUSSIAN AGREEMENT. 


The Anglo-Russian agreement was, it was 
stated, entered into in order to prevent any 
cause of conflict arising where the interests 
of Great Britain and Russia meet in China. 
Under that agreement there was conceded to 
Russia the exclusive right of railway construc- 
tion, not only in the great province of Man- 
churia, but north of the Great Wall of China, 
embracing a large slice of the province of 
Chihli, the whole of Mongolia, and the province 
of Sin-Kiany or Eastern Turkestan, whilst we 
are supposed to have had conceded to us a 
similar right in the Yangtsze Basin, ‘This 
agreement in any case would have proved 
ineffective owiny to the omission to set forth 
the respective rights and interests of the two 
Powers in that enormous tract of China south 
of the great wall, and north of the watershed 
of the Yangtsze River—the scene of the recent 
military operations. 


ANGLO-GERMAN UNDERSTANDING. 


The Anglo-German understanding to which 
I refer, was the arrangement made by German 
and British syndicates, defining the respective 
spheres of interest of the two countries in 
regard to railway construction, the German 
syndicate undertaking not to compete in the 
English sphere, which was to be the Yangtsze 


Valley and certain connecting lines; and the 


English agreeing not to interfere in the German 
sphere, described as the province of Shangtung, 
with the Hoangho Valley and certain connect- 
ing lines. The British and German Govern- 
ments approved of the arrangements made. 


ANGLO-GERMAN AGREEMENT. 

Then later still came the Anglo-German 
agreement, which appears to nullify the 
previous agreements. Its object is stated to 
be a desire on the part of Great Britain and 
Germany to maintain their interests in China 
and their rights under existing treaties. If 
the Anglo-German agreement conferred equal 
rights and privileges upon both the contracting 
parties, then I should say it was a step in the 
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right direction, but when we come to examine 
that agreement, and try to gain some knowledge 
of what is meant by the maintaining of their 
rights and their interests in existing treaties, 
when we come to interpret that by the language 
used by Count von Bilow in the German 
Reichstag, we find that it does not confer 
equal rights and privileges. Count von Bülow 
said, ‘‘It is our desire, and it is our intention 
to stick to the basis of the Treaty of 6th March, 
1898, and not to go beyond this Treaty.” That 
is a secret treaty between Germany and China, 
and has reference to the great Province of 
Shantung, with its 30,000,000 of population. 
The full details have not yet transpired, but 
we do know that that agreement secures for 
Germany exclusive preferential rights in the 
matter of railway construction and commercial 
enterprises. When this Anglo-German agree- 
ment was announced to the world the two 
Governments sought the adhesion and concur- 
rence of the great Powers interested in China 
„to the principles laid down in it. 

Russia gave a qualified assent, and the 
final result appears to be that whilst this 
agreement confirms on our part preferential 
rights to Russia, north of the Great Wall, as 
provided for in the Anglo-Russian agreement, 
and the preferential rights of Germany con- 


ferred by her treaty with China of 6th March, 


1898, in regard to Shantung; we, on the other 
hand, surrender all claim to similar preferential 
rights in the Yangtsze Valley which were con- 
ferred upon us by the Anglo-Russian agree- 
ment, and by the understanding between the 
British and German syndicates with the ap- 
proval of the British and German Govern- 
ments. Therefore, it is difficult to come to any 
other conclusion than that we have given away 
everything and obtained nothing, and at the 


same time have destroyed our prestige and. 


influence with the Chinese Government by 
entering into such agreements as these behind 
its back. 


AGREEMENTS EXTORTED FROM CHINA. 


When we remember that by the nature of 
the agreements which the Chinese Govern- 
ment were forced to conclude by Germany and 
Russia these countries were practically 
enabled to enter into military occupation of 
large portions of Chinese territory, it will be 
seen that the acquiescence and encouragement 
given by us created a strong fear in the 
Chinese mind that we, aswell as other Powers, 
were aSsuming a right to appropriate and deal 
with China in a way that was subversive of all 


rights of sovereignty on the part of the Chinese 
people or Government. 


ENGLAND’S FAILURE TO SUPPORT CHINA. 

During my recent journeyings in China I 
had interviews with most of the leading 
Chinese statesmen, who spoke bitterly of their 
great disappointment that England, whom 
they had always regarded as their best friend, 
had not stood by them and enabled them to 
resist aggression. It has since been made 
clear that the Chinese, though apparently 
yielding to every demand made upon them 
which was backed by force, were at the same 
time quietly, but vigorously, engaged in pre- 
paring for a single-handed effort to expel the 
intruders. 


POLICY FOR THE SOLUTION OF THE 
PRESENT CRISIS. 


What then ought to be the policy to be 
pursued for the solution of the present crisis > 
America admirably defines her policy as 
follows :—‘‘To seek a solution which may 
bring permanent safety and peace to China; 
to preserve Chinese territorial and administra- 
tive entity ; to protect all rights guaranteed to 
friendly Powers by treaty and international 
law; and to safeguard for the world the prin- 
ciple of equal and impartial trade in all parts 
of the Empire.” 

In the Anglo-German agreement the joint 
policy of England and Germany is set forth in 
these words :—‘‘It is a matter of joint and 
permanent international interest that the ports 
on the rivers and littoral of China should 
remain free and open to trade, and to every 
other legitimate form of economic activity for 
the nationals of all countries without distinc- 
tion; and the two Governments agree on their 
part to uphold the same for all Chinese territory 
as far as they can exercise influence.’’ 

‘‘The Imperial German Government and 
her Britannic Majesty’s Government will not, 
on their part, make use of the present compli- 
cation to obtain for themselves any territorial 
advantages in Chinese dominions, and will 
direct their policy towards maintaining un- 
diminished, the territorial condition of the 
Chinese Empire.’’ 

The United States of America, Japan, Austria 
and Italy, have unreservedly given their adhe- 
sion to the principles contained in the Anglo- 
German agreement, viz., ‘‘the maintenance 
of the territorial integrity of China, and the 
open door for trade throughout the whole of the 
Empire.” 
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It is also understood that France concurs. 

Russia gave her assent at the end of October, 
with certain reservations, but reasserted that 
she was the first to lay down the maintenance 
of the integrity of the Chinese Empire as a 
fundamental principle of her policy in China. 

In a letter just received from Pekin it is 
pointed out to me how much the conduct of 
‘ Megociations is impeded by the fact of ten 
diplomatists representing ten Governments 
who are tempted by the possession of a tele- 
graph wire to direct everything from home. 
What is agreed to or proposed in Pekin to-day 
is known all over the world to-morrow—that 
means great prolongation of the whole affair. 


BETTER GOVERNMENT. 


The first duty of the Powers, now that 
hostilities have practically ceased, is to direct 
their attention to setting up a more enlightened 
and stable Government in China, commencing 
with the compulsory retirement of the Dowager 
Empress and the restoration of the young 
Emperor to practical power. The Reformers 
are a not -inconsiderable body, and if they 
could have guaranteed to them the fullest 
protection in case they came forward and 
assisted in reforming the administration of the 
Chinese Government, a real foundation for the 
peaceful development and prosperity of the 
Chinese empire might be laid. 

As examples, I may mention the Yangtsze 
Viceroys, Lui-Kun-Yi, Viceroy of Nankin, who 
rules over 66,000,000 of people, and Chang- 
Chih-Tung, the Viceroy of the provinces of 
Hunan and Hupeh, containing 52,000,000 of 
population. 

These two Chinamen are patriotic, en- 
lightened, and honest, and but for their power- 
ful influence the recent rising in China would 
probably have taken place over a much larger 
area. These statesmen, and also Prince 
Ching, should certainly occupy prominent 
positions in the future Government of China. 


REFORM IN CHINA. 


During the present century two great move- 
ments towards reform have been witnessed in 
China—the Tai-Ping Rebellion in the Fifties, 
and the reform movement of 1897-8. The former 
would probably have been successful but for 
the intervention of ‘‘ Chinese’’ Gordon, and 
had the latter received the encouragement and 
support of the British Government, and ofall the 
other civilised Powers, the recent crisis would 
probably have been entirely averted. 


PROVINCIAL GOVERNMENTS. 

China is not by any means in a state of 
anarchy, for a remarkable feature of the 
present situation is that though the central 
Government is practically defunct, the adminis- 
tration and government of China has gone on 
much as usual under the provincial Govern- 
ments, such as exist in the Yangtzse Valley 
and Southern China. 

In arriving at a settlement based on the 
joint note of the Powers it is essential that it 
should include :— 

(1). A Rearrangement of Commercial 
Treatzes.—It would appear to be absolutely 
necessary that the commercial treaties between 
Foreign Powers and China shall be revised. 
The present tariff has become inconsistent 
with the original basis of duty agreed upon, 
viz., 5 per cent. In some cases the charge 
is greater than 5 per cent., and on many im- 
ports into China the charge is much less than 
5 per cent., the average being substantially 
under that figure. On this ground, and in 
order to give to the Chinese Government in- 
creased revenues which are essential if China 
is to be properly governed and opened up to 
trade, the Powers might well agree to even a 
10 per cent. ad valorem import duty which 
should, however, cover not only the import 
duty now collected by the Chinese Maritime 
Customs, but also all demands in the 
shape of /e&z7 which are now made. With 
regard to lekin, it was arranged that an 
additional payment of 24 per cent. secured for 
goods a free-transit pass to any place in China, 
and that they were freed from the imposition of 
further lekin, either ez route or at the place to 
which they were consigned. This provision 
has, however, been ignored, and a great hin- 
drance to trade in the interior of China at 
present is the fact that in many cases lekin is 
levied several times over before the goods reach 
their destination. It is also levied at varying 
rates by local officials, undue preference being 
given to those who know how to make it worth 
the while of the officials to let their goods off 
lightly. Now under the new treaties, the pay- 
ment of one import duty at the port at which 
the goods enter China must free them from any 
further charge, either in the shape of duty or 
lekin, no matter how far into the interior of the 
country they are sent. 

(2). Rearrangement of Provincial Reve- 
nues.—Lekin is a complicated and difficult 
question, and its abolition involves a revolu- 
tion in the provincial revenue system of China. 
The extent to which the administration of the 
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Government of China is carried on provincially, 
and the fact that the cost of military and naval 
forces are also defrayed provincially, make it 
necessary that out of the increased revenue 
which would be derived from augmented im- 
port duties, a certain proportion should be 
handed over to the provincial exchequers, to 
make good the loss of revenue that they would 
sustain through the abolition of lekin. 

(3). Adequate Payment of Chinese Officials. 
—It is also essential, if Chinese officials are to 
be left with no excuse for appropriating reve- 
nues passing through their hands, that pro- 
vision should be made for the payment to 
them of adequate salaries. 

(4). Establishment of International Con- 
servancy Boards.—Thetre is a system of levying 
tonnage charges, which are supposed to be 
applied in carrying out works necessary to 
facilitate navigation on the coast and on the 
great inland waterways of China, but compara- 
tively little is being done in this direction. 
Out of the largely increased revenues 
which the Chinese Government would get 
under revised commercial treaties, it should 
also be provided that a certain sum shall be 
allocated to be expended, under International 
Conservancy Boards, in the deepening of the 
Tak-Ku and Wu-Sung Bars, in removal of ob- 
structions to navigation, and in works of 
improvement on the Yangtsze and West Rivers, 
and other inland waterways which are or can 
be made great commercial arteries of the 
Chinese Empire. 

(5). Revenue for Chinese Imperial Ex- 
cheqguer.—The balance of customs revenue, 
after providing what is necessary to carry out 
the foregoing stipulations, would, of course, be 
paid over into the Chinese Imperial Exchequer 
by the Chinese Maritime Customs, which should, 
under the new treaties, collect the whole 
revenues of the Empire derivable from foreign 
trade. 

(6). Jater-Chinese Trade.—The question of 
the fiscal arrangements, under which the 
enormous internal trade of China, apart alto- 
gether from foreign trade, should be carried on, 


is a most complicated and difficult problem, 


which must, of course, be dealt with by the 
Chinese themselves, and the dealing with it on 
just and equitable lines, depends upon the 
setting up of an enlightened and progressive 
- Government in China. 


(7). Complete Opening of Inland Water-- 


ways to Irade.—The settlement about to be 
made in China would appear to afford an 
opportunity of having the original agreement, 
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which provided that the inland waterways 
should be open to trade, so that British ships 
should take British goods to every riverside 
town and station in China, fully and com- 
pletely carried into effect. The simplest plan 
would perhaps be to disregard treaty ports and 
to make.every riverside town and station, as 
well as every town and station on the sea 
coast and the interior of China, equally open 
to trade. 

(8). Razdwayvs.—In order to remove objec- 
tions on the part of the Chinese people to 
the opening-up of China by the laying down 
of railways with foreign capital, a definite 
undertaking should be given by the Powers 
that, whilst these railways shall be mortgaged 
to and remain under the control of those pro- 
viding the money until principal and interest 
are repaid, it shall be open to the Chinese 
Government to take over on specified terms 
and conditions, any or all of the railways’ 
whenever they desire to do so. 

‘We have been told that railway concessions 
to the extent of 2,800 miles have been obtained 
in China by British subjects. It is, however, 
a significant fact that not a single British con- 
cession has yet been finally ratified by the 
Chinese Government, or the work of construction 
begun, whilst the Russians, Germans, French, 
and Belgians are even at this moment busily 
engaged in laying down railways, employing 
materials and rolling stock drawn from their 
respective countries only, to the exclusion of 
the British producer. On these railways 
differential railway rates may be imposed on 
British goods, and the neglect of British com- 
mercial men to take an adequate part in 
supplying China with a system of railways 
may prove a serious hindrance to the uphold- 
ing and extending of British trade. ya 


BRITISH GOVERNMENT’S POLICY. ` 


. The Under Secretary of State for Foreign 
Affairs expressed last night the approval in 
the main of these suggestions on the part of 
His Majesty’s Government, and stated their 
intention to seek to give practical effect to 
them in connection with the settlement of the 
China crisis. 7 


FURTHER REFORMS. 

In addition to the questions I have already 
referred to, Dr. Morrison, the Times corres- 
pondent at Pekin, points out that China may 
check the waste in her expenditure— 

(a) by disbanding her worthless and expen- 
sive Manchu garrisons ; 
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(6) by extinguishing the Manchu pension 
list, which in itself is estimated to amount to 
16 million taels per annum ; 

(c) by abolishing the contribution in kind 
of tribute rice, a custom which has survived 
through centuries and is the most wasteful 
way possible of collecting tribute ; 

(d) by checking under some form of foreign 
administration the leakage in revenue collec- 
tion ; 

(e) by abolishing the restrictive regulations 
for the prevention of the building of railways, 
the sinking of mines, and all forms of com- 
mercial enterprise in the interior. 

She must remove the restriction upon the 
export of grain and the inter-port traffic in 
grain, which would be to the immense advan- 
tage of the revenue, of the condition of her 
agricultural 
Further, she must abolish the prohibition 
against the import of salt, thus permitting the 
use of salt in her manufactures, and not, as at 
present, restrict its use to domestic consump- 
tion. She will thereby be compelled to permit 
the collection of a revenue estimated to produce, 
at a reasonable import duty, £1,500,000 per 
annum. She must effectively revise the con- 
vention regarding trade with Tibet, and settle 
once for all various local questions which 
hamper trade, injure commerce, and interfere 
avith the administration of justice. In view of 
the fact that all the revenues of the country 
will be hypothecated to foreign bondholders, 
she will be compelled to issue a Budget. 
These conditions, Dr. Morrison adds, are all 
practicable. 


MASSACRES, OUTRAGES, AND LOOTING. 


The prospect of a satisfactory solution of the 
Chinese criss has been somewhat improved 
by the disposition manifested by the Powers to 
withdraw to some extent the demand for 
the decapitation of certain Chinese princes, 
generals, and high officials. Having regard 
to the terrible massacres and outrages un- 
doubtedly perpetrated on the Chinese by 
Russian troops in Manchuria, and also to a 
considerable extent by some of the Allied 
Forces during their advance on Pekin, and after 
their practically unopposed entry into that city, 
it was made clear that if such crimes and 
outrages were to receive just punishment that 
its application ought to be extended so as to 
include not only the Chinese, but also those 
who were responsible for very similar conduct 
in connection with several of the Allied Forces 
now operating in China. 
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If a tenth part of what Dr. Dillon has written 
from personal observation on the spot of the 
massacres, outrages, and looting perpetrated 
by the representatives of so-called Western 
civilisation and Christianity is true, then, as he 
says, the conduct of many of the Allied Forces 
recently is sowing the wind, and the harvest 
will surely be the whirlwind, but that belongs 
to ‘‘the music of the future.’’ 

The refusal to treat China as a civilised state, 
because of her gross breach of the principle of 
the inviolability of foreign ambassadors in the 
attack on the Legations, is natural, but is 
nevertheless a political blunder. China is not 
only a civilised community, but had reached 
this state of development long before there was 
any civilised state in Europe. She has always 
abstained from aggression against other 
Powers, and rarely given any just cause of 
complaint. Her only desire is to be left, as 
she leaves others, in peace. 

In qualities of industry, commercial honour 


and integrity, and self-sacrifice, for the benefit 


of parents or friends, the Chinese stand high, 
and a better ordered or more easily governed 
people are not to be found in the world. In 
courtesy, good breeding, and tact, they have 
no equals. 

Reasonable and sympathethic treatment 
would win friends in the present and sow 
the seeds of good relations in the future. 

In proof of the commercial ability of China- 
men, we have only to recall the fact that the 
business of the British merchant in China is, 
as a rule, largely, if not entirely, transacted by 
his Chinese compradore. 


DEMANDS IN JOINT NOTE. 


Indemnity.—Amongst the various demands 
made upon China in the Joint Note recently 
presented, we find that it is stipulated that an 
equitable indemnity is to be paid to States, 
societies, and individuals. It would, however, 


I venture to submit, be unwise to place the 


amount of indemnities insisted upon at too 
high a figure. : 

We are told by Sir Robert Hart that the 
Japanese indemnities already constitute a 
galling load, and that though China may be 
able to stand the financial strain of paying a 
moderate amount, yet he is of opinion, that as 
it would be the industry of the people which 
would be taxed, the placing upon them of a 
lighter burden would conduce to commercial 
prosperity in the future, and would be better 
than an intolerable fine and ready money at 
the present moment. I would suggest that 
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the commercial interests of the British Empire 
would be best served by seeking reparation, 
rather in increased facilities for trade than by 
a money indemnity. 

It was satisfactory to learn from the Under 
Secretary that His Majesty’s Government 
believe that ‘‘it would be a very indifferent 
compensation for our injuries, if we added to 
those injuries the further great injury of so 
crippling Chinese finance as to damage our own 
trade.”’ 

The Government occupy that point of view 
just as much as the hon. gentleman does, and 
in consideration of the amount of indemnity 


which we shall claim against China, that. 


matter will be carefully borne in mind. The 
indemnities, in our opinion, are relatively un- 
important, compared to our trade interests. 


ARMAMENTS. 


Condition 5 of the Joint Note states the im- 
portation of arms or material and their manu- 
facture are to be prohibited. The proposal to 
thus strip China of her defensive resources and 
leave her at the mercy of every aggressor— 
notably Russia, who by the enforcement of 
this policy in Manchuria is placing herself in 
military ovcupation of that country and in a 
position to advance southwards whenever she 
may think that time opportune—is a stipula- 
tion which, if insisted upon, will create a 
danger threatening Chinese integrity worse 
than ever. 


SHAN-HAI-KWAN RAILWAY. 

The British Government has repeatedly 
stated that the just rights and interests of 
British subjects would be resolutely upheld in 
China under all circumstances. 

An agreement was made between a British 
Syndicate and the Chinese Government for the 
construction of a railway with British capital 
from Yangtsun, vza Shan-hai-Kwan, to Niu- 
Chwang and Sin-Ming-Ting,—this line and 
the line from Tang-ku to Pekin to remain 
under the control and to be mortgaged to those 
advancing the money until principal and 
interest were repaid. This contract, the British 
Government allowed to be unjustifiably upset 
by the interference of Russia, and it was 
finally concluded restricting the mortgage to 
that portion of the line south of the Great 
Wall—it being stipulated also that the net 
earnings of the line north of the Great Wall 
should also be received by the British Syndi- 
cate. 

This arrangement had the concurrence of 


Russia, but in spite of this, during the recent 
hostilities the Russians took possession of the 
Yang-tsun - Shan-hai-Kwan - Niu-Chwang 
railway. The British manager and his officials 
were pushed to one side, and the railway was 
for some time under the exclusive control of 
the Russians. In case of military exigency 
some arrangement of this kind might possibly 
be temporarily necessary, but what is difficult 
to understand is the information that tke 
Russians actually painted engines bought by 
British capital in Russian colours, and altered 
the name of the railway stations and signzl 
cabins into the Russian language, and any 
person traveliing over the railway would natu- 
raily regard it as a Russian line. It is also 
reported that they have systematically pillaged 
the workshops, completely emptying the Shan- 
hai-Kwan shops, transferring everything port- 
able (even a steam crane), as well as hundreds 
of tons of railway material from the Niu- 
Chwang to the Russian Manchurian line. 

Now we are told that Russia has handed 
over that portion of the line from Yang tsun 
to Shan-hai-Kwan to the Germans only on the 
following conditions :— 

(1). That Russia shall retain two-fifths of 
the rolling-stock of the entire railway for the 
section from Shan-hai-Kwan to Niu-Chwang, 


‘outside the Great Wall, which is still under 


Russian control. 

(2). That Russia shall hold a lien on the 
railway within the Wall for the expenses in- 
curred in repairs—although done with railway 
property-—and in transport operations during 
the Russian occupation. 

(3). That Russia shall appropriate the im- 
portant workshops at Shan-hai-Kwan. 

Russia has apparently the intention of re- 
taining in her own hands that portion of the 
line from Shan-hai-Kwan to Niu-Chwang, the 


‘net earnings from which the Chinese Govern- 


ment also allocated as security for the British 
bondholders. 
Indeed it is now reported that Russia has 


‘offered to purchase this portion of the Northern 


Chinese Railways, though well aware that the 
Tsung-li-Yamén gave a written undertaking to 
Sir Claude McDonald in 1898, never to alienate 
or part with the Shan-hai-Kwan, Niu-Chwang 
or Sin-Ming-Ting railways to any other power. 

None can question that the British Govern- 
‘ment is bound to see that its subjects are not 
robbed of their property. They may have 
taken all reasonable steps to uphold their 
rights and interests, but until last night we 
were without definite information on the subject. 
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In reply to my inquiries, the Under-Secretary 
of State for Foreign Affairs stated that the 
line from Pekin to Shan-hai-Kwan had already 
been handed over by the Russian Government 
to the German Government, who is about to 
hand it over to us. He-added, ‘‘as to the 
tailway north of the Great Wall, we under- 
stand that the occupation is merely of a 
temporary character. While assenting for the 
moment, on military grounds, to the present 
occupation, we have reserved our full political 
and financial rights.” The Under-Secretary 
also said that the Russian Government promised 
to restore the railway material they had appro- 
priated, and have restored it. 


NIU-CHWANG. 

Niu-Chwang is the only Treaty Port in the 
great province of Manchuria, and here, too, 
we have allowed the treaty rights of British 
subjects to be seriously invaded. 

From letters which I have received from 
several of the best informed men in Niu- 
Chwang, it appears that the Russian military 
authorities made a most unprovoked attack 
upon a stockade and afterwards upon the 
Chinese City of Niu-Chwang, without the 
knowledge of the treaty Consuls, who subse- 
quently drew up a strong protest against this 
action. But for the intervention and protest 
of the foreign residents in Niu-Chwang, it 
seems certain that the inhabitants of that city 
would have been massacred by the Russian 
soldiers. 

The following proclamation, assuming the 
civil and military administration of Niu-Chwang 
was issued by the Russian Vice-Admiral, Alex- 
ieff, on the oth of August, 1900 :— 

«I have the honour to inform you hereby that 
Mr. Ostroveskhow has been intrusted with the 
temporary civil administration of the city, with the 
title of Civil Administrator, this appointment to be 
submitted to Imperial sanction. Mr. Ostroveskhow 
has received from me the necessary directions for this 
purpose as well as written regulations. 

‘Captain Clapier de Colongue is appointed Com- 
mandant of Niu-Chwang. He will command the 
garrison, and have charge of the land and river defence 
of the city. The details of this organisation are 
exposed in special regulations for the provisional 
administration, and Mr. Ostroveskhow will not fail to 
communicate them to you in due time.” 

This was also done without any previous 
consultation whatever with the Consuls of the 
other Powers enjoying equal rights with the 
Russians in the treaty port of Niu-Chwang. 

You will notice that the appointment of the 
Russian Civil Commissioner was made subject 
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to the sanction of the Russian Government and 
not subject to the consent of the Consuls of the 
other Powers. 

It will be seen that the necessary regulations 
for the Civil Commissioner were to be framed 
by the Russian admiral on his own initiative 
entirely. The proclamation announced the 
appointment of a Russian military commandant 
to take charge of the city, and that the details 


of this organisation were exposed in special 


regulations which had been drawn up by the 
Russian admiral without any consultation with 
the other Consuls. 

The British Consul at Niu-Chwang has been 
completely ignored by the Russians, and this 
important treaty port, with which the British 
Empire does a trade of not less than £3,000,000 
sterling, has passed not only under the civil 
administration, but also entirely under the 
military control of Russia alone, though her 
existing interest in the trade of Niu-Chwang 
does not exceed one per cent. ` 

The merchants of Niu-Chwang repeatedly 
telegraphed to the admiral on the station to 
send a British gunboat to Niu-Chwang to up- 
hold their just rights and interests. A gunboat 
was eventually sent, but it remained in Niu- 
Chwang only two days, and when it left, the 
power of the Consul to uphold British rights 
and interests naturally suffered. 

The Under-Secretary for Foreign Affairs. 
said last night :— 

«In respect to Niu-Chwang, we have received 
assurances at least equal to those which have been 
given us in respect to the province of South 
Manchuria. We understand the Russians are pre- 
prepared to restore Niu-Chwang, at the end of their 
occupation, precisely to its former condition.” 


We must therefore look to His Majesty’s 
Government to have this understanding fully 


observed at an early date. 


BRITISH POLITICAL AND COMMERCIAL 
RIGHTS AND INTERESTS IN CHINA. 


A disquieting feature in connection with the 
events of the last few years, and especially 
during the present crisis has been our failure 
to adequately uphold and safeguard British 
commercial and political interests—of this the 
Shan-hai-Kwan Railway and Niu-Chwang 
incidents are the most recent examples. 

British diplomacy has sustained a succession 
of humiliating rebuffs and made repeated sur- 
renders to an extent unparalleled in the history 
of the country before. Even when every 


allowance is made for the extent to which our 


hands have been tied during the last twelve 
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months by the locking up of 200,000 British 
troops in South Africa, it is still most unsatis- 
factory to find that our Foreign Minister appears 
to have effaced himself in the consultations 
and negotiations which have resulted in the 
adoption of what are known as the ‘‘ bases of 
negotiations,” whilst on the other hand Ger- 
many has succeeded in extorting from us 
concessions like the recent Anglo-German 
agreement, which as business people we had 
no business to make. 

To place Great Britain in a position to exer- 
cise the powerful influence which her vast 
commercial interests demand in connection 
with the settlement which I have ventured to 
suggest, she ought to have taken a full share 
in the task of restoring order, instead of 
taking, as she has done, the position of third 
or fourth rate Power-—a position which will 
have done much to lower our prestige and 
influence in the eyes of our Indian native 
troops who have been representing us in the 
recent campaign. 

Assuming that it would have been difficult 
to further augment our military forces in the 
Far East, some explanation is needed as to 
how it comes that Great Britain, which claims 
by her naval strength to have control of the 
seas, should for so long have been only third 
on the China station instead of first in point of 
power. 


RUSSIA’S MILITARY FORCES IN THE FAR 
EAST. 

We gather that the military forces of Russia 
in Manchuria and the north of China will very 
shortly exceed 200,000 men, and it naturally 
occurs to one to ask what is causing the 
assembling of so enormous an army, and what 
may be the object and purpose which Russia 
has in view ? 

The admission of their claim to have the 
Elliott and Blonde islands regarded as Russian 
territory, though they lie go miles from Port 
Arthur, would naturally establish a similar 
claim to the Kiao-tao group, which lie much 
nearer and extend completely across the Gulf 
of Pe-chi-li. The possession of this group 
would give Russia absolute control of the 
navigation of the gulf. 

Perhaps in putting forward pretensions of 
this nature Russia deems it an assistance to 
have vast military and naval forces in the Far 
East. 


RUSSIAN POLICY. 
So late as 25th August last, Russia reminded 
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us that she had proposed certain principles for 
the guidance of those nations taking part in 
the work of restoring order in China, and that 
prominent amongst them were :— 

The maintenance of the former state organism 
in China ; 

The removal of all that could lead to a parti- 
tion of the Chinese Empire, and 

The re-establishment of a Government able, 
“unassisted, to preserve order and tranquillity’ 
in the country. 

She protested that she had occupied Niu- 
Chwang and marched her troops into Man- 
churian territories, solely by reason of the 
rebel attack made upon her troops. These 
she declared, were merely temporary measures, 
that were in no sense to be regarded as indi- 
cating independent plans—which she affirmed 
“were completely foreign to the policy of the 
Imperial Government.” 

She fully recognised that ‘‘ the interests of 
other Foreign Powers and of International 
Companies at the port of Niu-Chwang occupied 
by Russia and open to international trade, as 
also on the railway lines which had been 
restored by her troops, remained inviolate,’’ 
and she pledged herself to recall these troops 
from the territories of the neighbouring Empire 
when lasting order had been restored in Man- 
churia—provided the action of the other 
Powers did not impose upon her a different 
course. 

Later still, in her comments on the Anglo- 
German agreement at the end of October last, 
she re-affirmed those principles in the most 
emphatic terms. 

These statements of policy, however, are 
difficult to reconcile with the following, which 
is the text of the Russo-Chinese Agreement 
regarding the Feng-tien province of Man- 
churia :— 

‘‘ His Majesty the Emperor of Russia, desiring for 
ever to preserve unimpaired the friendly relations 
between Russia and China, has consented to allow 
the Chinese Tartar general and the officials under him 
to return to their various posts in the Feng-tien 
province, which has been occupied by the Russian 
troops, there to resume their former admirable 
government. Accordingly, the Emperor has appointed 
Admiral Alexeieff, Governor of the territories leased 
to Russia in the Leao-tong peninsula, and commander- 
in-chief of the land forces and the Pacific Squadron, 
to be his plenipotentiary to hold conferences with 
the Tartar general of Feng-tien, with a view to 
effecting a speedy settlement. Tseng, the Tartar 
general of Feng-tien, has appointed as his pleni- 
potentiaries Chou-mien, the Taotai, Jui-an, and 
Chiang Wen-hsi. Admiral Alexeieff has appointed 
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M. Korostovitch, the resident at Port Arthur, for the 
control of all matters affecting the two countries, as 
his representative to confer with the representatives 
of China, who, having met together, have drawn up 
and affixed their signatures to the following agree- 
ment in nine clauses :— 

1. Upon the return of the Tartar general Tseng to 
his post, he must undertake to protect the province 
and to take steps to pacify it, and must further see 
that no resistance be offered to the construction of 
the railway. 

2. Russia having occupied posts in Mukden and 
other places, with a view to protecting the railroad 
and pacifying the province, the Tartar general and 
the local officials must treat the Russians kindly and 
render them every possible assistance—e.g., in provid- 
ing them with lodging or provisions. 

3. Throughout the province of Feng-tien rebellions 
have occurred on the part of the Chinese soldiery, and 
the railway has been destroyed. It is therefore the 
duty of the Tartar general to disband his various 
troops and to dispossess them of their arms. Those 
who accept these conditions will be exempt from 
investigation respecting their former errors. Munitions 
of war in arsenals not occupied by the Russians must 
likewise be delivered over in their entirety to the 
Russian military officials. 

4. Places in Feng-tien which have not been occu- 
pied by Russia, where forts and defences were 
erected, must be inspected by Russian and Chinese 
officials in conjunction, and in their presence dis- 
mantled. Magazines for the storage of gunpowder 
when not required by the Russians must be dealt 
with in the same manner. 

5. Niu-Chwang and other places are being adminis- 
tered by Russian officials pending the time when the 
Russian Government shall be completely satisfied as 
to the pacification of the country, upon which it shall 
be permitted to the Chinese officials to resume their 
functions in those places. 

6. The various cities and market towns throughout 
the Feng-tien province must carry out the instructions 
of the Tartar general of Feng-tien respecting the 
maintenance of bodies of cavalry or infantry for 
police purposes and the protection of merchants. 
The villages of the province are likewise entirely 
under the orders of the Tartar general. It will be 
for his discretion to determine how many men are to 
be despatched and the nature of their equipment, and 
to act accordingly. 

=. It is expedient that a Russian resident, with 
general powers of control, should be stationed at 
Mukden for the settlement of all questions affecting 
the two countries arising between the Tartar general 
on the one hand, and the Russian cammander-in- 
chief in the Leao-tong peninsula on the other. The 
Tartar general must give the Russian resident at 
Mukden full information respecting any important 
measures he may take. 

8. Should the police maintained by the Tartar 
general at Mukden and elsewhere be insufficient for 


some particular emergency, the Tartar general will 
immediately communicate with the Russian resident 
at Mukden, no matter whether the place concerned 
be on the coast or in the interior of the province, and 
invite Russia to dispatch reinforcements to his 
assistance. 

g. Should any dispute arise in connection with the 
interpretation of any of the above eight clauses, the 
Russian text is to be adopted as the standard. 

The above temporary agreement shall be put into 
operation immediately after the return of Tseng, the 
Tartar general, to Mukden, but should the Tartar 
general in conjunction with the Russian Commander- 
in-Chief in the Leao-tong peninsula subsequently agree 
upon any additions or alterations that could conduce 
to the advantage of both nations, it will be open to 
them to put such additions or alterations into opera- 
tion, if found feasible. 

Dated Port Arthur, November 11, 1900.” 

The following notes on the foregoing announce- 
ment will be found useful :— 

(a) The Tartar general at Mukden holds the highest 
position of any official in Manchuria, for he has civil 
functions as well as military power. 

(b) Feng-tien, which is the most southerly, is the 
most important province of the three that form 
Manchuria, and is the only province in which there 
exists Chinese civil administration. As yet the two 
other provinces have a purely military government. 
This explains partly why this agreement is apparently 
restricted in its scope to a portion only, though the 
most important, of Manchuria. 

(c) The term applied to the Russian resident, or 
agent with general powers of control, is Tsung Kuan. 
The functions with which he is entrusted are the 
same practically as those pertaining to the Russian 
resident in Bokhara, or the British resident in some 
native States in India. 

(d) By Article 4 of the Port Arthur agreement the 
post now held by Admiral Alexeieff shall never be 
designated by the Chinese characters for Governor- 
General, Tsung Tu, or Governor, Hsun. In the 
foregoing agreement the Russian commander. in-chief 
in the Leao-tong peninsula is described as controller- 
general. 

In rendering a copy of the foregoing agreement to 
Li Hung Chang the signatory Chou-mien states that 
grief pierces his very soul, but what alternative has 
he? He adds that the sixth clause, which permits 
the employment of firearms under certain conditions, 
was only obtained after repeated discussions. Now 
that the rebels have overrun the country the people 
have no resources left. If the villagers are forbidden 
to carry arms the life of every person in the province 
is in danger. 


This agreement means in substance the 
assumption by Russia of a protectorate over a 
great and rich province of China ‘‘ whose 
integrity she desires to maintain as a funda- 
mental] principle of her policy.” The arrange- 
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ment is such as will give her complete military 
dominion over it, and no doubt she will seek 
to extend the application of the system to 
the two remaining provinces of Manchuria. 

A more complete abdication of the main 
prerogative of territorial sovereignty by one 
State to another could hardly be devised, and 
the situation contemplated by the Anglo- 
German agreement seems definitely now to 
confront us if the territorial integrity of China, 
and the open door for trade, are to be main- 
tained. 

The negotiations which recently took place 
in Livadia, between the Chinese Ambassador 
and Count Lamsdorff, still remain a secret, to 
which the other powers are not privy. A special 
telegram from Yalta, announced that the repre- 
sentative from China had been received with 
more than the usual courtesy. Such a sign of 
goodwill to the representative of a Power which, 
an the most unheard of manner possible, had 
trampled on the most sacred traditions of 
the inviolability of foreign ambassadors, and 
whose Government had made no serious effort 
to punish, at least, the guiltiest offenders, 
appears to indicate an attempt on the part of 
Russia to make friends with the Chinese, at 
the expense of the whole civilised world. 

These independent arrangements between 
Russia and China, appear to constitute a 
practical withdrawal of Russia from the con- 
cert of the Powers, and may largely prevent a 
speedy and satisfactory settlement of the China 
question. 

The Under-Secretary of State for Foreign 
Affairs, however, said last night :— 

“I tum for a moment to speak of Manchuria. 
. Rumours have reached us of proceedings of the 
Russians with respect to Manchuria. We made 
proper inquiry from our representative, and he assured 
ws that any agreement which exists between Jussia 
and China in respect to Manchuria is in the nature of 
a modus vivendi, consisting merely in the simultaneous 
presence of the Russian and Chinese forces in Man- 


churia, and in order to prevent disturbances on their . 


frontier. He assured us that the occupation is of a 
purely temporary character, and that, although a 
guarantee is expected by the Russian Government, 
that upon their withdrawal the disturbances shall not 
break out again, yet that guarantee will not take the 
form of an acquisition of territory or of a virtual or 
actual protectorate in Manchuria.” 

Time will show how far this assurance is 
given effect to. 


BRITISH INTERESTS. 


To realise how important it is to Great 
Britain that the present situation should be 
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dealt with on lines that wiil promote the 
peaceful development and prosperity of China, 
we have only to recall the statement made by 
the Government in the House of Commons 
recently that out of a total Chinese foreign 
trade of 7o millions sterling annually the 
British Empire has no less than 43 millions, 
f.e-, our trade is greater than that of all the 
other nations of the earth put together. The 
possibilities of expansion of trade are practic- 
ally unlimited. To illustrate this I may point 
out that if the foreign trade of China be in- 
creased in the next 30 years to the same extent 
as the foreign trade of Japan has been during 
the last 30 years, it would mean an increase of 
not less than 200 millions sterling annually to 
be divided amongst the nations of the earth. 

It is to be regretted that Her Mayjesty’s 
Government did not act on the suggestion of 
the China Association, and of several of the 
most important Chambers of Commerce and 
send at this juncture, a Special Mission to 
China headed by a diplomatist of the very first 
rank, in order that the commercial interests of 
the British Empire should have been no less 
carefully guarded than those of Russia and 
Germany. 


DISCUSSION. 


The CHAIRMAN said that whatever might be their 
opinions about the views expressed by Mr. Walton 
all present would agree that they had listened to a 
most interesting and comprehensive paper. Mr. 
Walton had estab ished his claim to be heard upon 
a question which was likely to occupy men’s minds 
for many years to come. His extended travels in 
China, his familiarity with the various aspects of the 
present situation, and his intimate conversations with 
almost every great man who had the ordering of the 
Government in China, justified the attention with 
which his remarks were listened to both in-ide and 
outside the House of Commons. Many things had 
been said by Mr. Walton with which he (the Chair- 
man) did not agree; but there was one thing with 
which he did agree, namely, that the great de‘ect of 
the policy of the diplomatic body in Pekin had been 
their total inability to foresee and to avert the super- 
session of the Emperor of China, and with it the 
deposition of the reform party. He did not, however 
think that any special blame attached to Sir Claude 
Macdonald, who, in his opinion, had been an ideal 
Minister. The broad fact was that the whole 
corps diplomatique in Pekin had been wheedled into 
a false sense of security, whilst all this mischief was 
brewing at their own doors. He was rather surprised 
that Mr. Walton regarded the Boxer rising with a 
certain amount of approval, and that he considered it 
a patriotic movement. Mr. Walton had said that the 
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seizures of territory in China by the different Powers 
had taken place without the consent of the Chinese 
Government ; but he would ask whether any of these 
settlements and Treaty ports had been taken with the 
cordial consent of the Chinese Government, except at 
the point of the bayonet. If Mr. Walton and Sir 
Robert Hart, who entertained similar views, were really 
consistent, they must hold that no European should 
possess an inch of territory in any part of China. 
He did not think, however, that Mr. Walton 
would be prepared to go to the extreme lengths 
which his argument inevitably involved. He 
agreed with what Mr. Walton had said respecting 
Port Arthur. He doubted if the reason for 
our ships steaming out of Port Arthur so inconti- 
nently had yet been revealed, but when it was, he 
thought it would be found that Lord Salisbury, 
taking all things into consideration, had acted with 
due regard to the best interests of our Empire. He 
had heard several explanations of Lord Salisbury’s 
action in that matter; but the most plausible 
version was that, seeing we did not mean to remain 
at Port Arthur, Lord Salisbury thought the best 
thing to do under the circumstances was to give it 
over to Russia with a good grace. It might also be that 
Lord Salisbury looked upon Russia as a civilizing 
agency, but in his (the Chairman’s) opinion it was not 
unlikely that the dominant idea at the back of the minds 
of those responsible for our foreign policy was that 
India should be kept free from the scheming intrigu- 
ings and manœuvres of the Russian agents—he would 
not call them agents provocateurs—in the bazaars of 
India. He thought Mr. Walton right in what he said 
about the Anglo-German agreement. With the excep- 
tion of Germany, every power, including even Russia, 
had recognised our claim to supremacy in the Yangtse 
Valley. Germany, through the mouth of her 
Ambassador, reserved the expression of her approval 
until such time as we were in immediate and effective 
occupation of the Yangtse Basin. But what con- 
stituted effective occupation? He should have 
thought that the boats patrolling up and down the 
Yangtse, looking after our interests, would have 
constituted an adequate occupation of that region, 
and he concurred with Mr. Walton in hoping that 
this litttle obscurity in our relations with Germany 
would be shortly removed. Mr. Walton had very 
ably dealt with the question of indemnity. To 
impose a crushing pecuniary indemnity on a nation 
whose whole visible assets were practically mort- 
gaged up to the hilt, and which was on the verge 
of insolvency, not knowing which way to tum in 
order to satisfy the most elementary administrative 
needs, would, he thought, be a distinctly unsatis- 
factory and undesirable policy. He hoped our 
Foreign Minister would rather look to obtaining in- 
creased facilities and commercial advantages for our 
own people than to imposing a heavy indemnity 
which it might take years and years to pay. As a 
merchant and banker he should like to see a little 
more energy infused into our foreign policy with 
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regard to China. On the other hand, as a politician, 
seeing that our hands at present were so full, some 
allowance ought, he thuught, to be made for the 
directors of our foreign policy, who were endeavouring 
to reconcile in the best possible manner the objects 
which we all desired. 


Sir WILLIAM Rosinson, G.C.M.G., said he was 
extremely pleased to have heard Mr. Walton's most 
instructive and exhaustive paper. A good deal had 
been heard of late years of the awakening of China; 
but not very much had been heard about the awaken- 
ing of the British public. He was glad to think that 
the Imperial Institute, the Royal Colonial Institute, 
the Society of Arts, as well as the China Association 
and other bodies, were at last endeavouring to arouse 
an intelligent interest in the question of the Far East 
and its bearing upon commercial interests in Europe. . 
He thought he was right in saying that Mr. Walton 
approved the motto which had been adopted by the 
China Association. ‘‘China for the Chinese, and 
Chinese trade for the whole world.” There was no 
doubt that a most intimate connection between the 
trade of China and Great Britain was necessary. 
Mr. Walton had stated that tbe value of the 
trade was £43,000,000 sterling per annum ; but it was 
well known that the potentialities of that enormous 
Empire were as yet unrealised and undefined. 
The Empire of China itself was 35 times the size 
of Great Britain and Ireland, whilst its population 
was 400,000,000 (the population of the largest 
province was no less than 68,000,000), and it was 
quite within reason, he thought, to entirely agree 
with the China Association, when it said that we must 
look to the vast territories of China, where one-third 
of the human race now lives under conditions of 
restricted development, for the most important 
extension and expansion of commerce. The China 
of to-day was, really lying fallow; its pos- - 
sibilities were unrealised, and its potential wealth 
was enormous. As Mr. Walton had said, the 
interests of China and of Great Britain demanded 
the territorial integrity of the Chinese Empire. What 
was wanted in China was a stable and honest 
Government which could make, and adhere to, the 
treaties it made. A complete and friendly under- 
standing with Russia as to the “open door” in 
Manchuria was also required ; and the kın duties, 
and all other internal duties, which gave rise to 
all sorts of peculation, ought to be abolished 
entirely, and in lieu thereof a new tariff given 
to the Chinese people which would increase 
their annual income to a very great extent. The 
Chairman had spoken of China as being on the brink 
of insolvency. He trusted that was not the case. ` 
China had always met her debts in the most splendid 
manner. Personally, he had the greatest respect for 
the Chinese merchant, who was an essentially honest 
and trustworthy man; but of the Chinese diplomats 
he would rather hold his peace altogether, as they 
always got the better of us. Mr. Walton had held 
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out the prospect of peace being soon concluded. He 
(Sir William) trusted it might be so; but whenever 
that time did come the British nation would have to 
look after itself, and speak in no uncertain voice; and 
the legislators, the publicists, and the Press would 
have to realise, and make the public in England 
realise, the vast interests which were at stake. 


Sir EDGAR VINCENT, K.C.M.G., M.P., desired to 
add his tribute to the praise which had fallen from the 
previous speakers with 1egard to Mr. Walton's very 
interesting paper. Although he regarded Mr. Walton’s 
statements of facts as extremely interesting, he could 
not altogether agree with his deductions from these 
facts. What did Mr. Walton propose to do? The 
. whole of the trend of his recommendations was in the 
- direction, first, that England should guarantee China 

against foreign aggression, and in the second place he 
suggested several little measures affecting the internal 
economy of China, such as the deposition of the 
Dowager Empress, the dismissal of a large number of 
. Chinese troops, and the entire remodelling of the 
whole system of Chinese internal taxation. As a 
measure of practical politics he disagreed with 
Mr. Walton: In his opinion the whole thing was 
absolutely impossible, and it would be an act of 
extraordinary folly on the part of the Foreign Minister 
of this country to embark on any policy of that kind. 
He had had some experience of Eastern empires, and, 
as the result of that experience, he believed there 
could be no more foolish expenditure of money and 
no more vain task than to attempt to reform a great 
Oriental decaying empire against the will of its 
inhabitants. It was an entirely false assumption to 
suppose that the great mass of the Chinese were in 
favour of reform.. Everybody who had had anything 
to do with the East, had arrived at the conclusion that, 
on the whole, Orientals did not like what we called 
good government, they preferred to go on in the old 
way, and it was his opinion that the only sound 
manner of dealing with them was to limit our inter- 
ference exclusively to those reforms which acted 
directly in favour of our own interests. We must 
confine ourselves to a policy of strict commercial 
. intelligence. The possession of a world-wide Empire 
had numerous advantages, but it had also obligations 
and liabilities, and one of the most important of 
these obligations was to ‘regard every question, not 
from the point of view solely of local interests and 
fccal conditions, but in relation to the whole 
of the trend of public affairs at the time being. 
In his opinion, a general import duty should replace 
the present one, and the numerous internal customs 
duties which now hampered the trade of China. 
‘That he considered a matter to which the attention 
of the Foreign Office might most legitimately be 
drawn. Another matter in which the policy of the 
' Government deserved support—and he was glad to 
see that Mr. Walton agreed with it—was that we 
should continue with Foreign Powers, with Germany, 
America, Japan, and other commercial nations, to lay 
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down as the one condition of any settlement in China 
the maintenance of the “ open door.” As a summary 
of his observations he would venture to say that the 
policy laid down by Mr. Walton in his extremely 
able paper would not be a wise one at any. time, 
while at the present time it would be particularly 
inopportune, because the general position of affairs, 
the vast responsibilities which we had recently 
assumed in different parts of the world, and the 
struggle in which we were engaged in South Africa, 
made it the categorical duty of the Government not to 
engage in the Far East in any policy of adventure. 


Admiral the Hon. Sir EDMUND R. FREMANTLE, 
G.C.B., said that like the last speaker he could not 
agree with the whole of Mr. Walton’s conclusions. 
Information was of first importance. When he was 
in China some years ago during the China-Japan war 
he complained that even at Shanghai and at Hong 
Kong it was extremely difficult to get any general 
information or arouse general interest with regard to 
our future prospects in that country. If that was so 
out there it was still more so here. It was impossible 
to get our democratic Governments to move decisively 
or strongly unless there was a public opinion behind 
it. The crisis had commenced with the China-Japan 
war. At all hazards that war ought to have been 
stopped. That could easily have been done, but we were 
told that we must not interfere with anybody ; that we 
must have no entangling alliances, and live in splendid 
isolation. We did nothing, however, and the war went 
on. With regard to Wei-hai-wei, if a naval officer 
were asked what sort of place it was he would say it 
was a beastly place; but as a naval base it was 
extremely valuable, and it was the only harbour north 
of Shanghai except Kiao-chau, and in many respects 
it would have been better for our purposes than 
Kiao-chau. It had been the fashion to ridicule Wei- 
hai-wei, but he knew the Commander-in-Chief had 
found it extremely useful for his fleet, as it was a 
healthy place and a good harbour. Recent events 
had shown that it was a good thing to have 
a place under the British flag where colliers and 
provision ships could go without discussion. 
With regard to future policy, we were told that 
it was extremely inconvenient for ten diplomatists to 
meet together and to be in communication with their 
Governments by telephone or telegraph. Undoubtedly 
that might be so, but, as Lord Salisbury had said, it 
was a peaceable policy. He agreed with what Mr. 
Walton had said about deAin. It was a policy which 
seemed a possible one, and one which the Chinese 
were likely to agree to. It was full of difficulty, 
however, because arrangements would have to be 
made with the Viceroys for getting their revenues in 
some other way. If a system could be adopted 
whereby Zekin could be put on customs goods at the 
port, and goods would be free in the interior, it 
would be the greatest thing that could be done, not 
only for British trade, but for the trade of the world ; 
whilst it would be a splendid thing for the Chinese 
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Government if it could be forced to pay its officials 
better. England should never depart from the policy 
of the “open door” in the Yangtse Valley, and 
public opinion should be kept up to the mark on that 
point. By looking at the Stock Exchange, one could 
very often gauge the pulse of the nations, and, not- 
withstanding the fact that we were told how badly 
things were going on, and how our interests were 
being neglected, the fact remained that Chinese loans 
were decidedly high, and Hong Kong and Shanghai 
Bank shares were also high. He hoped His Majesty’s 
Government, notwithstanding all the mistakes it had 
made, would be able to pull us through, and that we 
sould not only maintain but increase our great com- 
merce with the Chinese Empire. | 


Mr. HENRY NORMAN, M.P., congratulated Mr. 
Walton upon the fact that his paper had brought 
forth so many different expressions of opinion. 
Speaking for himself, he differed from some of Mr. 
Walton’s conclusions, and he also differed from 
several of the speakers who had preceded him. In 
his opinion the whole crux of the situation lay in the 
fact that for a considerable time past affairs in China 
had been uninterruptedly mismanaged by the British 
Foreign Office. As an instance of the feebleness of 
British foreign policy, he might refer to the Yangtse 
agreement. We had been told in the House of 
Commons that an agreement had been made with the 
Chinese Government which satisfied all our rights, 
and which when the country knew it, would allay 
all our uneasiness. Three months afterwards the 
agre ment was published, and the comment the 
Times made the next morning was, ‘ This is a docu- 
ment upou the strength of which no business man 
would invest a sovereign.” The great Chinese 
puzzle at the present moment was how to wake 
up the British Government; and if he were 
asked what his answer to that question would 
be be must frankly admit that he had not the 
least idea. We were getting on no better than before. 
There were two points upon which he disagreed 
with the reader of the paper. In the first place, he 
had not quite the admiration for the Chinese that 
Mr. Walton had; and he did not see how the recent 
outbreak could be described as a patriotic rising and 
nothing else. He had not the least doubt, in his own 
mind, that a very large proportion of the so-called 
Boxers knew very little about patriotism, or Kiao- 
chau, or Port Arthur, or Shan-Tung, or anything 
else ; he thcught they were chiefly actuated by, what 
had always been in China, a devilish dislike of the 
oreigner. The second point upon which he disagreed 
with Mr. Walton, was with regard to what he had said 
about Russia. Mr. Walton had denounced Russia, and 
he (Mr. Norman) was not prepared to defend that 
country at all points, but it must be remembered that 
although it was the custom in Russia to suppress 
public inquiry into anything calculated to throw 
discredit upon her actions, at the present moment the 


Russian Government had ordered an official inquiry 
| 


into the massacres at Blagovestchensk. That, he 
thought, should dispose of a little of the criticism 
which had been made in that direction. What had 
been Russia’s policy? She had taken everything in 
sight and everything she could get. But he would 
ask whether England had been in the habit of giving 
things away ? The reason of Russia’s success in the 
Far East was simply because neither we nor any 
other country had stood in her way. Russia no more 
desired war than we did, but she took all she could 
get. Instead of denouncing Russia he should like to 
see England imitate her. He might mention that not 
many months ago he had travelled 20,000 miles in 
Russia, right through Siberia and Central Asia to the 
border of Kashgar, and he could say without the 
slightest fear of contradiction from anybody that Russia 
had done a great work of civilisation there. Any- 
one going to Merv, to Samarkand, or tbat once 
horrible place, Bokhara, and on to Tashkent, could 
travel in perfect peace among the population, 
and could walk out at night more safely than in many 
of the outskirts of London. Trade was springing up, 
the land was being irrigated, and civilisation was seen 
in many of its phases. He did not hesitate to say 
that Russia deserved every possible admiration for 
the results she had brought about amongst those 
people. Sir Edgar Vincent had said that we must 
confine our policy to commercial intelligence. The 
question was, were we a sufficiently great power to 
defend our own interests? Did our army and our 
navy exist for that purpose, and had our statesmen 
a policy behind them to put those two in motion when 
it was necessary to defend our interests? As to the 
fighting services, he thought there need be no question ; 
but as to the policy, we had not had it for a long 
time, and we had not got it to-day. 


Captain F. E. YOUNGHUSBAND, C.I.E., felt some 
difidence in speaking as it was fourteen years since 
he travelled from the neighbourhood of Vladivostok 
through Manchuria, and Mongolia to Kashgar and 
Samarkand, at the other end of the Empire. When 
he travelled through Manchuria, for three thousand 
miles, the only Russian he heard of in that district was 
an escaped convict from Siberia. He had visited most 
of the places where the Russians had recently been 
fighting. Kirin, at that time, had a large arsenal 
conducted entirely by Chinamen, without any foreign 
assistance whatever, and very useful rifles, machine 
guns, and ammunition were being turned out. 
Near the frontier there was a good fort built 
entirely upon modern principles, and at a place 
still nearer the frontier, towards Vladivostok, there 
was another of the same kind, the guns having been 
carried there, a distance of five or six bundred miles 
across several ranges of mountains, on sledges, in the 
winter. At that time the Chinese were undoubtedly 
in great strength, and thought themselves perfectly 
capable of holding their own against the Russians; 
in fact, they gave some indications of a desire to 


arch 1, 1901.) 
retake that part of Manchuria, the bottom of which 
was Vladivostok, which was taken from them by the 
Russians, in 1860, when we were at war with the Chinese. 
That was the position of affairs fourteen years ago. 
Now, as Mr. Walton had told them, the Russians 
had nearly completed a railway right through the 
entire length of the land ; there were 200,000 Russian 
troops either in Manchuria or close to it, and a 
Russian Resident had been appointed to control the 
administration, and the Russians held the only three 
ports. The changes in China proper had also been very 
great. Fourteen years ago our influence at Pekin 
was as good as anybody else's, but he understood 
from Mr. Walton that at the present time our 
influence even in the Yangtse was not altogether 
supreme, and was being challenged by Germany. 
Then the Germans had very little influence, but they 
had increased it to an enormous extent. Japan, which 
the Chinese then regarded and spoke of in an official 
document which he had seen, as a “mere pill” in 
comparison with China, had increased her influence 
to the extent of which they were all aware; and, in 
addition, America had come to the front. The 
foreign powers of Europe, America, and Japan had 
increased their strength far more rapidly than the 
Chinese, but China had not improved her position as 
it was expected at that time she would. The Chinese, 
therefore, were becoming less and less capable of 
maintaining that attitude of isolation which they had 
adopted for so many centuries past. Many people 
were of opinion that these enormous masses of 
the Chinese would one day arm and organize 
themselves under the leadership of a great 
man and expel all foreigners; but for his own 
part he’ had been far more impressed with the 
increasing strength and the latent possibilities of the 
Western races. The arming of the Chinese and the 
putting of themselves under a competent leader was 
a matter of conjecture; while it was an absolute fact 
that steam and electricity were bringing Western 
nations closer to China every day ; and there was the 
undoubted fact that the white races were increasing 
far more rapidly than the Chinese. Those two facts 
went for a great deal more than the mere conjecture 
that the Chinese might some day arm and turn us out 
of China. With regard to our own individual 
position, it must be borne in mind that there were 
two large young nations on the Pacific Coast, Canada 
and Australia, which were growing every year, and 
becoming more and more capable of supporting and 
helping the Mother Country in time of need. Further, 
it should be remembered that next door to China 
there was the huge country of India, with a popula- 
tion not less numerous, whose assistance we had to 
draw upon in the time of need when the Pekin 
Legations were shut up last year. Indian troops, it 
must be remembered, were the first to arrive; and he 
was sure that it was upon Indian troops that we 
could always count in any crisis in China. Having 
India and our Colonies on the Pacific Ocean, he 
thought we ought to be able to maintain our enormous 
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interests in China, and ultimately to induce the 
Chinese to grant us the same liberality of treatment, 
and the same freedom and security which we granted 
to Chinamen who visited England. 


Mr. ARTHUR Didsy said he had the pleasure of 
seeing Mr. Joseph Walton at work in the Far East 
eighteen months ago gathering the information 
upon which he had based his admirably clear and 
concise exposition of the causes of the crisis in 
China. It would take about fifty of such meet- 
ings as the present one to handle the subject if one 
wanted to go into it with any degree of thoroughness. 
All the solutions he had heard of the problem—even 
from persons well acquainted with the subject —were 
strongly reminiscent of a method recommended in the 
nursery of how to catch sparrows with a pinch of salt 
on the tail, but he had not heard from any of the 
speakers how the pinch was to be applied, or how 
permanent objects were to be attained. Every 
engagement with a foreign power signed by the 
Chinese, whether by the representative of the Imperial 
Government at Pekin, or by the representative of a 
little Mandarin in a fifth-rate provincial town, 
would only be kept so long as the man who 
signed it was persuaded that by not keeping it 
he would get into very serious trouble. From 
what people intimately acquainted with the Em- 
peror knew of him, he unfortunately had neither 
the physical nor mental strength to be any- 
thing more than a puppet. But to make him 
our puppet instead of the Dowager Empress’s puppet, 
meant getting hold of him; and we might rest quite 
certain that the party at present opposed to the allied 
Powers would place him where we could not get at 
him. Russia held the trump cards in northern 
and north-eastern Asia. Was it to be thought that 
the Russian power—which had been lauded to 
the skies for the cleverness with which she had gone 
forward in Asia—was going to abandon her trumps 
without some very strong consideration? Was it to 
be thought that she was going to throw her cards 
upon the table, and out of pure kindness of 
heart allow us to take the trick? Certainly not. 
What had we to give Russia ? He was sorry to say 
he did not know what we could give up. It would 
have to be something which belonged to somebody 
else, for such was diplomacy! It could not be any- 
thing of our own, and he did not know anything 
belonging to anybody weak enough to be forced to 
give it up. And we could not offer it to Russia, 
because what Russia wanted she could very well take 
for herself. If Russia was to be induced to give up 
her well-won position, she must either be bribed or 
frightened—and he need hardly remind his hearers 
that Russia had not been afraid of England for the- 
past two and a half years. It was that feeling 
of want of fear for England, which had been partly 
responsible for the outbreak in China Jast summer. 
‘Unfortunate occurrences ’’ had been very largely mag- 


248 


JOURNAL OF THE SOCIETY OF ARTS. 


[arc 1, 1901. 


nified to the Chinese by persons unfriendly to us, which 
had had a good deal to do with the idea of the 
councillors of the Dowager Empress, that a popular 
rising would succeed in the face of disciplined 
and well-armed European troops. If we were 
to have that peace and order which were neces- 
sary to our present trade, and to our still 
more enormous future trade in China, we must, by 
hook or by crook, make ourselves feared, because the 
people we had to deal with in that part of the world 
respected only those whom they feared. It was not 
ə question of badgering His Majesty’s Government 
into a forward policy, but a question of supplying 
that Government with the means of carrying out a 
defensive policy. At present we had not even a 
defensive policy in China, because we were too weak. 
We must make ourselves strong, and if we were 
strong in that part of the world we should be feared : 
if we were feared we should be respected, and there 
would be in the future no Chinese crisis for Mr. 
Joseph Walton to read a paper upon. 


A series of lantern slides—mostly from snapshots 
taken by Mr. Walton during his travels in the Far 
East—were shown upon the screen, and a vote of 
thanks to the reader of the paper brought the meet- 
ing toa close. 


Sir C. M. KENNEDY, K.C.M.G., C.B., writes :— 
In addition to the points made in the discussion on 
Mr. Walton’s interesting and instructive paper, it 
may be remarked generally that the Governments and 
peoples of Europe and America too often look upon 
China as a State organised on modern principles. 
They address themselves to the rulers at Pekin; and 
expect that in duties levied on goods, more especially, 
a tariff agreed upon at the capital will be acted upon 
throughout the empire. The fact is that hitherto 
very extensive powers of self-administration have been 
exercised ab antiquo throughout the Chinese Empire. 
Matters complained of have often not been so much 
acts of bad faith as the results of a condition of affairs 
of which Western countries have been well con- 
tent to keep themselves ignorant. Then as regards 
the advance of Russia, looking at the map and the 
circumstances of the case this advance is inevitable. 
The Russian authorities know what they want and 
thus they succeed in their views, and if Russia 
employs men enough and will incur the necessary 
expenditure the predominance in the Far East, 
adjacent to her present territories, must fall to that 
Power. The British Government and people too often 
do not know what they want, and therefore their aims 
are not thought out, and so their endeavours fail. As 
Sir Edgar Vincent said, the reforms with which we are 
chiefly and immediately concerned are connected with 
our commercial interests in China. Other reforms are 
not to us matters of indifference, but our trade in- 
terests should be our foremost consideration. There 
is no adequate grasp of our needs, and advantages 
now enjoyed are slipping away, and in certain locali- 


ties the door is by no means securely ‘‘ open.”” Now 
what should be done? Although there are in the 
country bodies very capable of stating the position of 
affairs and advising the Government thereon, for 
instance, the Royal Colonial Institute, the China 
Association, Chambers of Commerce, and our own 
Society, yet from the Government point of view these 
authorities do not fulfil the conditions required in 
dealing with British interests in China—those 
of India and the Colonies, as well as those of the 
United Kingdom—in connection with our vast com- 
mercial interests in China. The Commercial Intel- 
ligence Committee of the Board of Trade is not 
constituted in a manner to deal with the 
questions of the Far East. Let, however, the 
influential members of Parliament who attended this 
Society of Arts meeting unite in urging the Govern- 
ment to follow the precedent adopted when European 
Commercial Treaties were revised in 1891-93, and 
appoint a representative and advisory committee 
ad hoc, namely, to consider the whole situation from 
the point of view of British commercial interests and 
advise the Government on the action which is now 
needed. Such a committee, called together by the 
Government, after consultation with those chiefly 
interested, would enable the Government to act with- 
out any dictation on the part of outside influences, 
and would satisfy the commercial community that 
serious attention is given to their interests, which was 
of great importance to the whole British Empire. 
Mr. Mundella’s Committee above referred to was 
successful in these respects, and by similar proceed- 
ings now good results may be anticipated, and any 
reflection would be removed of indifference to, or 
neglect of questions of vast importance, to which our 
competitors in trade give constant attention, and 
about which, in our present requirements, experts 
agree that our Government is not adequately in- 
formed. A committee qualified to deal with our 
commercial interests in China could easily be formed. 
This question needs consideration both as to those 
interests themselves, and as regards the conflicting 
interests of other Powers. If persons in a position 
to make a recommendation of this nature to the 
Government would take up this practical course of 
action, most useful results may be anticipated for our 
own manufactures and trade, as well as for the pre- 
vention of international disputes in future years. 


TENTH ORDINARY MEETING. 
Wednesday, February 27th, 
WILLIAM THISELTON DYER, 
F.R.S., in the chair. 
The following candidates were proposed for 
election as members of the Society :— 
Cobb, Henry Venn, LL.B., I.C.S., The Residency, 
Jeypore, Rajputana, India. 
Davenport, F. R., The Albany, Vigo-street, W. 


Ig0Ol; Sir 
K.C.M.G., 
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Davidson, L., The Kanan Devan Hills Produce 
Company, Munaar P.O., Devikulam, S. India. 

Lal, Sundar, Allahabad, N.W.P., India. 

Lodge, Dr. Percy George, Lee-house, Bradford. 

Sharpe, Francis J., Reform Club, S.W. 

Shepherd, Bruce, J.P., Victoria, Hong Kong, China. 

Symons, Joseph Edmund, P.O. Box 1054, Johannes- 
burg, Transvaal, South Africa. 


The following candidates were balloted for 
and duly elected members of the Society :— 


Elgood, Thomas Scott, Messrs. Elgood Brothers, 
12, Pocklington’s-walk, Leicester, and 82, New- 
walk, Leicester. 

Gipps, Captain Frederick Bowdler, Leny-manor, 
South Yarra, Victoria, Australia. 

me Hon. Rupert, E. C., 5, Grosvenor-place, 

Groves, W. G., J.P., Holehird, Windermere, West- 
moreland. 

Humphrey-Moore, Montague George Alfred, Castelar, 
Webster-gardens, Ealing, W. 

Jassoobhoy, Hormusjee Dinshaw, Palli-road, Bandora, 
Bombay, India. 

Lafontaine, Alfred C. de, 98, Piccadilly, W., and 
Athelhampton, Dorset. 

Lewall, Charles, 121, Victoria-street, S.W. 

McClounie, J., The Scientific Department, Zomba, 
British Central Africa. 

Morgan, John Pierpont, Jun., 22, Old Broad-street, 
EC, 

Row, Rajah A. V. Jugga, Daba-gardens, Waltair 
Railway Station, Madras, India. 

Scrase-Dickins, Aluzhe Frederick, Newell’s-cottage, 
Horsham, Sussex. 

Settna, Dossabhoy Rustomjee, M.A., Cowasjee 
Patel-street, Fort, Bombay, India. 

Thuillier, Captain H. F., R.E., 3, Clarendon-villas, 
Dovercourt, Essex. 


The CHAIRMAN, in introducing the reader of the 
paper, said he had the responsible charge of the 
great forest administration of the Indian Empire, 
was the author of the classical standard work on 
forest finance, economics and administration, and 
the greatest authority on forest science. 


The paper read was— 


THE OUTLOOK OF THE WORLD’S 
TIMBER SUPPLY. 


By DR. W. SCHLICH, C.LE. 


The subject with which I propose to deal to- 
night is not new. It has been discussed re- 
peatedly at the meetings of this Society and 
outside. The interest which the Society of 
Arts has taken in forestry for more than a 
century is well known. Numerous papers on 
the subject have been read and discussed in 


JOURNAL OF THE SOCIETY OF ARTS. 


249 


this hall. Only a year ago my friend, Mr. 
Hutchins, read a powerfully conceived paper 
on ‘‘ National Forestry.’ In 1894 General 
Michael read an interesting paper on forestry. 
I had the honour of addressing the members of 
the Society in 1890 on ‘‘ The Utility of Forests 
and the Study of Forestry.” In 1884 Mr. P. L. 
Simmonds read a paper entitled, ‘‘ On the Past, 
Present, and Future Sources of the Timber 
Supply of Great Britain.” As regards the 
special aspect of the question with which I 
am about to deal, Mr. Simmonds’s paperis, no . 
doubt, the most important of those enumerated, 
because he reviews the imports and demon- 
strates the uncertainty of future supplies. Mr. 
Simmonds’s paper is fullof interesting statistics. 
Since then, however, great changes have taken 
place, owing to the increase of population and 
the development of industries all around us. 

As for myself, I took up the subject soon 
after my return from India in 1885, and in 
December of that year I discussed, in a 
pamphlet written at the invitation of the late 
Earl of Carnarvon, then Viceroy of Ireland, 
the needs of the country in this respect. In 
the first volume of my ‘‘ Manual of Forestry,” I 
brought the data up to the year 1889, and I 
enlarged the information in the second edition 
of that volume in 1896. Again, in March, 
1897, I lectured at the Imperial Institute 
on ‘‘The Timber Supply of the British 
Empire.’’ The substance of that lecture 
was translated into French and published in the 
“Revue des Eaux et Forêts,’ and in the 
“ Belgian Forestry Journal.” 

So far the results of my efforts had been very 
small, and I determined to make a last effort 
of rousing the public to the importance and 
urgency of the cause. Hence I offered, about 
sixteen months ago, to prepare the paper now 
to be read, but as Mr. Hutchins’s paper had 
already been accepted the Council considered 
that two papers on forestry in one session would 
be too much for the members. Since then, 
that is to say in June, 1900, Monsieur Melard, 
Inspector of Forests at Paris, has published a 
pamphlet on the ‘‘ Insufficiency of the Pro- 
duction of Timber in the World.’’ This 
pamphlet is drawn up on lines similar to those 
of my lecture given at the Imperial Institute in 
1897, but Monsieur Melard brings in a number 
of non-European countries with which I had 
not dealt, as not directly affecting the British 
Empire. Some of Monsieur Melard’s data 
referring to non-European countries and to 
France I have utilised, but as regards the 
principal sources of supply I shall give my own 
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figures, which in many cases differ consider- 
ably from those given by Monsieur Melard. 

In order to do justice to my task I must give 
a considerable amount of statistics. For 
simplicity’s sake I have arranged them into 
numerous small Tables, each of which presents 
a particular point. I have rounded off the 
figures to full thousands, a departure from 
accuracy which is quite inappreciable. 

In some cases I could give the quantities 
and values of the imports and exports; in 
others, unfortunately, only the one or the 
other. 

I shall begin with Europe, and then deal 
with non-European countries. My data re- 
ferring to the former are fairly complete, which, 
however, cannot be said of those referring to 
the latter. 

I need scarcely point out that, within the 
space of one hour, I can only touch very lightly 
on many points, on which I should have liked 
to go into details. 

The first Table to which I desire to invite 
your attention, is that which shows the areas 
classed as forests in the several European 
countries. 

TABLE I. 
Showing the Area of the Forests of Europe. 


Per- Per- 


centage| centage Forest 


Area of | of total of forest h Pa f 
forests, in | area of larea be-| So Sia: 
Countries. acres. |country longing Kon, | in 
under | to the ache: 
forest. | State. 
1. Sweden ............... 48,000,000 44 27 89 
a. Norway oee., 17,000,000 | 21 12 84 
3. Russia, meuding ! 
Finland.. .| 516.000,000, 40 ôr 59 
4. Bosnia and Herze- 
govina a... 6,790,000 | 53 70 4'9 
4. Bulgaria ............ 10,650,000 | 45 3°2 
6. Spain 0...00. 20,960,000: 17 8; 1°3 
7. Hungary .......... p 225420009 28 16 V3 
8. Austria proper ...| 23,990,000 32 7 10 
9. Servia... 2,390,000 2) 1'0 
to. Roumania............ §,030,000 | 17 47 ro 
Tr. Greece se. 2,030,000 , 16 80 ‘9 
12. Luxembourg ...... 190,000 | 30 a '9 
13. Switzerland ......... 2,100,000 _ 20 4 °7 
14. Germany ............ 34490,000 25 33 °7 
15. France ............... 23,530,000 | 18 12 6 
16. Italy woo. 10,110,009 I4 4 °3 
17. Denmark ............ 630,000 6 24 "2 
18. Great Britain ...... 3,030,000 4 3 "I 
19. Belgium ............. 1,250,003 17 5 “I 
20. Portugal ............ 770,006 3 8 fo 
21r. Holland............... 570,000 ‘I 
22. Turkey ..........00... 6,180,909 8 
758,080,090 | 3i 2 


This Table at once introduces us to some 
very useful. information, the main points of 
which may be summarized as follows :— 

1. Not quite one-third of the area of Europe 
is classed as forest. 

2. The average forest area per head of popu- 
lation ranges from g acres to one-tenth of an 
acre, the average being about 2 acres. 

3. By way of anticipation I have underlined 
the areas referring to the exporting countries. 
Of these, only Austria-Hungary and Roumania 
have less than 2 acres per head of population; 
all other exporting countries have from 5 to 9 
acres of forest per head of population. 

I shall now place before you the next Table. 


TABLE II. 


| Showing the Net Imports and Exports of European 


Countries. 


(Average data, calculated from the returns of the 
last 5 years, whenever available). 


Quantities in tons. | Values in £ sterling. 


Countries. 
Imports. | Exports. | Imports. | Exports. 
Great Britain & 
Ireland..........0. 9,290,000 22,190,000 
Germany ............ 4,600,000 14,820,000 
France eesse 1,230,000 3,050,000 
i Belgium .............. 1,020,000 4, 100,000 
Denmark ............ 470,000 1,250,000 
Italy ceiusteocesscvageds 420,009 1,250,000 
Spain ......ceccer...04.| 210,000 1,180,000 
Holland........ .... 180,000 720,000 
Switzerland ......... 170,000 590,000 
Portugal ............. 60,000 200,000 
Bulgaria ............. 50,000 50,000 
Greece.............08. 35,000 130,000 ! 
Servia essees. 15,000 15,000 
Roumania........... 60,000 180,000 
NOrway ....ssceereeee 1,040,000 | 1,870,093 
. Austria-Hungary ` $ 
with Bosnia & g | 
Herzegovina .... ae 3,670,020 | aes 10,800,000 
Sweden ........... ... 4,460,000 | 7,930,060 
Russia with Fin- 
land iie. 5,900,000 | 8,900,000 
Total ......... 17,750,000 {15,130,000 | 50, Raids P 29,680,009 
Net Imports ........ 2,620,000 ee 


It will be observed that the following 
countries import (net) timber in a descending 


scale :—Great Britain and Ireland, Germany, 


France, Belgium, Denmark, Italy, Spain, 
Holland, Switzerland, Portugal, Bulgaria, 
Greece and Servia. The exporting countries 
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are Russia (with Finland), Sweden, Austria- 
Hungary (with Bosnia and Herzegovina), Nor- 
way and Roumania. There is a deficiency of 
2,620,000 tons for the whole of Europe. 

Of the importing countries the first four 
demand our special attentioh. 


GREAT BRITAIN AND IRELAND. 
Table IIT. will no doubt interest you. 


TABLE III. 


Showing the Mean Annual Imports of Timber into 
Great Britain and Ireland. 


Mean Annual 


Period Imports in Tons. 
1864 sarosar es eoene 3,396,c0> 
1864-68 .......00225 3,528,C09 
1869-73 ....-seeeeee 4,459,C00 
1874-78 cece cece eeee 5»844,0C0 
1879-83 ..ccccccoes - 5,789,000 
1890-94... cee eee. 7,628,000 
1895-99 sssesssessse 9,290,0CO 
1899 only ...... «eee 10,008,000 


Mean annual increase of imports during 
35 years, 189,000 tons. Large and continuous 
as this increase is, it must be pointed out 
that the imports have risen very rapidly of 


late years, as the following figures will 
show :— 
Mes al Tons. Value. 
n annu 
net imports ) 1895-99 .. 9,290,000 .. £22,190,009 
- 1890-94 .. 7,628,000 .. £17,595,000 

Mean annual increase...... 332,000 .. 919,000 
Mean annual increase in eT 26% 

Saena A 440 ws 52o 


These percentages show that the value has 
risen more rapidly than the tonnage ; in other 
words, that the mean price per ton has in- 
creased by 18 per cent. in the course of five 
years. In order to probe this question further, 
I have calculated the average prices of all 
coniferous timber imported during the years 
1895-99, obtaining the following results :— 


Average Price per Ton of Coniferous Timber Imported 


£ s d. 
10S E E E T RAD 4 
1896 A E E dacs I IQ IO 
TSOP E E E E Wee 2 2 2 
eote PE E EA 2 2 7 
1899..... PEEP EAT 2 3 2 


These data indicate a slow but steady rise in 
prices equal to 15 per cent. in five years. 

For the purpose of showing where all this 
timber comes from, I attach the following 
Table. (See Table IV., p. 252.) 


TABLE V. 
Showing the Amount af Timber Imported in 1899. 


Per cent. of 


t-e total 
quantity. 
Coniferous timber ........+00- 87 
Oa sacle hee howe ka eae © 3 
Teak cs:5c5%e a ee bees eeestes 5 
Mahogany .......c-e cece eee ri 
Other furniture woods ........ 2'4 
House and door frames, &c. .. 3:6 
Miscellaneous timber ........ 2'8 
Total .. 100°0 
GERMANY. 
TABLE VI. 


Showing the Mean Annual Net Imports of Timber 
into Germany. 
Mean Annual Net 


Period Imports in Tons. 
1842-64 2... eee 13,000 
1865-69 .....e eee ; 913,000 
87O- A .seside owes ere 1,992,000 
1875-79 s... es.. 1,692,000 
1880-84 .....0ccees . 1.186,000 
1885-89 ........ s... 2,075,000 
1890-94 .cccccee 2,796,000 
1895-99 sessesseasee 3,200,000 
1899 only ......... « 4,600,000 
Mean annual increase during 35 years 131,000 tons 
” ” ” ” the last 
10 Yeats: E E E . 167,000 ,, 
Value of the net imports in 1899 .... £ 14,820,000 


The gross imports of timber into Germany 
in 1898 came from the following countries :— 
From Austria-Hungary .. 1,883,000 tons. 
» Russia ....... e.s... 1,831,000 ,, 
», Sweden and Norway. 570,000 ,, 
» North America .... 262,000 _ ,, 


Total gross imports .. 4,546,000 ,, 


Of these quantities about 13 per cent. were 
hard woods and 87 per cent. coniferous timbers. 
The following additional information may 
prove interesting :— 
Annual production of timber in the 
German forests .......0 2.20008. 
Ditto firewood ...... seatanna 3000.000 4, 


Total timber and firewood .. 38,000,000 ,, 
Annual gross receipts from 
forésts scri ticeeee'en £&21,500,0c0 
Annual costs for staff, 
labour, &c. ...... s... 8, 600,000 
Annual net receipts ..ccceccvecceees £ 2,900,000 


About 1,000,000 people live by wərk done in 
the forests, and about 3,000,090 people by 
work connected with forest industries. 
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FRANCE. N. Tons. 
The following data show the mean annual A aean egede ae 
hetimports of timber into France: Belgium ...c..cccccesseeeseees 44,000 
TABLE VII. Other European countries, say .. 57,009 
Showing the Net Imports of Timber into France. Total annual increase.. 600,000 


Value of Net 


Period. Imports in £. 
1865 sr Gis wales oie e vin 4.0 UN ene: 4,040,000 
1865-69 ......cccccecvcecccess 5,584,000 
70-76. bite ti EET E » 4,249,000 
Pe E EE eee s.....seo 0,588,000 
SOBA E EE T T bees .. 7,828,000 
85-89 .... cece eee Pe Tere es » 5,189,000 
GO-O4 5 sieve 6 en bie win Were es eo kiews 4,493,000 


95-99 CCCHCeCoeeseeseeeecerseeosee 4,032,000 
1899 only .es.ssesesessosee. es 4,053,000 


The net imports have fluctuated, but there 
has practically been no increase during the 
last 35 years. The mean annual quantity im- 
ported during the last five years amounts to 
1,230,000 tons. The imports come from 
Austria-Hungary, Sweden, Norway, Germany, 
Russia, North America, and Switzerland. 
The production of the French forests is given 
as follows :— 


Timber eeeoseeaven e2@ eevee 
Firewood .. 


4,200,000 tons. 
eeeoeoeeeoarce 34,000,000 39 


Total production .... 18,200,000 tons. 


The excessive proportion of firewood is due 
to the preponderance of coppice woods, and 
coppice with standards. 


BELGIUM. 
Tons. Value. 
Net imports in 1898 .... 1,020,000 .. 4,100,0CO 


Mean annual increase in 


net imports since 1865 22,000 
Mean annual increase 

during the last ten 

years..... PETETA 44,000 
Do. in 1090 PEO T 80,000 


OTHER IMPORTING COUNTRIES. 


The increase in other European countries is 
comparatively small. The net imports of 
Switzerland have, during the last ten years, 
increased by about 17,000 tons a year, and 
those of Denmark, by 20,000 tons. In all other 
countries together, the net increase may be 
placed at about 20,000 tons a year, or a total 
of 57,000 tons. 


SUMMARY OF ALL IMPORTING COUNTRIES. 


The total annual increase in net imports of 
all European countries of late years, stands as 
follows :— i 


If the same rate of increase lasts for another 
ro years, an additional 6,000,000 tons will be 
required in 1910. 

It will be useful to see what the present total 
consumption in the four principal importing 
countries is. The following statement shows 
this :— 

TABLE VIII. 
Showing the Annual Consumption of Timber in the 

Four Pringipal Importing Countries of Europe. 


| Number 


Home of cubic 
production Net fs oroa : feet con- 
Countries. | of timber | imports Ban rat sumed 
in in tons. tons per head 
tons. * of popu- 
lation. 
Gresit Puran l 2,C00,000 9,290,000 | 11,290,000 14 
Germany ...... 15,000,000 4,600,000 | 19,600,000 18 
Belgium ...... 600,000 1,020,000 1,620,000 12 
France ......... 4,200,000 1,230,000 8,430,000 7 


Total...| 21,800,000 | 16,140,000 | 37,940,000 13 


These data are based on reliable informa- 
tion, with the exception of the home pro- 
duction in Great Britain and Ireland, which 
has been estimated from the area of the forests 
and the yield of hedgerows, parks, &c. Con- 
sidering that the consumption of timber in 
Britain has, during the last twenty years, in- 
creased at more than twice the rate of the in- 
crease in population, and that a similar process 
is going on in Germany and Belgium, I do not 
doubt for a moment that the consumption in 
the above four countries will, in a few years, 
have risen to 20 cubic feet per head of 
population. 

I shall now proceed to deal with the export- 
ing European countries :— 


ROUMANIA. 


Roumania has only about one acre of forest 
for every head of population. It has exported 
lately about 60,000 tons of timber annually. 
Even if this quantity should, in the immediate 
future, be somewhat increased, the rise, if any, 
will be so small that we can neglect it. 


NORWAY. 
Tons. Value. 
Present annual net export.. 1,040,000 %4 1,870,000 


Of late the major part of the exports went 
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to Britain, France, Belgium, Holland, and to 
Germany. 

The exports have not increased during the 
last ten years, on the contrary, they have 
slightly fallen. Of the total forest area, 
17,000,000 acres, only 12 per cent., or 
2,040,000 acres, are State forests, and 500,000 
acres Corporation forests. The remaining 
14,460,000 acres are private forests, which are 
worked without any legal interference on the 
part of the State. The manufacture of paper 
pulp has assumed great dimensions, requiring 
annually already 1,400,000 tons of timber. A 
considerable portion of the forests is situated at 
a high altitude where growth is slow. All 
authorities are agreed that the Norwegian 
forests as a whole have been considerably over- 
worked, and that a decided falling off in the 
export must set in almost immediately. 


AUSTRIA-HUNGARY, INCLUDING BOSNIA 
AND HERZEGOVINA. 


Tons. Value. 
Present annual net export .. 3,670,0co .. £10,800,000 


The exports have been developed since the 
year 1855; they have increased during the last 
ten years by 158,000 tons a year, which is 
equal to about 7 percent. Of the exports :— 


Per cent. 

Germany received in 1897 .......++0+4 56 
Italy moar aaas ereas 18 
Russia and 
the Balkan | > y eoeresee cece 10 
France 3 sat a eae colton . 6 
Switzerland ,, aoa wheewetiwaae, S 
Other countries ,, ,, essesesossss 7 

Total.. 100 


The following data show the distribution of 
the forest area according to proprietorship :— 


Istate forests Other Total 
acres. | forests. acres. 
acres. 
Bosni | 
ere poies seuss 4.753,000 2,037,000 6,790,090 
Hungary essere. 3,587,009 | 18,833,000 | 22,420,000 
Austria proper ......... 1,679 coo | 22,311,000 | 23,990 000 


Total ...| 10,019,000 | 43,181,000 | 53,200,000 


Taking the three countries together the 
average forest area per head of population 
comes to 1°6 acres. Of this °3 of an acre is 
State forest and 1°3 acres private forest. The 


annual production of timber in these forests, of 
the class now exported, has been estimated at 
16,000,000 tons, which is equal to 18 cubic feet 
per head of population, or just about the 
annual consumption in Germany. Taking 
into consideration the increase of population 
and the development of industries which has 
lately set in, the time does not seem far off 
when the Austrian empire will require all the 
timber which her forests produce. But this is 
not all. Bosnia and Herzegovina, no doubt, 
have still considerable surplus stocks, but the 
forests of Hungary have been considerably 
overworked. Even as regards the State forests 
in that part of the monarchy, the Director 
General of the Forests has publicly stated that 
the standing crops of timber is some 30 per 
cent. below the normal quantity, or the amount 
which should be present to permit of a per- 
manent supply like that lately taken out of the 
forests. The condition in the private forests 
is still worse, so that Hungary, at any rate, 
must reduce its cuttings. Again, of the forests 
in Austria proper more than half the area is 
situated above an elevation of 3,000 feet, so 
that their annual growth is small. Even now 
an agitation is going on in Austria for the 
imposition of an export duty on raw timber, so 
as to check it. More than half the quantity of 
timber exported goes to Germany, and the 
opinion has been expressed that that country 
will soon have to look elsewhere for sources of 
supply to meet the increasing demand for 
timber in its industries. In short, Austria- 
Hungary is not likely to remain an exporting 
country for more than a limited number of 
years. This means that Germany must more 
and more compete with Britain in the Baltic 
timber trade, thus not only reducing the 
supplies available for Britain and other 
countries, but also considerably raising prices. 


SWEDEN. 


Tons. Value. 
Present annual net exports . 4,460,000 £7,930,000 


The exports have just about doubled during 
the last thirty years; the average annual 
increase during the last ten years has been 
equal to 76,000 tons, or about at the rate of 
2 percent. The timber goes mostly to Britain, 
and next to France, Germany, Holland, Den- 
mark, Belgium, Spain, and elsewhere. Sweden 
has a forest area of 48,000,000 acres, of which 
12,000,000 are State forests. The latter have 
been taken fairly under systematic manage- 
ment. A considerable portion of the Swedish 
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forests are situated far north, and their growth | evenly distributed over the empire. There are 
is very slow, giving only a small annual | enormous tracts with no forests at all. In and 


increment. In the more accessible areas it 
has already been necessary to prohibit the 
cutting of trees of less than eight inches in 
diameter at five feet from the ground, and a 
similar prohibition may soon become necessary 
in other areas. The manufacture of paper 
pulp and cellulose is rapidly increasing, and 
it is estimated that at present about 1,000,000 
tons of coniferous timber are annually con- 
sumed by this industry, which is rapidly grow- 
ing. Nevertheless, it is probable that the 
present out-turn may be maintained, and even 
somewhat increased, but by no means to such 
an extent as to make up for the prospective fall- 
ing away of the exports from Norway and 
Austria-Hungary. 


RUSSIA INCLUDING FINLAND. 
Value. 
5,900,000 £8,900,000 


Tons. 
Present annual net exports.. 


Thirty-five years ago, the net exports 
amounted to about one-fourth, so that the 
mean annual increase comes to about 126,000 
tons. About two-fifths of the exports come 
from Finland. and three-fifths from Russia 
proper. Of the timber, 38 per cent. go to 
Britain, 32 per cent. to Germany, and the 
remaining 30 per cent. to France, Belgium, 
Holland, and other countries. 

The distribution of the forest area, according 
to proprietorship, appears to be as follows :— 


State Private 
forests. forests Total. 
Acres Acres Acres 
Finland 00... 20,000,000 40,000,000 50,000,000 
Russia proper.. | 294,000,000 172,000,000 466,000,000 
Total ...... 314,000,000 202,000,000 516,000,000 


The average area of forest land per head of 
population is just under 6 acres. 

These are large areas, and at first sight it 
would appear that they are sufficient to 
supply any deficit that may appear elsewhere. 
In reality, however, matters are far less 
roseate. In the first place, the forest area 
includes enormous swampy tracts which pro- 
duce little or no timber; then there are very 
extensive areas, which are thinly stocked with 
alder, birch, poplar, hornbeam, &c.; so that the 
area of really important forests is only a fraction 
of that given above. Moreover it is very un- 


- 


about the Caucasus we find considerable 
forests, but the bulk of the important areas are 
in the north of the empire, that is to say, in 
Finland, and in the adjoining provinces east- 
wards. It is from these parts that the coni- 
ferous timber is exported, and for all practical 
purposes these forests are of special interest 
to us. Unfortunately, information regarding 
their yield capacity in the future, differs very 
considerably, and it is not easy to arrive at a 
final conclusion on the question. There can 
be no doubt about a few points. The population 
of European Russia, including Finland, is now 
estimated at 106,000,000, and it has, of late, 
been increasing very rapidly. The consumption 
of timber and firewood in a northern country 


like Russia is naturally very great; indeed, 


in many parts of the Empire, it has been 
estimated at three tons per head of population. 
If this is so, by far the greater part of tke 
forests is required for home consumptiore 
Monsieur Melard, whom I mentioned in tle 
beginning of this paper, takes a mo:t 
gloomy view of the situation. He says 
that while the population and industries 
are developing rapidly, the production of 
the forests has fallen off in consequence 
of the great destruction which has been 
going on during the roth century, and he 
winds up by saying :—‘‘ When in the middle 
of the 2oth century, Russia will have a popu- 
lation of 150,000,000, when her metallurgic 
and other industries have attained the full 
development on which one may count, her 
exports of timber will have ceased, and she will 
be only too happy, if she then has managed 
her forests sufficiently well to find in them the 
timber and firewood which she requires for her 
own consumption.’’ 

German experts, on the other hand, take a 
more hopeful view of the situation. Professor 
Endres, at Munich, considers Monsie.r 
Melard’s fears as exaggerated, and is of 
opinion that the resources of Russia are 
much greater than is generally supposed. I 
am, however, not aware that Professor Endres 
has personal experience of the Russian 
forests. Professor Mayr, of Munich, on the 
other hand, has lately spent some time in 
Russia, and given us an estimate of their yield 
capacity. He divided the productive forests of 
Northern Russia into three regions — the 
western, the central, and eastern. The data 
which he has collected indicate that the grow- 
ing stock in the western region is about 60 per 
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cent. below the normal amount, that of the 
central region about 30 per cent., and that the 
eastern region is still normally stocked. This 
shows that, in the more accessible areas, pro- 
duction has not kept pace with utilisation. At 
the same time, he is of opinion that, if these 
forests were at once taken under careful and 
systematic management, they could, owing to 
their great extent, furnish considerable quanti- 
ties for export. Herein lies, however, the 
difficulty. It will take a long time to introduce 
economical management and control into these 
vast areas, and, in the meantime, the process 
of deterioration is likely to goon. Finally, I 
desire to give a quotation from a letter lately 
written by the Director-General of the Russian 
State Forests. He sums up his remarks as 
follows :— 


‘‘ The utilisation of the Russian State forests is 
‘considerably below the annual growth, and Russia 
‘will for a long time to come be able to keep up its 
‘production; she will maintain it in proportions as 
-large as at present without having to fear the near 
devastation of her forest riches.” 


This, however, refers practically only to the 
State forests, and it is well known that 
enormous areas of private forests have of late 
years been worked out wholesale. On the 
whole I cannot find any proof that Russia will 
be able to keep up her present export for any 
length of time, not to speak of a further in- 
crease. Anyhow, there cannot be any doubt 
whatsoever that the rate at which the timber 
can be delivered on board ship must rise in the 
same degree as the distance of transport from 
the forests to the sea coast increases. 

If we now sum up what has been said about 

European countries, it is clear that the exports 
from Norway have already commenced to fall 
off; that those of Austria-Hungary must soon 
follow in the same way; that Sweden may in- 
crease her exports to a moderate extent; and 
that Russia is at present certainly a doubtful 
factor. Under these circumstances the present 
deficiency of 2,620,000 tons is sure to increase 
because the European sources of supply are 
not likely to meet an additional 600,000 tons 
required annually. Personally, I should not 
be surprised if ten years hence the deficiency 
amounted to two or three times the present 
quantity. Let us see, then, what non- 
European countries can do for us. 

I have endeavoured to bring together the 
data of net exports of as many non-European 
countries as possible; nevertheless, the Table 
which now follows is incomplete :— 


TABLE IX. 
Showing the Inports and Exports of Non-European 
Countries. 
| Net Net 
Countries. Imports. | Exports 
Tons Tons 
South America ............ | 330,000 | X 
Epypt so eeaeaks Naren se. .! 200,000 oh 
Australasia ....00.ecsee cess 160,000 a 
Cape of Good Hope........ 150,000 sie 
Natal ccvceses sae esikot 50,000 | 
Chiba: serisi oraaa 50,000 è 
Mauritius ........ ee eee 20,000 | 
COVION eerie a enh ees as 10,000 oe 
Japán 4.25. ess sewer ce seae es 5,000 
West India, Mexico, New 
Guinea, Honduras........ T 13,000 
West Coast of Africa ...... R 28,000 
Indit seori bb etss o VESS : 55,000 
United States of America.,... as I ,020,000 
Dominion of Canada and 
Newfoundland ...... wus 2,144,000 
Total ......| 975,000 | 3,260,000 
Net Export........' — | 2,285,000 


This Table shows a surplus of exports amount- 
ing to 2,285,000 tons. Compared with the 
deficit of European countries (2,620,000 tons) 
a deficiency of 335,000 tons will be noticed. It 
is due to the incompleteness of Table IX., 
such countries as Siam, Java, Madagascar, 
and others not being represented. Besides, in 
some cases I had to estimate the tonnage from 
the values. 

Dealing first with the importing countries, it 
may be said that South America is likely to 
continue its imports, which consist of light 
coniferous woods. Egypt has no timber of its 
own, and the imports are sure to rise with the 
further development of the country. As regards 
Australasia, it should be stated that New 
South Wales, Victoria, and South Australia 
have of late imported timber in considerable 
quantity, whereas Western Australia, Tas- 
mania, Queensland and New Zealand have 
exported, there being on the whole a balance 
of 160,000 tons annually against Australasia. 
The exports from Western Australia have quite 
lately considerably increased, and they are 
likely to increase further. At the same time 
these timbers are hard woods, of which a 
certain quantity will find a market in Europe, 
but they will never make up for a decrease in 
the light coniferous woods, apart from the 
fact that, up to date, it has not been possible 
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to lay them down in European ports under £4 | available. The only countries which we need 


a ton, or about double what the coniferous 
woods cost us. 

The imports into the Cape of Good Hope 
have steadily increased of late, and they are 
likely to increase further, owing to the political 
changes which have lately taken place, and 
the more rapid development of the mining 
industry, once the war has been brought to a 
conclusion. Natal is similarly situated. 

China is a country which demands our 
special attention. So far her imports have 
been small, but she has little timber of her 
own, and the imports must increase in the 
same degree as her commerce develops. It 
is, perhaps, impossible to say when the great 
rise will commence, but all the signs of the 
times seem to indicate that it will be soon. 
Once the country has been opened to foreign 
commerce and industries, China will require, 
owing to her size, enormous quantities of 
timber, which will come from the western ports 
of North America and perhaps from Asiatic 
Russia. 

Japan has made great efforts to introduce 
systematic management into her forests, but 
she figures in our Table already with a small 
net import. With the rapid development of 
industries Japan will require more and more 
timber, which her own forests will not be able 
to furnish. l 

Taking the importing non-European countries 
together, there can be no doubt whatever that 
their net imports will increase as time goes on. 

The exporting non-European countries are 
those around the Caribean Sea, the West Coast 
of Africa, India, the United States of America, 
and Canada. The first of these export ma- 
hogany and other furniture wood, but they 
import so much lumber that their net exports 
dwindle down to 13,000 tons a year. The 
West Coast of Africa has exported 28,000 tons, 
consisting also of mahogany and other hard 
woods, valued at more than £9 a ton. Whether 
that export will continue or not, it is difficult 
to say, but under any circumstances these 
timbers are so expensive, that they do not 
affect the question here under discussion. 
British India sends teak and some furniture 
woods; more it cannot do, having, with a forest 
area which may be placed at 140,000,000 acres, 
to supply a home population of some 250,000,000 
people. 

There remain, then, the United States of 
America and Canada. Before dealing with 
these countries I propose to devote a few 
minutes to enquire whether other sources are 


at all consider, are Asiatic Russia, Central 
Africa, and South America. The first of these 
three is a big country, it contains extensive 
areas which are classed as woodlands; but a 
great part of the country is practically situated 
beyond the limit of profitable tree growth, 
while other extensive areas are plains without 
forest. Supposing, however, that there is a 
surplus of production for export, the cost of 
transport would be practically prohibitive. The 
outlets by water are towards the North Polar sea, 
involving exceedingly difficult navigation, and 
if transported by land towards the west, tie 
distance would be very great. It is, however, 
not impossible that any surplus timber might 
hereafter go towards China. 

Africa has a belt of wooded country along 
or near the west coast which furnishes us, as 
already stated, with a limited quantity of valu- 
able hard Woods, but from all I can learn, the 
great central forest will, as regards a source of 
timber supply for Europe, remain without much 
value. A brisk trade in caoutchouc has sprung 
up, but the timbers are not of the kind which 
we require in Europe in large quantities, apart 
from the cost of transport to the coast. 
Matters are similar in South America. Vast 
forests are said to exist in Brazil and in parts ` 
of Argentina, but, as far as we know at present, 
they contain only hardwoods of any com- 
mercial value, of which we have as yet a 
sufficient supply at lower rates nearer home. 
At any rate the cost of transport and labour 
seems to be so high that Argentina at any 
rate. prefers importing its timber from North 
America and the Baltic, rather than get it 
from her own forests. Possibly the forest 
wealth of South America may hereafter play a 
part in the supply of timber, but I believe that 
that time is far distant. 

I now come to the most important part of 
my subject, namely, the position which the 
United States of America and Canada take in 
the timber supply of the world. 


THE UNITED STATES OF AMERICA. 


It will be remembered that I have put down 
the net export of late years as equal to 
1,020,000 tons. This is an estimate derived 
from the values. The latest return issued by 
the Bureau of Statistics, Treasury Department, 
Washington, entitled, ‘‘ The Lumber Trade of 
the United States,’’ forms part of the papers 
published in connection with the recent census. 
It contains the following information :— 
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TABLE X. 


Imports and Exports of Wood and Manufactures 
of Wood compared. 


f T rts. E . |NetE : 
Period Value in £ ; Value: inl : Value te ja 
1886-88 .... | 2,662,000 | 4,224,000 | 1,562,000 
1889-91 .... | 3,520,000 | 5,430,000 | 1,910,000 
1892-94 .... | 4,077,000 | 5,345,000 | 1,268,000 
1865-97 .... | 3,928,000 | 6,579,000 | 2,651,000 
1898-1900 .. | 3,264,000 | 8,640,000 | 5,376,000 
Av : f ae a 
verAaBe O! | 3,490,000 | 6,043,000 | 2,553,000 
| 


15 years.. 

This Table gives the value of timber and 
manufactures of wood. Unfortunately, sepa- 
rate returns for timber only are not available. 
It will no doubt cause surprise to see that more 
than half the exports were made good again by 
imports, chiefly from Canada. There has been 
a falling off in imports during the last three 
years, due to customs differences between the 
two countries. The sudden increase in the 
exports during the last five or six years is said 
(in the Report) to be ‘‘ the consequence of the 
high appreciation which European communi- 
ties place on their timber resources, and the 
increased dependence on the American lumber 
supply.’’ It is added that during the last year 
much English and German capital has gone 
into American timber lands.’ This explana- 
tion is correct in a way, but I should express 
it somewhat as follows :—The timber require- 
ments in Europe, especially in Britain, 
Germany, and Belgium, have so rapidly in- 
creased of late years that the European 
sources, that is to say, Russia, Sweden, and 
Austria - Hungary can no longer meet them, 
hence the increased demand on America. This, 
more than anything else, proves to me that, 
any increase in the exports from Russia and 
Sweden will be limited. 

The question then arises, can the United 
States meet this increased demand for any, 
length of time ? I am quite sure that this will 
not be possible, as the following data will 
show :— 

The total wooded area is given as 700,500,000 
acres, being equal to 37 per cent. of the total 
area, and giving an area of nine acres per head 
of population. The timber standing on this 
immense area has been estimated, and it is 
given by one of the foremost authorities as 
equal to 3,450,000,000 tons (reckoning a ton 
equal to 400 feet board measure), which gives 


not quite five tons per acre all round. In 
France, Germany, and Austria this would be 
called about one-tenth of the average full stock- 
ing; hence the United State forests would, as 
regards their yield capacity, for the next half 
century be equal to about 70,000,000 acres in 
France, Germany, or Austria. 

The lumber cut in 1890 is given as equal to 
63,000,000 tons, and it was calculated that the 
existing stand of timber would last for about 50 


years. For the year 1899 the cut is given as 
follows :— 
Coniferous timber .......... 75,000,000 tons. 


Oaks and other hard woods .. 25,000,000 ,, 


Total ee 0eeeee ee 100,000,000 99 


At this rate the available stand would last 
only about 34 years. If during the next ten 
years the annual cut increases at the same rate 
as in the past ten years it will amount to 
137,000,000 tons, and the remaining stand will 
be consumed in about 25 years. Again, the 
annual production has been estimated at 
75,000,000 tons, so that the present annual 
consumption exceeds it by 33 per cent. It is 
stated that besides the cuttings large quanti- 
ties of timber are destroyed annually by fire and 
other sources of loss, so that it is altogether 
probable that the annual growth is consider- 
ably less than the annual destruction. This 
means that the United States consume annually 
not only the legitimate growth or increment 
but also a portion of their capital, a process 
which must inevitably lead to bankruptcy if it 
is not stopped at an early date. The serious- 
ness of the position has fortunately been recog- 
nised, and efforts are being made to introduce 
more conservative lumbering, and to protect 
the forests against the ravages by fire and 
grazing. 

First an enlightened man here and another 
there drew attention to the matter. Soon 
numerous people took up the cry, societies were 
formed, which collected information and made 
it available for the general public. The State 
Governments next took steps to prevent 
destruction by fire, and to save certain areas 
from ruin by converting them into State parks, 
&c. The Federal Government established a 
Forestry Division, whose duty was in the first 
instance to collect information. Some 12 years 
ago a wealthy young American, Mr. Gifford 
Pinchot, came to study forestry in Germany 
and France, and he has been followed by half 
a dozen others, all of whom have made their 
studies under the enlightened guidance of my 
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old friend, Sir D. Brandis. Soon after Mr. | ment, and if the Federal Government persists 
Pinchot’s return to America, Mr. George | in its policy. great benefits for the people of 
Vanderbilt bought a forest estate of 100,000 | the United States, the lumbering and wood- 
acres, and put it under systematic manage- | using industries will result, while the fear of a 
ment, first by Mr. Gifford Pinchot, and then by | prospective timber famine, which has laid hold 
a distinguished young German forest officer, | of the mind of many enlightened Americans, 
Dr. Schenck, with the main object of showing | may yet be avoided. At any rate, it seems 
that forests can be worked profitably. About | clear that the people of the United States are 
two years ago Dr. Schenck started a forest | determined to preserve and adequately manage 
school in connection with Mr. Vanderbilt’s | a sufficient area of furests for the benefit, not 
estate, and last summer I had the pleasure of | only of the present generation, but. for their 
conducting six of his pupils through some of | children and grandchildren. Surely these are 
the most interesting Bavarian forests, these | facts worth pondering over ! 

young men having come tə learn how forest 


matters are managed in the old country. But THE DOMINION OF CANADA. 
this is only one instance. At the present Tons. 
moment forest faculties exist at three American | Mean annual net export of late years.... 2,144,000 


universities. One of these has been endowed The value of the exports during the last 30 
by the State of New York, who have assigned | years have been as follows :— 


TABLE XI. 
Showing the Value of the Exports of Timber from the Dominion of Canada. 


| Annual Export in £. | In Per Cent. 
Period. ; E hog! Wel pete ges | | 
ta. |. Tems Jl Toote gece. < aii To the To other 
Britain. United States. Countries. 5 i Britain. |Jnited States.) Countris. 
1870-79 oe. 062+.) 2,627,000 | 1,481,000 | 428,000 Pm 4,536,000 s 33 9 
1880-89 .......... | 2,212,000 1,876,000 | 389,000 | 4,477,000 | 49 42 9 
1890-99 -o ss ee. | 2,493,000 | 2,427,000 | 327,000 | 5,247,000 | 48 46 6 


- a mmo a = ee o  M 


30,000 acres of forest for the practical in- 
struction of the students. The State of New . 
York has spent £450,000, since 1897, on the 


Of the exports, 94 per cent. are coniferous 
timbers, and 6 per cent. hard woods. The in- 
crease during these 30 years, according to 
purchase of forest lands, the total area so far | value, has been at the rate of about half a per 
required being 1,000,000 acres. | cent. a year. 


i 
| 
. . | 
At another university a faculty of forestry | The price per ton has, however, risen since 
has been endowed by Mr. Gifford Pinchot and | 1870. Taking white pine squared logs, for 
! 
| 
| 


his family, who have presented the university | instance, the average prices were as follows :— 
with the sum of £30,000 for the purpose. But Average price per ton 


over and above this, instruction in forestry is Period. in shillings. 

now given at about 4o other educational estab- 1870-79 ..... ST er are 32 

lishments in the States. 1880-80 sccccsissosccissss 47 
Last but not least, the Federal Government | 1890-99 cceccseessevceccee OF 


has inaugurated a systematic forest policy, The rise inthe price of other timber has been 
An area of 41,000 acres have, by presidential much smaller, but sufficient to show that the 
proclamation, been declared ‘‘reservations,”’ ' total quantity of timber exported is now less 
and a staff of nine superintendents, 39 super- | than it was 30 years ago. 

visors, and 350 forest rangers have been, Canada has not been able to meet the ir- 
appointed. It is said that the patrolling of creasing demand in Europe. The above 
the reserved forests by the rangers has to a_ figures, moreover, show that whereas the ex- 
marked degree reduced the number of fires, ports to Britain have fallen, those to the 
has excluded timber trespassers, and enforced United States have increased, so that practi- 
instructions regulating the subject of sheep- cally the two countries now take equal quanti- 
grazing, timber-cutting and sales. All this is l ties. A moderate reaction has, however, taken 
a small beginning, but it is a promising instal- , place during the last three years, owing to 
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differences between Canada and the United 
States regarding the duty to be paid on timber. 
The exports are chiefly represented by raw 
material. On the other hand, Canada imports 
worked-up timber, chiefly from the United 
States, valued as follows :— 


£ 
Period 1885-39, mean annual value.. 497,000 
ih) 1890-94, 9 39 548,000 
» 1895-99, ” ” 639,000 


These imports have steadily risen. 

It is of the highest importance to inquire into 
the yield capacity of the Canadian forests. 
The following Table shows their areas :— 


TABLE NII. 
Showing the Area of Forest in the Dominion of 
Canada. 
| Percen- Area 
Trovinces. Woeadlends Wood- head of 
Sa Acres landsto popula- 
total tion in 
Area. Acres. 
Prince Edward's Island.......... i §10,000 | 40 § 
Nova Scotia .............065. 4,137,009 ! 31 9 
New Brunswick .................... -, Q,4£0,000 83 29 
Ontario eeoa. | 05.356,°00 | 46 3I 
One bët e e ee to eats: | 74,873,000 5I so 
Manitoba a ee a aa ` 16,401,000 > 40 107 
British Columbia ...... ............ 182,755,000 | 75 1,885 
"Territories {cccccececest assis oes | $40,049,000 29 4,506 
Total 0...00... 709,231,090 | 38 O 163 


In round figures, Canada has 800,000,000 
acres of land classed as forests, but it has been 
stated by the Chief Inspector of Timber and 
Forestry for Canada that only onc-third of the 
area, or 266,000,000 acres, can be considered 
as timber lands, the rest being covered with 
small growth, of some use locally, but of little, 
if any, merchantable value. The area of 
timber lands and the quota per head of popula- 
tion are so great, that no failing of future 
supplies should be possible. Nevertheless, 
Mr. George Johnson, the Statistician of the 
Dominion, gives anything but a flourishing 
account of the state of affairs. The white pine 
used to be the principal item in the exports. 
It has now fallen to one-fifth of the amount of 
30 years ago, spruce having gradually taken 
its place. Of the latter species, enormous 
quantities are said to exist, but cutting has 
developed so rapidly of late, that, as regards 
Ontario, it is stated, ‘‘its increasing use for 
the manufacture of wood pulp, threatens scrious 


inroads upon this valuable tree.” The third of 
the most important trees, the Douglas fir, has 
its principal home in British Columbia ; it 
appears in commerce as Oregon pine. 

From a commerical point of view the forests 
of Canada must be divided into two parts: the 
eastern, which supplies chiefly the United 
States and Europe, and the western, which 
exports also to the United States, to Asia, 
Australia, and other countries. As already 
stated, the eastern half has not responded to 
the extra requirements of Europe, and I doubt 
whether Canada will be able to do so in the 
future, unless decided steps are taken at once 
to start thorough protection and systematic 
management on selected arcas, or, as they 
may be called, reserved State forests. Mr. 
Johnson says :— 

« A large portion of the (eastern) forests has been 
deviled, which means that all good trees have been 
cut out by the lumber men for marketable timber. 
The careless torch has lighted fires like the Miramichi 
fire, which swept with fierce energy over an area of 
more than three million acres, leaving blackened giant 
pines to be a reminder, for more than half a century, 
of the immense destruction there and then caused. 
Vast areas have suffered from fire so severely, that in 
many places the soil has been burned off to the very 
rock; and a century’s disintegrating force will have 
to act upon the rock, before there can be soil enough 
created for practical uses.” 


Again, Mr. Edwards said, in 1893, in the 
Canadian Parliament :— 

“ It is safe to say, and I am sure that every lumber- 
man in this house will bear me out in that statement, 
that /e times the amount of forest wealth has been 
destroyed in Canada through forest fires than has 
been cut by the lumbermen.” 


The cuttings in 1893 were estimated to 
amount to 40,000,000 tons, and if Mr. Edwards 
is right, the annual destruction would amount 
to 400,000,000 tons, or considerably more than 
the existing timber area produces. This is not 
a nice state of things to behold. Since then 
the forest question has attracted more and 
more attention. Measures have been taken to 
introduce a more economical system of lumber- 
ing and to check fires. But what can a small 
establishment do over such vast areas ? Taking 
Quebec, for instance, each fire district com- 
prised, three years ago, an area of three and a 
half million acres of wood lands. This is not 
the way to proceed if real success is to be 
achicved. The Governments of the several 
provinces must make up their minds to select 
and demarcatz a sufficient proportion af the 
area as reserved State forests, and gradually 
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bring them under complete control, and a 
rational and systematic management. Con- 
sidering the large areas available to choose 
from, there should be no difficulty in perma- 
nentlty reserving an area of 100,000,000 acres, 
which would still leave 700,000,000 acres open 
for more or less unrestricted lumbering, ex- 
tension of cultivation, &c. The annual revenue 
derived from the Canadian forests amounts, at 
least, to some £700,000. If half that sum 
were devoted to the above purpose, substantial 
progress could at once be made to secure not 
only the present, but an increased out-turn for 
any length of time, leading ultimately to a 
revenue tenfold, and more, the present amount, 
and securing a permanent supply of coniferous 
and other timber for the world. 

As to the large stocks of timber in Columbia 
any surplus over home requirements will all be 
taken by China, when once that immense 
empire has entered upon an era of develop- 
ment. 

It has been stated in official publications 
that more than £20,000,000 have been invested 
in the Canadian lumber and sawmill industry, 
and that some £5,000,000 are paid annually in 
wages. Surely these are sums not to be trifled 
with, apart from the fact that under a proper 
system of forest management they would be 
capable of developing in the course of time to 
two and three times the present.amounts. 

So far I have hardly touched upon a very 
important matter, the manufacture of paper 
stuff, or pulp and cellulose. There is some 
difficulty of getting at the actual quantities of 
timber consumed by that industry. Those 
used in importing countries, like Britain, 
Germany, France, and Belgium, are included 
in the data given for those countries. As 
regards exporting countries it is stated that— 


Tons. 
Sweden uses now annually «2 1,000,000 
Norway ,, » s .. 1,400,000 
; Finland 99 y) 99 ee 200,000 
Canada ,,_ 5, j about 1,200,000 
Total e.. 3,800,000 


As regards the United States it should be 
stated that a portion of the pulp wood comes 
from Canada, but over and above this, the 
quantity derived from the State forests must be 
very great. For Maine alone the quantity is 
given as equal to 750,000 tons. Ido not think 
that I shall be far out if I place the total annual 
consumption of pulp wood at some 7,000,000 to 
8,000,000 tons. 

In summing up now, I may say, that I tried 
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to give an uncoloured view of the whole 
question. Of hard woods I may safely say, that 
we have as yet a large supply. If present 
sources of supply should fail, others, such as 
Central and South America and Africa, may be 
opened out. The rate per ton may rise, but the 
material will be forthcoming. It is altogether 
different as regards coniferous woods, the 
requirements of which amount to not less than 
85 per cent. of the total. The only countries 
whence a further increase in the consumption 
of these woods can be obtained are Sweden, 
Russia, especially Finland, and Canada. As 
pointed out, Austria and the United States 
must cease to be exporting countries within a 
limited number of years. Sweden is likely to 
yield somewhat more in future, but the amount 
of the possible annual increase is not likely to 
be more than one or 1,500,000 tons. Great 
uncertainty exists as regards Russia. If her 
population increases, as statisticians have lately 
calculated, even her export of timber may 
cease, or at any rate be considerably reduced. 
Under these circumstances, the great stand-by 
for coniferous timber will be Canada, if the 
Government does not lose time in introducing a 
rational management of her forests. 

The second part of my paper will be short. 
In it I propose to draw attention to a few lessons 
which may be learned from what I have said, 
as regards the British Empire as a whole, and 
these islands in particular. The following 
Table shows the average annual net imports 
and exports of the principal parts of the 
Empire :— 

TABLE XIII. 
Showing the Net Imports and Exports of Timber 
into and from the British Empitre.* 


—— 


| 
Annual average dur- 
ing the years 1805-99- 


Annual average dur- 
ing the years 1899-94. 


Countries. 
‘Imports, | Exports, |Imports. | Exports, 
valucin £.|valuein £ |valuein £.|valuein £. 
Great Britain }' 
and Ireland...) 17,505,000 22,100,000 
New South Wales, 467,000 311,000 
Victoria.,.............. | 8 31,000 231,000 
South Australia..., 250,000 198,000 
Ceylon aaeeeo. | | 22,000, 21,000 
Mauritius eesse ¿41,000 37,000 
Natal. enen 99,000 | 176,000 
Cape of Good} l : i 
Hope ............ ) 109,000 | 416,000 
Jamaica ............ 57,000 ' 55,000 
Barbadoes ......... 65,000 ' 33,000 
Trinidad ............, 41,000 wise $0,000 
British Guiana . 41,000 | iy | 27,000 ee 
| 11,000 | 5,000 


Queensland ......... 


® A few Colonics have been omitted for want of data. 
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Tasmania........... ! 39,000 29,000 
Western Australia! oe | 114,0C0 a 77,000 
New Zealand ...... Ps 151,000 Weg 146,000 
British India ...... | 682,000]... 55:00 
West Coast of | | 
frica n. ’ ..% | 22000 oa i: 90,0¢0 
British Honduras | 142,0CO or | 130,000 
Dominion of | | | 
Canada......... aes 4.470,000 ` | 44835,000 
| 


Total ...|19,647,0C0 5,653,000 23,735,000 | 5,885,000 


Net Imports ...... 13,994,0C0 17,850,000 ee i 
Increase in 5 years ..eseseeserorrereerer 3.856,000 ) 
Average annual increase ..................06 771,000 ' 


Average annual increase during pre- | 
vious § years (period 1885-80 com- , | i 
pared with period 1890-94) ............ j | 382,000 : 


It will be observed that the value of the 
annual net imports into the Empire amounted 
during the 


£. 
Period 1895-99 to...csceccseeseeceses 17,850,000 
Period 1890-94 ,, .essssesoossssoessee 13,994,000 
Increase ssc cess cede cee Seeeesseeaes -3j)050,0C0 
Or an average annual increase of ...... 771,000 
Annual increase in the previous 5 years 382,000 


These data are worthy of our most serious 
consideration. With all the forest wealth of 
our Colonies we import now every year timber 
valued at close on £18,coo,000, and the sum 
has lately risen at the rate of £771,000 annually. 
Surely the time has come, or rather it came. 
some time ago, for a more vigorous forest, 
policy on sensible lines throughout the Empire. 
Let us strive to introduce systematic forest 
management, more particularly into Canada 
and Australasia. The question is, no doubt, 
beset by great difficulty, but where there is the 
will there is also a way. Above all, let the 
self-governing Colonies consider a little more 
seriously, than up to date, the magnificent 
example which has been set to them by India, 
where the preservation of the State forests has 
now been put on a safe basis for the everlast- 
ing benefit of the people of the country and the, 
Indian exchequer. This is a case on which I 
should have liked to enlarge had time per- 
mitted it. 

But should we not begin by setting our house 
at home in order before we go and preach 
abroad ? The imports into the United Kingdom 
in 1899 are valued at £25,000,000, and they 
have increased of late years at the rate of 
332,000 tons, valued at £919,000, annually. I 
think I have said enough to-night to show on 
how precarious a footing future supplies rest. 

The price of timber is steadily, though slowly, 
rising, and 87 per cent. of the total imports 
consists of pine and fir timber, the sources of 
which are specially exposed to exhaustion. 
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Whence are we to obtain the 9,000,000 or 
10,000,000 tons of coniferous timber, when 
the countries round the Baltic, und perhaps 
also Canada, have commenced to fail us ? 
These are the timbers which form the 
very staff of life of our building trade, 
and a deficiency of supply in this direc- 


tion must have the most serious effect 
upon the population of these islands. And 
all the time we have sufficient, and more, 


surplus land at home to produce all this timber 
without putting a single acre out of cultivation. 
There are 12,000,000 acres of waste land and 
13,000,000 acres of mountain and heath land to 
hose from the necessary 6,0C0,000 or 7,000,000 
acres. Surely s,25.000,000 going out of the 
country every year, is money enough to take 
some trouble about. Only a few weeks ago Zhe 
Times drew special attention to the fact that 
our imports greatly exceeded the exports, a 
circumstance which fills a good many people 
with misgivings. And here is an item valued 
at £25,000,000, which could be produced at 
home, going begging. 

Whenever measures of extended afforesta- 
tion have been urged, the reply has generally 
been, that the British woodlands are main- 
tained for other purposes, and not for economic 
reasons, and that woodlands in these islands do 
not pay. As regards the first of these two argu- 
ments, very well, let it be so. I do not want to 
touch a single acre of the existing woods (though 
they could be so managed as to give a revenue, 
without interfering with shooting, &c.), let 
them continue to serve as game preserves and 
adornments of the landscape. What I do 
urge, is the creation of additional woods on 
surplus lands to be managed on economic 
principles, for the production of timber and 
other forest produce. To make such a move- 
ment a success, it is, however, necessary to 
dismiss, once for all, the idea that anybody can 
manage woodlands, so that they may be financi- 
ally successful. People must learn that success- 
ful forestry must be based on research, at least, 
At Coopers Hill we 
educate the forest officers required for India, 
and we have also trained three for Cape Colony, 
one for Ceylon, and one for Mauritius. But 
the study at Coopers Hill is so arranged as 
to meet the requirements of India, and the 
expenses connected with the course are neces- 
sarily high. The college belongs to the 
Government of India, which cannot be expected 
to provide for the education of forest experts, 
who will either go to the Colonies, or be em- 


: ployed in the United Kingdom. 
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Efforts have been made towards giving 
instruction in forestry at other places, as 
in Edinburgh; but what we require is at 
least one well equipped forestry faculty at a 
university, such equipment to include a suit- 
able practical training ground. In addit- 
ion, sylvicultural schools are wanted, where 
men of less pretentions may be educated to 
fill the posts of foresters on private estates of 
limited extent. Such a school has been 
started in connection with the Royal Botanic 
Garden at Edinburgh, and it would not be a 
difficult task to develop it, and to start others 
in England and Ireland. I believe that landed 
proprietors would pick up the men trained at 
such schools to carry out the plans which 
experts have prepared for them. It gives me 
real pleasure to state here that plans of opera- 
tion (or working plans, as foresters call them), 
which I prepared three years ago for His Grace 
the Duke of Bedford’s forests in Devonshire 
and at Woburn are being followed and carried 
out by intelligent foresters. Once a year I 
visit each locality, check the work of the past 
twelve months, and indicate what should be 
done in the ensuing year. The effects of such 
operations are naturally slow in showing, but I 
am satisfied that they will lead to a consider- 
able improvement in the yield capacity of these 
forest estates. As in agriculture proper, so in 
forestry, His Grace is leading the way, which 
other proprietors will do well to follow. 

The diffculty about extended afforestation 
in the United Kingdom lies in the fact, that 
the waste lands available for planting are 
almost entirely private property, and that most 
of the proprietors are either unwilling or unable 
to invest money in an undertaking which will 
commence giving a return only after the lapse 
of a series of years. They prefer a present 
small rent from shooting to an increased 
income from forests hereafter. Let us hope 
that the Government and enlightened pro- 
prietors will succeed in overcoming the 
difficulty. It is indeed easy to show, that 
millions of acres, which now yield a grazing 
cevenue of a few pence an acre, or shooting 
cents of perhaps eighteenpence a year, could 
be made to yield a net revenue, after allowing 
compound interest for all outlay, of ten shilings 
and more, if put under forest in a sensible and 
economic manner. With a view to inducing 
owners to plant, Government might help in 
various ways. Advances for the purpose 
might be given, to be recovered in the shape 
of a sinking fund; afforested lands might be 
exempt from taxation for a number of years, 


that is to say, until the first thinnings com- 
mence ; in other words, forests should be taxed 
according to the income which they yield, and 
not the area which they occupy. In other 
cases, as in the congested districts of Ireland, 
and probably also in Scotland and Wales, if 
not in England, surplus lands might be ac- 
quired by the State and put under forest. 
Under the existing land laws, the Congested 
Districts Board of Ireland purchases estates. 
After settling all unoccupied parts with the 
tenants, considerable areas of waste land 
remain over, which should be converted into 
State forests. This is a matter which I pressed 
upon the Government of Ireland 15 years ago. 
There are at least two million acres of such 
land available in Ireland, and still larger areas 
in Scotland, not to speak of Wales and even 
England. By afforestation, additional labour 
would be required in rural districts, and help 
to reduce the eagerness with which the younger 
part of the rural population now flock into the 
great cities, where only too many are destined 
to swell the large army of the unemployed. 
This brings my review of the outlook of the 
world’s timber supply to an end. It is a 
question which has occupied me ever since I 
came back from India sixteen years ago. So 
far not much progress has been made in im- 
pressing the importance of the subject upon 
the people and the Government of this country. 
I can only hope that this, my last appeal, will 
be more fruitful in its effect than has been the 


DISCUSSION. 


The CHAIRMAN said that mankind was indebted 
to solar energy for two sources upon which it could 
draw for the sustentation of human effort and 
industry—coal and timber. There could be no dispute 
that the quantity of coal which the earth crust con- 
tained was limited, and there was not the smallest 
hope that coal would ever be reproduced upon the earth. 
The circumstances were not the same with timber. The 
regenerative and recuperative power of Nature re- 
newed the supply, and, unless mankind was absolutely 
perverse, when a tree was felled, with ordinary care 
another one in due time took its place. Therefore, 
only the indolence, inertia, or the stupidity of man- 
kind stood in the way of a forest system which 
would provide the necessary supplies of fuel and 
timber for man’s needs. By the persistence and fore- 
sight of enlightened men the Government of India 
had established a Forest Service which was an examp‘e 
to the civilised world. The forests not only prc- 
duced a substantial revenue, but in times of famine 
provided the only place where grass grew for the 
support of the starving cattle of the peasants, 
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supplied sleepers for the railways, fuel for the 
locomotives, and sustained the material prosperity 
of our great dependency. On one or two occasions 
he had tried to induce Colonial Governments to 
follow the steps of the Govemment of India. 
After hammering at the door of the Govem- 
ment of Ceylon for many years, he had induced 
that Government to found a Forest Department. 
When it became evident last year that the supply of 
gutta-percha, without which oceanic telegraphy could 
not be carried on, was very limited, a lever was 
obtained by which the Straits Government was induced 
to follow India’s example, and protect its forests. 
The Cape and Natal also established Forest Services 
which had, unfortunately, been abolished in the 
latter colony. The way in which the forests of 
New Zealand had been devastated, was a matter of 
regret to everyone who had the interests of that 
splendid colony at heart. Though Canada’s cir- 
cumstances were to be lamented, a reasonable view 
must be taken of them. In the map of Europe, 
published by Ortelius, in the 17th century, it was 
curious to observe that the whole of North-West- 
ern Europe was covered with the Hyrcanian forest. 
In describing it Ortelius said, “ This forest is so big 
that you can march through it for 40 days and you 
won't come to the end of it.” The Baltic provinces, 
from which England still derived a considerable 
supply of its timber, must have wasted a great deal 
since Ortclius drew his map. The subject must not 
be unreasonably dealt with. If mankind could be 
removed from the surface of the earth, and it were 
left in a natural state, no doubt it would be covered 
with dense forests, which a forester living in a 
neighbouring planet and examining with a telescope 
would regard wirh satisfactiou. Not only trees 
but mankind had to find a place or the sur- 
face of the globe: the two organisms had to live 
side by side, neither being unreasonable, and in such 
a relation that the needs of the one supplied the 
wants of the other. The drift of Dr. Schlich’s argu- 
ment was that mankind had gone too far in cutting 
down the forests, thus coming within a perilous dis- 
tance of suffering from a shortage of wood. Last year, 
in pulling down a greenhouse erected at Kew in the 
time of George III., some absolutely sound baulks of 
white pine were taken out of the building. The 
pine obtainable 100 years ago for building purposes, 
which was nearly as durable as oak, could not now 
be obtained in the market. Young stuff was often 
used for such erections, with the result that in nine 
or ten years they had to be rebuilt. Consequently 
he now used mild steel for greenhouse . buildings. 
In considering the question of the import of wood, it 
must be remembered that England did not grow its 
own cabbages, onions, or, until recently, its 
potatoes. England was “a nation of shopkeepers,” 
who bought in the cheapest market, and it would 


take a great deal to induce English people to culti- 


vate an article expensively at home, when it could be 
bought cheaper abroad. Sugar was practically given 


to the English people, who were told they should 
add to the expenses of the breakfast table by using 
expensive sugar from the colonies. The same argu- 
ment obtained with regard to timber. English- 
men would not go in largely for forestry until 
it was demonstrated that it would return 4 per 
cent. on the capital invested. The great prac- 
tical difficulty of the timber question was that 
there were two kinds of wood — soft and hard. 
The temperate regions grew soft wood and the 
tropics hard. The paradox of the timber business 
was that the tropical countries which produced hard 
wood had to import soft wood from elsewhere. 
Australia was partly temperate and partly warm, but 
tropical on the whole, the woods were hard. The 
present imports of wood from Australia were not per- 
fectly genuine, because a large amount was used for 
the paving of strects. He was not very hopeful that 
Australasia would ever do much to aid the timber 


supply. 


Sir GEORGE Birpwoon, K.C.I.E., C.S.1., wished 
to express his appreciation of the great value of 
Dr. Schlich’s paper, full as: it was of the most im- 
portant information, and also of the Chairman's 
brilliant contribution to the discussion. 


Mr. ALEXANDER SIEMENS confirmed Dr. Schlich’s 
statements with regard to the waste of wood from fire 
in Canada. When timber became too expensive, no 
doubt other materials, such as mild steel, would be 
used in its place. He considered the tropical forests 
of South America might yield more timber, but for 
the fact of the natives being too lazy to fell it. They 
could make an easier living by the collection of india- ` 
rubber and the cultivation of cocoa and coffee. 


Mr. J. S. GAMBLE, F.R.S., thought that if private 
enterprise refused to develop the timber-producing 
powers of the country, forestry societies might 
succeed in doing so. 


Prof. W. R. FISHER thought it was high time 
something definite was done to improve the manage- 
ment of forests inthe British Empire. The foundation 
of the International Sylvicultural Congress was a 
notable step in the right direction. He believed the 
establishment of a School of Forestry at one of the 
great Universities would be attended with great 
success, and would save England’s reputation by 
preventing her being the laughing-stock of Europe 
when the Sylvicultural Congress met in this country. 


Mr. R. H. HOOKER congratulated Dr. Schlich 
upon the capable way in which he had marshalled his 
statistics. He thought too much emphasis had been 


. laid on the increase in the value of wood in the last 
‘five years from 37s. to 43s. 


The price of com- 
modities in general had risen in the same proportion. 
He also doubted whether it was necessary to mini-: 
mise the importance of the large increase in exports 
from America. There had been a boom in trade 
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during the last five years, and exports, imports, and 
prices had gone up together. He considered the 
figures showing the increases for 30 years trading 
were reliable data. 


The CHAIRMAN proposed a hearty vote of thanks 
to Dr. Schlich, which was carried unanimously. 


Dr. SCHLICH, in reply, said that as vegetables grew 
in a season, and timber took a long series of years to 
produce, it was difficult to draw a comparison between 
the supply of the two things. Although for many 
purposes steel aud iron were substituted for timber, 
he found that while during 20 years the popula- 
tion of the United Kingdom had increased 20 per 
cent. the imports of timber had increased 45 per cent. 
Forests were for the benefit of man, and not man for 
the benefit of the forests. If 5 per cent. out of the 
38 per cent. of forest area in Canada were placed 
under systematic management, the remaining 33 per 
cent. being thrown open to the human race, in course 
of time more timber would be obtained from the 
smaller area than from the forests from which the 
present supplies were drawn. In giving figures for the 
increases in 30, 10 and 5 years his object had been to 
place them alongside one another for the purposes of 
comparison. 


Correspondence. 


oo 


THE HISTORIC DEVELOPMENT OF THE 
ART OF MOSAIC. 

An insignificant typographical error in the list of 
Mediæval glass Mosaics appended to Mr. Hayler’s 
instructive paper in this day’s Journal of the Society 
of Arts is most interesting, as at once calling attention 
to the great part played by the Suracens, or rather 
the Byzantine and Alexandrian Greek artists who 
worked for them, in the revival, during the so-called 
“Dark Ages” of Europe, of the ancient art of 
Mosaic; and as Mr. Hayler has tacitly ignored this 
influence, I would wish to supplement his most use- 
ful paper with a few remarks in emphasis it. 

The error occurs in the following entry in his list :— 
“ Cordova, 10th century work — Nirhab [sanctuary] of 
Mosque?’ The word intended is mirhab, ie., 
“niche.” In the mosque of the prophet at Medina a 
large “black stone ” was at first placed against the 
northern wall to mark the direction [giblah, literally 
“ opposite to,” “‘ opposed point”) of the rock as 
Sakrah, on which the Temple at Jerusalem was 
originally built; but on the quarrel of Mahomet 
with the Jews, the stone was removed to the 
southern wall to mark the direction of the Aa 
‘bah [literally ‘the cube ”-shaped,—and even: this 
simple piece of masonry was built by a Greek !], 
the new giblah, at Mecca. Subsequeutly the 
direction of the Aa ‘dah was indicated in all mosques 
[/nasjid, the ‘‘ place of prostration,” i.e., of adoration, 
thanksgiving and prayer, and cognate with sajjadah, 
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the “place of prostration,” the name, among 
Mussulmans, of a small carpet, rug, or mat]; but the 
first to give the mark of indication the form of the 
decorative, architectural #zzrhad it has ever since borne, 
was the Saracen Conqueror of Scinde.* the great 
building Ommiad Caliph [Kalifah] Walid [a.p. 
705-14]; who also added to the primitive mosque of 
Arabia, cloisters, and arches supported by pillars, and 
domes, and minarets. Both the niche, and the so- 
called Saracenic arch, he—7.e¢., the Greeks—obviously, 
in my opinion, took from the niches of Central Asia 
and India, in which he found the image of Buddha 
recessed ; the curve of the arch of these niches 
always closely following, [in order, originally, to save 
labour in rock-cut sculpture], the curves of the head 
and shoulders of the recessed image. But, be 
this as it may, when the Saracens first invaded 
Palestine, they were greatly struck, according to 
Eutychius [Patriarch of Alexandria, A.D. 933-40] 
by the ornamentation of the Church of St. Helena, 
at Bethlehem with glass Mosaic; while one of tke 
conditions of the peace concluded between the 
Caliph Walid and the Greek Emperor Justinian 1I. 
was, according to Ibn Saad (A.D. 844-60] that, the 
latter should furnish the former with a certain 
quantity of ‘‘fsefysa,’’ for the decoration of the 
mosque he was building at Damascus—z.¢., after the 
manner of the decoration, with coloured and 
gilded glass Mosaic, of the Christian Church 
of St. Sophia, at Constantinople. From Damascus 
and Cairo, and subsequently from Baghdad, the art 
spread everywhere with the religion of Islam,— 
eastward into India, and westward into Spain, where 
it culminated in unrivalled splendour at Seville, and 
Cordova, and Granada. Hence it is that the word 
“« Mosaic `’ [first used by Ælius Spartianus A.D. 293, 
and later by Trebellius Pollio, A.p. 320, and Aurelius 
Augustus, A.D. 430] has been ignorantly derived 
from ‘‘ mosque,” an etymology almost as absurd as 
that which derives the word from Moses! The word 
is, in fact, a doublet of ‘‘ Musæum ” (cf. ‘* Muszea,”’ 
literally * temples of the Muses,” the Roman grottoes, 
formed of a rude Mosaic of pumice stones, for the 
purpose of giving them artificially an appearance of 
natural caverns] and ‘‘ Music ”; while Mosaic itself is 
what was, in late Latin, called ‘opus Musivum,’’ 
or artistic ‘‘pavimentum ”; and that we use the 
word, not in its Latin form, but in its late Greek 
form—that is A/ousaikos [an extension of Afouseion, 
neuter of Afouseios, ‘ appertaining to the Muses,” 
“ decorative ’’]—is due to the revival of the art, from 
the 11th century in Europe, having been initiated not 
by the Italians, but by the Byzantine Greeks. As for 
the word ‘‘ mosque,” it is a comparatively modern 
corruption, through the Spanish and French, of 
masjid; and undoubtedly the first masjid made by 
human hands for the use of the Arabs, was none other 
than the sayyadak, or *‘ prayer carpet ° ; while before 
that they found the house of God and gate of Heaven 


* His Gencral, Muhammad bin Kassim, over-ran Guzerat, 
A.D. 715-8. 
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under any green tree in a desert place. Carpets, 
whether used for covering floors and walls, or as 
awnings, were also the original inspiration of the 
chromatic architectural decoration of ceilings, walls, 
and floors*; and the art of Mosaic began with the 
decoration of prepared roads and passages and floors ; 
and hence the earliest designation of it among the 
Romans was ‘‘ pavimentum.” With them ‘ pavimen- 
tum” [from pavio, pavir, pavitum, ‘‘ to tread down,” 
“beat down,” “ ram down,” and cf.: sterno, stravi, 
stratum, ‘‘to stew,” “to level,’ ‘to stretch out,” 
and stratura, ‘“‘ pavement,’ as we understand the 
word] was either of beaten and levelled lime, or 
similar material, left plain or decorated, or of beaten 
and levelled stone, brick, potsherd, or similar material, 
as glass, left plain or decorated. Under the former 
head they discriminated :—1, ‘“‘ p. arenatum,” com- 
posed of pounded lime and sand; 2, “p. marmora- 
tum,” composed of lime pounded with marble or 
cale-spar ; 3, ‘‘p. Græcanicum,” composed of lime 
pounded with ashes and charcoal, to represent black 
marble; 4, a pavimentum, composed as No. I or 2, 
decorated with coloured designs applied to it while 
damp, and fixed by the gradual drying, and hardening 
of its surface, after the manner of what we cal] 
al fresco painting ; 5, a similar stucco [‘‘ opus albar- 
ium”) to the already dried surface of which the 
colours are applied with a size, after the manner of 
what we call tempera [* distemper”) painting; 6, a 
similar stucco, on the already hardened surface of 
which the colours are applied with wax, and then 
burnt in with “the actual cautery”; 7, a similar 
stucco or plaster, levelled in two layers, the lower of 
some dark colour, and the upper white, the decorative 
design being etched through the white surface to the 
dark ground, after the manner of the work we call 
sgrafito. Of these “ pavimenta,” Nos. 1, 2 and 3 are 
commonly prepared in India to this day; No. 4, or, 
perhaps, 5, is illustrated by the pavement of the 
Megaron of Tiryns, dating from before ‘‘ the Trojan 
War,” and decorated after the manner of the blue 
and white cross-striped cotton carpets [dari] of 
India; and No. § is certainly illustrated by the 
mural paintings of Pompeii. Of No. 6 there are no 
ancient examples extant, but it is beautifully illus- 
trated by the “ pavimentum encausticum’’ so widely 
used in Europe during the Middle Ages for architec- 
tural decoration: while the process followed in the 
preparation of these ‘‘encaustic tiles’’ was closely 
allied to the engobe [literally ‘stuffing’’] process 
followed in the ornamentation of both ancient [Greek 
Lecythi] and modern pottery, in which the colours 
are worked into a “slip,” or “slop,” of fine clay, 
and fixed at low temperatures. Both processes 
gradually pass into the process for the decoration 
of pottery by glazing, glassing, or enamelling, z.e., by 
mixing such substances as tin, or lead, with such 
substances as salt, or flint, and developing and fixing 
the colours determined on by fusion and vitrification 


rom dafrs, lapis, or tapes, ‘a carpet.” 


at high temperatures: and this last process connects 
earthern and porcelain wares with Mosaics } roper. 
Of course none of the numbers from | to 5, inclusive, 
can be classed as Mosaics—which are inlaid, and 
artistic “ pavimenta.” The “ pavimenta ” of rammed, 
or otherwise inlaid, stone or brick, or other similar 
materials known to the Romans, were as follows : — 
1,—‘‘p: testaceum,” composed of rammed potsherds ; 
2,—“p: lithostrotum” (i.e. ““stone-stratum,”’ *‘ road,” 
or “street ’’] laid with pclygonal flags of silicious 
lava; 3,—‘‘p: optostrotum ” [z.¢. ‘‘ baked stratum `°, 
laid with bricks, often set in imitation of the arrange- 
ment of the seed-like ‘‘ grains” on a ear of whe3', 
[“ opus spicatum ’’*], or, as we say, ‘‘ herring bone ’’ 
wise; 4,—‘‘p: subtegulaneum”’ [i.ec. ‘under the 
roof], the paved floor of a room, or indoor passage ; 
§,—“‘ p: subdialium,’’ an open air pavement, par- 
ticularly on the flat roofs of houses, or on garden 
terraces; 6,—‘‘p: sectile’’ [ż.e. ‘cut’? ] composed of 
different coloured marbles cut into regular forms,— 
favus or ‘‘honeycomb’’; “ trigonum or triangular ” ; 
scutula or “‘ lozenge ” ; and tessera, with its diminu- 
tive tessella or ‘‘cube’’; and of abaculi, small tiles 
or dice [tesserze] of glass stained of various colours, 
in imitation of precious stones; 7,—‘‘ p: tessellatum,” 
or ‘‘tesseris structum,’ a sectile pavement of laige 
tesserze ; 8,—‘‘p: vermiculatum”’ a sectile pavement 
of smaller tessere, arranged not in diapers, 
of geometrical figures, but so as to represent natural 
objects,—the ‘opus majus,” being composed of 
larger tesserze, the “ opus medium’’ of smaller, and 
the ‘‘opus minus” of very minute and delicate 
tesseræ, like the spiculze used in the ‘‘ Roman” and 
“« Venetian ” mosaics of the present day; 8,— “p: 
scalpturatum,” in which the marble was cut out in 
the shape of the figure intended to be represented, as 
in the ‘‘ Florentine” [lavori di comesso) and Agra 
mosaics of to-day; and sometimes was further en- 
graved after the manner of the Triquetri marbles in 
the Albert Memorial Chapel, at Windsor; and 9,— 
“p: Alexandrinum,” ‘ Alexandrinum opus,” a 
variety of sectile pavement, of red and black marble 
inlaid in white marble, in elaborate geometrical 
figures. Gradually the term ‘“lithostrotum” came 
to signify among the Romans exclusively what they 
later understood by ‘‘opus Musivum,’’ or Mosaic 
proper; thus Pliny xxxvi., 60 (25) :—‘‘ Pavimenta 
originem apud Græcos habent elaborate arle, picture 
ratione, donec lithostrota [7.e., Mosaics] expulere 
eam’ [A : xxxvi., 42 (21), and xxxv., I (1). Of 
course, as Mr. Hayler points out, “ Pavimentum ” in 
all its varieties was known long before the times of 
the Greeks and Romans. Beside the ancient 
Egyptian examples of it cited by Mr. Hayler, there 
is the example provided by the processional pavement 


* Some of the forms of Roman “pavimenta ” are difficult 


to distinguish from masonry. In the nomenclature of the 


latter art, ‘“ opus incertum ” was built up of rough stones; 
“ opus reticulatum ”’ (dicfyothkecon of Greeks] of diamond- 
shaped stones; and ‘‘opus spicatum” of bricks arranged 
“herring-bone” wise, as seen in the walls of Pevensey 
Castle. 


March I, 1901 J 


of the god Marduck, recently discovered in Babylon 
by D. Koldeway, composed of large flags of limestone 
intersected by smal] quarrels of red breccia, each 
bearing the name of Nebuchadnezzar. In the 
palaces of Nineveh we find floors of beaten earth, 
and of lime plaster, as in India, and of brick, and also 
of limestone flags, varied on the thresholds by door. sills 
of alabaster, carved with designs identical with those 
still to be seen on Indian carpets; and the jambs 
and lintels of the doors decorated with cones of terra 
cotta, glazed in various colours on the flat ends, and 
fixed by the pointed ends in plaster, in such a manner 
as to produce a great variety of gay and geometrical 
patterns. In the Bible, in the account [Esther i. 6)] 
of the six months feasting given by Ahasuerus 
[Xerxes], to arrange for the third invasion of Greece, 
we are told that the gold and silver beds in the palace 
of Sushan were stood upon a pavement of red 
[? porphyry] and blue [? lapis lazuli], and white 
(? alabaster], and black marble. The “ Alexandrinum 
opus ” of the 3rd and 4th centuries, A.D., was the direct 
forerunner of the characteristic so-called ‘ Arabesque 
work ’’* of the Saracens. They had indeed from the 
first used glazed tiles for the decoration of the exterios 
and interiors of their houses; and the art of these tiles 
had come down to them in an unbroken tradition from 
ancient Egypt, Babylonia, Assyria, and Persia. But the 
manufacture of glazed tiles had fallen into comparative 
neglect throughout Anterior Asia for some time before 
the rise of the Saracen power, and it was the conquests 
of Chingiz Khan, A.D. 1218-26, whioh would appear 
to have revived it throughout all the countries of 
Islam,t this revival originating probably in China, 
which, with Southern India, continues to the present 
day to be a rich reserve of the decorative arts of 
Chaldzea and Babylonia. 
That the art of true Mosaic work was derived by 
the Saracens directly from the Greeks of Alexandria 
and Constantinople is proved by the Caliph Walid 
applying to it the term sfefysa.t This is the Greek 


* To this day the ‘* Arabesque"? embroidery of Cairo is 
all done by Greeks ! 


+ Compare the footnote, vol. i., pp. 287-8, of Sir Walter 
Armstrong’s translation of Perrot and Chipicz’s “ History of 
Art in Chaldica and Assyria; ’’ Chapman and Hall, 1884. 


+ The ordinary present names in Persia, Syria, and Egypt 
of Mosaic work are musai and musavi, and also khatme 
[ring work,” ‘‘seal work'’), and arsi. But the last term 
is strictly applicable only to inlays of wood. It means the 
work, orstyle, “of Tars,” and isthe Tarsia, Intarsia, or Tarsit- 
ura of the Italians, who, during the 4th and 15th centuries, 
through the Venctians, derived this beautiful art of surface 
decoration for furniture from Persia. Originally Tarsia was 
of ebony, ivory [sometimes stained green], and brass or 
pewter wire, inlaid in wood, in geometrical patterns only, as 
in the “SArrazi boxes” and the “ Bombay boxes ” of the 
present day. [See my Memo.: “Bombay Branch Royal 
Asiatic Society,” Vol. VII., 1861-3.] But in Europe: Tarsia 
now includes inlays of all sorts of stained woods, representing 
buildings, figures, landscapes. sometimes enclosed within a 
geometrically designed bordering, as on the covers of 
“ Sorrento boxes.” Certosina,so named after the celebrated 
Carthusian monastery between ‘ Milan the Grand” and 


JOURNAL OF THE SOCIETY OF ARTS. 


ie 


psephosis [from psephos “a pebble,” and compare 
psephetos *‘ inlaid with tesserx,” and psephotetes “a 
worker in Mosaic]; and that the fsefysa of Walid was 
glass Mosaic may be inferred absolutely from the deco- 
ration of the contemporary Greek churches of St. 
Sophia, at Constantinople and Salonica, and the round 
temples at Salonica and Ravenna. The revival of 
Mosaic work in India, under the Mo(u)gul Emperors, 
was due, partly, to still surviving Saracenic influences, 
but chiefly to the influence of the Italian artists, who, 
during their magnificent reigns, were attracted to 
India. The Italians of the Renaissance developed 
two forms of Mosaic, the Mosaic of the modern 
Romans, the ‘‘opus minus vermiculatum”’ of the 
ancient Romans, and the Mosaic of the modem 
Florentines, the ‘‘ pavimentum scalpturatum’”’ of the 
ancient Romans. It was the latter Mosaic, in 
pietra dura, that the Italians used in the decoration 
of the Taj at Agra, and which has ever since survived 
there as a local art, with a character of its own, at 
once racy of the soil, and of high artistic merit. 
About sixty years ago the manufacture of it was 
greatly stimulated by the exertions of Dr. T. Murray, 
Inspector-General of Hospitals, Bengal. When I 
wrote my “ Handbook to the British Indian Section 
of the Paris Exhition of 1878;” the leading Musivarii 
(not Tessellarii] at Agra, were two Hindus, named 
Natu and Parusram. 


16th February, 1900. GEORGE BIRDWOOD. 


MEETINGS OF THE SOCIETY. 
ORDINARY MEETINGS. 


Wednesday evenings, at Eight o’clock :— 


MARCH 6.—‘‘ Modern Artillery.” By LIEUT. 
ARTHUR TREVOR DAWSON, late R.N. SIR 
BENJAMIN BAKER, K.C.M.G., will preside. 


‘learned Pavia.” where it was first employed in the decoration 
of the choir, is an ennobled variety of Tarsia, in which ivory 
is inlaid in solid wood—cypress, or walnut, or ebony. In the 
Tarsia, which takes the name of Reisener, exquisite wreaths 
of flowers are set on plain surfaces of wood, or within pannels 
bounded by diapers, or lines, of quiet colours. In the costly 
Tarsia named after Boule, thin brass, with sometimes ivory 
and enamelled metals, is inlaid in tortoiseshell. Parquetry 
is Tarsia used for flooring; and Marquetry, literally ‘ marked,” 
“ diversified,” “variegated,” work, is synonymous with 
Tarsia, in the original sense of that term, and includes all 
varictics and applications of wood inlay. When Tarsia or 
Marquetry is combined with Mosaic work, as in the 
Florentine furniture ornamented with the so-called “Mosaic 
in high relief ’’—which is really minor sculpture—it becomes 
difficult to define between them; but the limits of Mosaic 
proper are sufficiently indicated by its earlier Grieco- Latin 
name, “ lithostroton,” and earlier Greek name, ‘‘ psephosis.” 
Mosaic is ‘‘artistic’’ “ stone [and glass] inlay,” and all wood 
inlay is Tarsi, Tarsia, or Marquetry. The Greeks and 
Romans practised the art of wood inlay at least in the form 
of simple veneers; but they had apparently no name for 
either marquetry or veneering. (Compare Pliny, xvi. 83, 84 
(43)]. 
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INDIAN SECTION. 
Thursday afternoons, at 4.30 o’clock :— 


MARCH 14.—“‘ The Growth and Trend of Indian 
Trade—A Forty Years’ Survey.” By HENRY JOHN 
Tozer, M.A. The Right. Hon. the LORD GEORGE 
HAMILTON, M.P., will preside. 


COLONIAL SECTION. 


Tuesday afternoons, at 4.30 o’clock :— 

MARCH 26.—‘‘ The Commonwealth of Australia.” 
By the Hon. SIR JOHN ALEXANDER COCKBURN, 
K.C.M.G. 


APPLIED ART SECTION 

Tuesday evenings, at 8 o’clock :— 

MARCH 5.—‘‘ Early Playing Cards and their Deco- 
ration.” By RICHARD STEELE. SIDNEY COLVIN, 
M.A., Keeper of Prints and Drawings British 
Museum, will preside. 


CANTOR LECTURES. 


Monday evenings, at 8 o’clock :— 
W. J. Pore, ‘‘ The Bearings of Geometry on the 
Chemistry of Fermentaticn.’’ Four Lectures. 
LECTURE IV.—MARCH 4. 
Applications of stereo-isomerism to brewing and 
to the study of fermentation—The nature of fer- 
mentation—Organised and un-organised ferments— 
The discriminative effect of the lower organisms 
upon stereo-isomerides, and more particularly upon 
the stereo-isomeric sugars—The physiological action 
of stereo-isomerides. 


SPECIAL LECTURES. 
Friday evenings, April 26, May, 3, 10, 17:— 
ALFRED C. EBORALL, A.I.E.E., ‘‘ Polyphase 
Electric Working.” 


MEETINGS FOR THE ENSUING WEEK. 


Moxpay, Marcu 4..SOCIETY OF ARTS, John-street, 
Adelphi, W.C., 8 p.m. (Cantor Lectures.) Mr. 
W. J, Pope, “The Bearings of Geomctry on the 
Chemistry of Fermentation.” (Lecture IV.) 

Farmers’ Club, Salisbury-square Hotel, Flect-strect, 
F.C.,4 p.m. Mr. C.S. Read, “ Pure Beer.” 

Engincers, in the ‘Theatre of the United Service 
Institution, Whitchall, S.W., 74 p.m. Mr. Gerard 
J. G. Jensen, “ Notes on Certain Details of Drain- 
age Construction.”’ 

Chemical Industry (London Section), Burlington- 
house, W., 8 p.m. 1. Discussion on “ The Occur- 
rence and the Detection of Arsenic in Manu- 
factured Products.” 2. Dr. W. Newton, “A New 
System for the Manufacture of Borax and Nitrates.” 

Imperial Institute, South Kensington, S.W., 8} p.m. 
Mr. W. A. Hickman, “The Maritime Provinces of 
Canada.” 

Medical, 11, Chandos-street, W., 8} p.m. 

Victoria Institute, 8, Adelphi-terrace, W.C., 4} p.m. 
Rev. G. E. White, * Hittite Cities—Eynk and 
Boghas.”’ 

Biblical Archzology, 37, Great Russcll-stroet, W.C., 
8 p.m. 
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Tusspay, Marcu s..SOCIETY OF ARTS, John-street, 
Adelphi, W.C., 8 p.m. (Applied Art Section.) 
Mr. Robert Steele, “ Early Playing Cards and 
their Decoration.” 

Royal Institution, Albemarle-street, W., 3 p.m. 
Dr. A. Macfadyen, “The Cell as the Unit of 
Life.” (Lecture II.) 

Civil Engineers, 25, Great George-street, S.W., 
8 p.m. Discussion on Messrs. W. H. Stanger and 
Bertram Blount’s paper, ‘‘ The Rotatory Process 
of Cement Manufacture.’’ 

Pathological, 20, Hanover-square, W., 8} p.m. 

Photographic, 66, Russell-square, W.C., 8 p.m. 
Mr. W. B. Ferguson, * Rome.” 

Zoological, 3, Hanover-square, W., 8} p.m. 1. Dr. 
A. Smith Woodward, * Some Extinct Reptiles 
from Patagonia, of the Genera Mriolanta, Dini- 
fysra, and Genyodectes”? 2. Mr. R. H. Burne, 
‘*Note on the Innervation of the supra-orbital 
Canal in Chimera monstrosa.” 3. Mr. F. E. 
Beddard, “ Contributions to the Knowledge of the 
Structure and Systematic Arrangement of Earth- 
worms.” 


WEDNESDAY, Marcu 6... SOCIETY OF ARTS, John-street, 
Adelphi, W.C., 8 p.m.  Licut. Arthur Trevor 
Dawson, ‘‘ Modern Artillery.” 

Geological, Burlington-house, W., 8 p.m. 

Archzxological Association, 32, Sackville-street, W., 
8 p.m. 

Obstetrical, 20, Hanover-square, W., 8 p.m. 

Archzcological Institution, Oxford Mansion, Oxford- 
strect, W., 4 p.m. 

Tuurspay, Marcu 7...Royal, Burlington-house, W., 4} p.m. 

Antiquaries, Burlington-house, W., 8} p.m. 

Linnean, Burlington-house, W., 8 p.m. 1. Messrs. 
W. West and G. S. West, “ A Contribution to the 
Fresh-water Algie of Ceylon.” 2. Mr. A. O. 
Walker, ‘‘ Mediterranean Malacostraca.” 

Chemical, Burlington-house, W., 8 p.m. 1. Mr. 
J. J. Sudborough, (a) ‘Nomenclature of the 
Acid Esters of Unsymmetrical Dibasic Acids.” 
(4) “ Additive Compounds of a- and §-Napthyla- 
mine with Trinitrobenzene Derivatives.” (c) 
“ Acctylation of Arylamines.’’ 2. Messrs. R. H. 
Pickard and W. Carter, “ Formation of Amides 
from Aldehydes.” 

Society for the Encouragement of Fine Arts, 9, 
Conduit-strect, W., 8 p.m.. Mr. C. T. Keyser, 
“ Sculptured Tympana of Norman Doorways.” 

Royal Institution, Albemarle-street, W., 3 p.m. 
Prof. Percy Gardner, * Greek and Roman Portrait 
Sculpture.” (Lecture IT.) 

Electrical Engincers, 25, Great George-street, S.W., 
8 pm. Mr. M. O'Gorman, “Insulation on 
Cables.” 

Camera Club, Charing-cross-road, W.C., 8} p.m. 
Mr. A. Burchett, Light and Shade.” 

Civil and Mechanical Engineers, Hotel Victoria, 
Northumberland-avenue, W.C., 8 p.m. Mr.J. R. 
Bell, ‘‘ Authoritative Rules for Unit Stresses in 
Railway Girders.” 

Junior Engineers, Westminster Palace Hotel, S.W., 
8 p.m. Mr. A. H. Barker, “ Works Manage- 
ment.” (Lecture II.) 

Fripay, Marcu 8...Royal Institution, Albemarle-street, W., 
8 p.m. Weekly Meeting, 9 p.m. Mr. W. A. 
Shenstone, ‘‘ Vitrified Quartz.” 

Astronomical, Hurlington-house, 5 p.m. 

Clinical, 20, Hanover-square, W., 8} p.m. 

Physical, Chemical Seciety’s Rooms, Burlington- 
house, W., s p.m. 

SATURDAY, Marcu g...Royal Institution, Albemarle-street, 
W., 3 p.m. Lord Rayleigh, ‘‘Sound and Vibra- 
tions.” (Lecture Ill.) 
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All communications for the Society should be addressed to 
the Secretary, Fohu-street, Adelphi, London, W.C. 


Notices. 
a 
CANTOR LECTURES. 


Mr. W. J. Pope delivered the fourth and 
concluding lecture of his course on ‘ The 
Bearings of Geometry on the Chemistry of 
Fermentation,’’ on Monday evening, March 4th. 

On the motion of the CHAIRMAN, a vote of 
thanks to the lecturer was passed. 

The lectures will be published in the Journal 
during the summer recess. 


APPLIED ART SECTION. 


Tuesday evening, March sth ; SIDNEY 
COLVIN, M.A., Keeper of Prints and Draw- 
ings, British Museum, inthe chair. The paper 
read was on “ Early Playing Cards and their 
Decoration,” by ROBERT STEELE, F.S.A. 

The paper and report of the discussion 
will be published in a future number of the 
Fournal. 


THE ALBERT MEDAL. 


The Council will proceed to consider the 
award of the Albert Medal for 1901 early in 
May next, and they, therefore, invite members 
of the Society to forward to the Secretary, on 
or before the 6th of April, the names of such 
men of high distinction as they may think 
worthy of this honour. The medal was struck 
to reward ‘‘ distinguished merit in promoting 
Arts, Manufactures, and Commerce,’’ and has 
been awarded as follows in previous years :— 


In 1864, to Sir Rowland Hill, K.C.B., F.R.S., 
“for his great services to Arts, Manufactures, and 
Commerce, in the creation of the penny postage, and 
for his other reforms in the postal system of this 
country, the benefits of which have, however, not 
been confined to this country, but have extended over 
the civilised world.” 


In 1865, to his Imperial Majesty, Napoleon III., 
‘ for distinguished merit in promoting, in many ways, 
by his personal exertions, the international progress 
of Arts, Manufactures, and Commerce, the proofs of 
which are afforded by his judicious patronage of Art, 
his enlightened commercial policy, and especially by 
the abolition of passports in favour of British sub- 
jects.” 

In 1866, to Michael Faraday, D.C.L., F.R.S. 
“ for discoveries in electricity, magnetism, and 
chemistry, which, in their relation to the industries 
of the world, have so largely promoted Arts, Manu- 
factures, and Commerce.” 

In 1867, to Mr. (afterwards Sir) W. Fothergill 
Cooke and Professor (afterwards Sir) Charles Wheat- 
stone, F.R.S., “in recognition of their joint labours 
in establishing the first electric telegraph.” 

In 1868, to Mr. (afterwards Sir) Joseph Whitworth, 
LL.D., F.R.S., “for the invention and manufacture 
of instruments of measurement and uniform standards 
by which the production of machinery has been 
bróught to a state of perfection hitherto unap- 
proached, to the great advancement of Arts, Manu- 
factures, and Commerce.” 

In 1869, to Baron Justus von Liebig, Associate of 
the Institute of France, For. Memb. R.S., Chevalier 
of the Legion of Honour, &c., ‘for his numerous 
valuable researches and writings, which have con- 
tributed most importantly to the development of 
food economy and agriculture, to the advancement 
of chemical science, and to the benefits derived 
from that science by Arts, Manufactures, and Com- 
merce.”’ | 

In 1870, to Vicomte Ferdinand de Lesseps, 
Member of the Institute of France, Hon. G.C.S.I., 
‘‘for services rendered to Arts, Manufactures, and 
Commerce, by the realisation of the Suez Canal.’’ 

In 1871, to Mr. (afterwards Sir) Henry Cole» 
K.C.B., “for his important services in promoting 
Arts, Manufactures, and Commerce, especially in 
aiding the establishment and development of Inter- 
national Exhibitions, the Department of Science and 
Art, and the South Kensington Museum.”’ 

In 1872, to Mr. (afterwards Sir) Henry Bessemer, 
F.R.S., “for the eminent services rendered by him 
to Arts, Manufactures, and Commerce, in developing 
the manufacture of steel.” 

In 1873, to Michel Eugène Chevreul, For. Memb. 
R.S., Member of the Institute of France, “ for his 
chemical researches, especially in reference to saponi- 
fication, dyeing, agriculture, and natural history, which 
for more than half a century have exercised a wide 
influence on the industrial arts of the world.” 

In 1874, to Mr. (afterwards Sir) C. W. Siemens, 
D.C.L., F.R.S., “ for his researches in connection 
with the laws of heat, and the practical applications 
of them to furnaces used in the Arts; and for his 
improvements in the manufacture of iron; and gener- 
ally for the services rendered by him in connection 
with economisation of fuel in its various applications 
to Manufactures and the Arts.” 
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In 1875, to Michel Chevalier, ‘‘ the distinguished 
French statesman, who, by his writings and persistent 
exertions, extending over many years, has rendered 
essential services in promoting Arts, Manufactures, 
and Commerce.” 

In 1876, to Sir George B. Airy, K.C.B., F.R.S., 
Astronomer Royal, ‘for eminent services rendered 
to Commerce by his researches in nautical astronomy 
and in magnetism, and by his improvements in the 
application of the mariner’s compass to the navigation 
of iron ships.” 

In 1877, to Jean Baptiste Dumas, For. Memb. R.S., 
Member of the Institute of France, ‘the distinguished 
chemist, whose researches have exercised a very 
material influence on the advancement of the 
Industrial Arts.” 

In 1878, to Sir Wm. G. Armstrong (afterwards Lord 
Armstrong), C.B., D.C.L., F.R.S., “ because of his 
distinction as an engineer and as a scientific man, 
and because by the development of the transmission 
of power—hydraulically—due to his constant efforts, 
extending over many years, the manufactures of this 
country have been greatly aided, and mechanical 
power beneficially substituted for most laborious and 
injurious labour.” 

In 1879, to Sir William Thomson (now Lord 
Kelvin), LL.D., D.C.L., F.R.S., “on account of 
the signal service rendered to Arts, Manufactures, 
and Commerce, by his electrical researches, especially 
with reference to the transmission of telegraphic 
messages over ocean cables.” 

In 1880, to James Prescott Joule, LL.D., D.C.L., 
F.R.S., “ for having established, after most laborious 
research, the true relation between heat, electricity, 
and mechanical work, thus affording to the engineer 
a sure guide in the application of science to industrial 
pursuits.” 

In 1881, to August Wilhelm Hofmann, M.D., 
LL.D., F.R.S., Professor of Chemistry in the 
University of Berlin, “ for eminent services rendered 
to the Industrial Arts by his investigations in organic 
chemistry, and for his successful labour in promoting 
the cultivation of chemical education and research in 
England.” 

In 1882, to Louis Pasteur, Member of the Institute 
of France, For. Memb. R.S., “for his researches in 
connection with fermentation, the preservation of 
wines, and the propagation of zymotic diseases in 
silkworms and domestic animals, whereby the arts 
of wine-making, silk production, and agriculture 
have been greatly benefited.” 

In 1883, to Sir Joseph Dalton Hooker, K.C.S.I., 
C.B., M.D., D.C.L., LL.D., F.R.S., ‘‘for the 
eminent services which, as a botanist and scientific 
traveller, and as Director of the National Botanical 
Department, he has rendered to the Arts, Manufac- 
tures, and Commerce by promoting an accurate know- 
ledge of the floras and economic vegetable products of 
our several colonies and dependencies of the Empire.” 

In 1884, to Captain James Buchanan Eads, “ the 
distinguished American engineer, whose works have 


been of such great service in improving the water 
communications of North America, and have thereby 
rendered valuable aid to the commerce of the world.’’ 

In 1885, to Mr. (afterwards Sir) Henry Doulton, ‘‘in 
recognition of the impulse given by him to the pro- 
duction of artistic pottery in this country.” 

In 1886, to Samuel Cunliffe Lister (now Lord 
Masham), “ for the services he has rendered to the 
textile industries, especially by the substitution of 
mechanical wool combing for hand combing, and by 
the introduction and development of a new industry 
—the utilisation of waste silk.” 

In 1887, to HER MAJESTY QUEEN VICTORIA, “ in 
commemoration of the progress of Arts, Manufactures, 
and Commerce throughout the Empire during the 
fifty years of her reign.”’ 

In 1888, to Professor Hermann Louis Helmholtz, 
For. Memb.R.S., “in recognition of the value of 
his researches in various branches of science and of 
their practical results upon music, painting, and the 
useful arts.”’ 

In 1889, to John Percy, LL.D., F.R.S., “for his 
achievements in promoting the Arts, Manufactures, 
and Commerce, through the world-wide influence 
which his researches and writings have had upon the 
progress of the science and practice of metallurgy.” 

In 1890, to William Henry Perkin, F.R.S., ‘for 
his discovery of the method of obtaining colouring 
matter from coal tar, a discovery which led to the 
establishment of a new and important industry, and 
to the utilisation of large quantities of a previously 
worthless material.” 

In 1891, to Sir Frederick Abel, Bart., G.C.V.O., 
K.C.B.,D.C.L.,D.Sc., F.R.S., “in recognition of the 
manner in which he has promoted several important 
classes of the Arts and Manufactures, by the application 
of Chemical Science, and especially by his researches 
in the manufacture of iron and of steel; and also in 
acknowledgment of the great services he has rendered 
to the State in the provision of improved war material, 
and as Chemist to the War Department.” 

In 1892, to Thomas Alva Edison, “in recognition 
of the merits of his numerous and valuable inventions, 
especially his improvements in telegraphy, in tele- 
phony, and in electric lighting, and for his discovery 
of a means of reproducing vocal sounds by the phono- 
graph.” 

In 1893, to Sir John Bennet Lawes, Bart., F.R.S., 
and Sir Henry Gilbert, Ph.D., F.R.S., “for their 
joint services to scientific agriculture, and notably for 
the researches which, throughout a period of fifty 
years, have been carried on by them at the Experi- 
mental Farm, Rothamsted.” 

In 1894, to Sir Joseph (now Lord) Lister, F.R.S., 
‘“ for the discovery and establishment of the antiseptic 
method of treating wounds and injuries by which not 
only has the art of surgery being generally promoted, 
and human life saved in all parts of the world, but 
extensive industries have been created for the supply 
of materials required for carrying the treatment into 
effect.” 
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In 1895, to Sir Isaac Lowthian Bell, Bart., F.R.S., | Siang, Lim Thong, Stulong. Johore, Straits 
“in recognition of the services he has rendered to Settlement. 


Arts, Manufactures, and Commerce by his metal- 
lurgical researches and the resulting development of 
the iron and steel industries.”’ 

In 1896, to Prof. David Edward Hughes, F.R.S., 
‘in recognition of the services he has rendered to 
Arts, Manufactures, and Commerce, by his numerous 
inventions in electricity and magnetism, especially 
the printing telegraph and the microphone.” 

In 1897, to George James Symons, F.R.S., “ for 
the services he has rendered to the United Kingdom 
by affording to engineers engaged in the water 
supply and the sewage of towns a trustworthy basis 
for their work, by establishing and carrying on 
during nearly forty years systematic observations 
(now at over 3,000 stations) of the rainfall of the 
British Isles, and by recording, tabulating, and 
graphically indicating the results of these observa- 
tions in the annual volumes published by himself.” 

In 1898, to Professor Robert Wilhelm Bunsen, 
M.D., For. Memb. R.S., “in recognition of his 
numerous and most valuable applications of Chemistry 
and Physics to the Arts and to Manufactures.” 

In 1899, to Sir William Crookes, F.R.S., “ for 
his extensive and laborious researches in chemistry 
and in physics; researches which have, in many in- 
stances, developed into useful practical applications in 
the arts and manufactures.” 

In 1900, to Henry Wilde, F.R.S., “for the dis- 
covery and practical demonstration of the indefinite 
increase of the magnetic and electric forces from 
quantities indefinitely small, a discovery now used in 
all dynamo machines; and for its application to the 
production of the electric search-light, and to the 
electro-deposition of metals from their solutions.” 
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ELEVENTH ORDINARY MEETING. 


Wednesday, March 6th, 1901 ; SIR BENJAMIN 
BAKER, K.C.M.G., F.R.S., Vice-President of 
the Society, in the chair. 
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election as members of the Society :— 


Adam, Matthew Atkinson, 145, Fordwych-road, 
West Hampstead, N.W. 

Chettyar, P. L. S. Shanmugam, Muraiyur, Madura 
District, Madras, India. 

Gordon, Mrs. Ella Mary, F.R.S.L., 26, Rubislaw- 
terrace, Aberdeen. 

Holland, George, 17, Holborn-viaduct, E.C. 

Pillay, Rao Bahadur P. J. Chinnasawmy, Palghat, 
Madras, India. 

Richardson, Thomas William, 


care of Messrs. 
Grindlay & Co., Calcutta, India. : 


The following candidates were balloted for 
and duly elected members of the Society :— 
Bailie, John D., 23, Park-row, Leeds. 

Balrampur, Maharaja of (Bhagwati Prasad Singh), 

Balrampur, Oudh, India. 

Bannerjee, Raja Shib Chunder, Bhagalpur, Bengal, 

India. 

Clark, John, G. Clark and Son, Broadway Works, 

Millwall Docks, E., and 34, Fitzjohn’s-avenue, N.W. 
Jackson, Herbert, 66, Coleman-street, E.C. 

Jourado, M., 56, St. Mary Axe, E.C. 

Pillay, N. Appusundaram, 33, Coral Merchant- 
street, Madras, India. 

Talbot-Crosbie, John Burrell, 6, Parkgrove-terrace, 

Glasgow, W. 

Tylden-Wright, H., The Dundee Coal Company, 

Coalfields, Natal, S. Africa. 

Wayland, William A., U.K. Works, Gosterwood- 

street, Deptford, S.E. 

Woods, G. H., 77, Northgate, Blackburn. 


The paper read was— 


MODERN ARTILLERY. 


By LIEUT. ARTHUR TREVOR DAWSON 
(Late R.N.). 


Modern artillery is a very complex subject, 
for in the attainment of that great power and 
precision which characterise the present day 
artillery, notwithstanding the minimising of its 
weight, there has been introduced innumerable 
yet indispensable details, each the result of 
paticnt research on the part of our greatest 
scientists and the production of the highest 
mechanical skill. So numerous and interesting 
are the problems involved that in a reasonably 
brief paper one can only touch the fringe of the 
great subject. 

It is quite impossible to enter into detail, and 
I therefore propose, after briefly considering 
general governing principles, to select certain 
types of ordnance, both British and foreign, 
in order to point out specific differences and to 
compare generally the different systems em- 
ployed, with the view, if possible, of ascertain- 
ing relative advantages and disadvantages. 

Having regard to the present important 
position that artillery holds in all countries and 
to the direct relation which the possession of a 
sufficient number of efficient weapons bears to 
the safety of an empire, I feel that I shall be 
excused at the outset of my address in seriously 
pressing home to the public mind through the 
medium of this influential Society the necessity 


272 


JOURNAL OF THE SOCIETY OF ARTS. 


[Aarh 8, 1901. 


of the British Empire placing the most modern 


and effective of weapons at the disposal of our 
brave sailors and soldiers wherewith to defend 
in times af necessity the integrity, the inde- 
pendence, and possibly cven the existence of 
cur Empire. | 

I do not wish to pose in any way as an 
alarmist, for I am sure that the Government 
are endeavouring to do all that practically lies 
in their power to put our sea and land defences 
in order, but having regard to the activity that 
the other great nations of the world are show- 
ing in the employment of the most modern 
arms, to the exclusion of inferior and obsolete 
weapons, it is the duty of all to be incessant in 
their support of Government measures to place 
our land defences, as well as our fleet, in 
possession of artillery second to none in the 
world. 


WARSHIPS WITH MUZZLE-LOADERS. 


I shall not, in this somewhat brief address, 
refer to the muzzle-loading guns, of which, 
alas, we still have many remaining-—both in 
ships and forts, but while my main purpose is 
to consider the more modern pieces of ord- 
nance, and their equipments generally, I 
would like to point out that I consider that in 
the present day of modern artillery, a badly- 
armed ship is, from a fighting point of view, 
worse than useless to the country, because if it 
happened to come into the line of battle it would 
be put out of action by a ship perhaps only 
armed with a few modern guns, with possibly 
no armour protection and manned by a very 
scant crew, providing always she has the speed 
and is able to control the range. 

I will take, as an example, the Znflexible, 
which we may consider heads our long list 
of vessels armed with muzzle-loaders, and 
assume, for the sake of illustration, that she 
came across a French cruiser, say, of the 
Cassard class. The Jnfiextble has a crew 
of, say, 485 men, as against the 385 men of 
the French.cruiser. She cost (it is true many 
years ago) about 1,000,000 sterling, as 
against the £318,000 of the French ship. 
Now, at a range of 8,000 yards, or beyond, the 
French ship would be in safety against the fire 
of the /zflexzble’s guns, whereas at this range 
the French cruiser, with the aid of her modern 
guns and of modern telescopic sights, would 
be able to make good practice against the 
British ship, and, in my opinion, would put 
her quickly out of action by firing large 
capacity, high explosive, and other modern, 
shells. 


Let us, from this particular illustration, con- 
sider further the cost to the country. Each 
man employed on board ship costs us about 
£100 per annum, and thus the wages bill for 
485 men is at the rate of £48,500 per annum. 
The up-keep during war of a ship of the 
Inflexible class in the expenditure of coal 
alone, since it would be at famine prices, would 
be enormous, and the cost of repairs, &c., 
greatly disproportionate to the services ren- 
dered. 

But apart from these monetary items there 
is the far more important question of the 
ineffective employment of the 485 men, whose 
training represents a large national asset. 
And, what would be still more deplorable from 
more views than one, if these obsolete ships, of 
which there are very many in the service, are 
sunk or taken, a very large and very unpleasant 
gap would be made in our personnel. 

Other similar illustrations might be given, 
but this one surely affords strong reason for 
cither selling the old obsolete ships and ex- 
pending no more money on them even in peace 
times or for arming them with modern artillery. 
The latter course seems to me more advisable, 
as armaments of a kind can be provided much 
more quickly than new ships to replace the old 
vessels, and history has shown the value of 
reserve ships to fill up gaps in naval warfare, 
even if they be not quite up to the mark from a 
ship construction point of view. The nation 
which can more expeditiously challenge the 
enemy anew after a hard fought battle is the 
more likely to succeed ultimately. 


QUICK-FIRING GUNS FOR FAST MERCHANT 
STEAMERS. 


The power of the unarmoured ship of great 
speed and high gun power to control the 
range to which I have been referring incident- 
ally represents the importance of the armed 
merchant steamship, and enforces the war 
value of the mercantile fleets possessed by 
maritime nations, of which we are the greatest. 
For my own part I would advocate that all 
ships sailing under the British flag, over a 
tonnage of, say, 3,000 tons displacement, and 
having a speed of, say, 17 knots, should be 
called upon to have suitable deck attachments 
for the accommodation of 6-inch gquick-firing 
guns. The inconvenience in peace time would 
be inappreciable, and the extra cost and weight, 
necessary for strengthening the forecastle deck 
during construction, would not materially affect 
the price or weight of the ship—it could be 
done at a very small extra cost. Such ships 
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would be invaluable to the Admiralty as armed 
cruisers in war time, if there was provided at 
convenient ports, really modern 6-inch or 
higher-powered guns to instal on board them. 
I mention this fact, particularly, because I am 
sure we have not, at the present time, a reserve 
of really modern long range artillery suited to 
this and other purposes, the need for which 
must inevitably arise during the progress of a 
war. 


PRINCIPAL FACTORS IN THE EVOLUTION 
OF MODERN ARTILLERY. 


I would like to turn now more directly to the 
principal factors which have brought about the 
evolution of modern artillery. And first in 
importance must be placed improvements in 
propelling agents—in powder. The modern 
smokeless propellants have entirely altered the 
conditions of modern warfare, and have done 
most to render obsolete artillery weapons use- 
less and dangerous to the nation, which does 
not keep pace with the development of modern 
artillery enterprise. The initiation of modern 
explosives has made it possible to more than 
treble the energies of guns as compared with 
the days of black powder, bringing into the 
arena of practical warfare long range fighting 
by land and sea, and such long range fighting 
has been rendered accurate by the use of tele- 
scopic sights, range-finders, &c. 

Secondly, it has rendered a very great rate 
of fire possible owing to the smokelessness of 
the powder, the object aimed at being prac- 
tically visible at all times. Furthermore, there 
is practically no residue left in the gun; there- 
fore as soon as one cartridge is fired another 
can be put in without the elaborate sponging, 
&c., required with the old powders. This also 
facilitates considerably a quick rate of fire. 
There are, of course, a great many other 
advantages which may be credited to the 
initiation of smokeless powders, but the two 
great advantages resulting therefrom are 
really higher energies and a quicker rate of 
fire. In field operations, even more than at 
sea, the strategical advantages of smokeless 
powder are invaluable, and more or less 
obvious, so that they necd not be enlarged 


upon. 


SMOKELESS POWDERS: CORDITE VERSUS 
NITRO-CELLULOSE. 


Having laid stress on the importance of 
smokeless powders in connection with modern 
ordnance, it may be well to say a few words on 
the explosive compounds themselves. In the 
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days of black powder the velocities were 
limited to about 1,600 foot-seconds, owing 
principally to the quick rate of burning of 
the powder. The modern propelling powders, 
such as the various forms of nitro-cellulose 
and nitro-glycerine, are much slower burning, 
and thus longer guns can be utilised in which 
a greater number of expansions of the gas are 
obtained, thereby increasing the velocity to a 
very much greater extent—in many cases up to 
3,000 foot-seconds. As tothe type of powder 
to be used as a propellant, there is now prac- 
tically no difference of opinion throughout 
Europe and America, nitro-cellulose being 
preferred on all hands. The United 
States, Russia and France have adopted 
the nitro-cellulose form for some time. Ger- 
many has been late in its adoption, having 
used a form of nitro-glycerine powder 
containing about 35 per cent. nitro- 
glycerine, but has now practically, I believe, 
decided to adopt a nitro-cellulose powder. 
Some of the smaller countries in Europe have 
not definitely decided on a particular type of 
explosive, and may be said generally to be 
carrying out experiments. The fact, however, 
of nearly all the great countries of the world, 
excepting our own, having adopted it, is to 
some extent a reason why our Government 
should give it the greatest consideration. At 
the present time Great Britain is using cordite 
containing about 57 per cent. of nitro-glycerine. 
This powder has now been in use for about 
nine years, and in its day may be said to have 
been one of the best known explosives; at the 
time of its introduction it was absolutely 
necessary for our naval supremacy to intro- 
duce a smokeless powder, hence I would 
represent that at that time Great Britain acted 
advisedly. The experience of the French 
until quite recently cannot be said to have 
been too highly satisfactory, as all will recall 
the serious explosion at Toulon not many years 
ago which we have every reason to know was 
due to a deterioration of the powder in storage. 
Furthermore, I understand that the Russian 
Government’s experience until three or four 
years ago was not all that could be desired, 
the nitro-cellulose from which it was made not 
being of the finest quality. In the United 
States they have now generally adopted nitro- 
cellulose powder in their fleet, and are intro- 
ducing it into their land service. I under- 
stand the experience with this powder in the 
United States Navy is everything that could 
be desired, although I believe they are con- 
stantly carrying out experiments with a view 
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to improvement. The United States land 
service, however, have until quite recently used 
a nitro-glycerine powder containing about 
10 per cent. nitro-glycerine. The experience 
they have had with their powder has been 
anything but satisfactory, and on many 
occasions they have had serious high 
pressures in their guns, in some cases com- 
pletely destroying the artillery using ‘it. The 
experiences of foreign Powers tend to show the 
wise policy of the British Government in not 
adopting a nitro-cellulose powder at the time 
of its original initiation. Since that period, 
however, the manufacture of nitro-cellulose 
powders has very greatly improved, and the 
powders now being adopted by Russia and 
Germany are quite as safe in their use, as 
cordite and other known modifications of 
cordite, having varying percentages of nitro- 
glycerine. 

Nitro-cellulose powder has the great ad- 
vantage of being capable of producing in 
modern artillery the highest possible ballis- 
tics with the least possible amount of wear to 
the gun, and therefore at this moment, its 
introduction should be treated from a most 
serious standpoint. It is, I think, well known 
to all of you that the temperature of explosion 
of cordite is practically double that of nitro- 
cellulose powder. This great difference in 
temperature of explosion has a great bearing 
upon the wear of guns, for with so high a 
temperature of explosion as cordite, far exceed- 
ing the melting point of steel, it is not 
reasonable to expect a gun to last for many 
rounds, and especially if large charges are 
used, developing heavy volumes of gas. Now, 
in order to obtain high ballistics, it is very 
necessary to develop very large quantities of 
gas, with the view of keeping the volumes of 
expansion of the gas at the higher pressures 
as long as possible, and continuing these 
pressures to the muzzle of the gun. If cordite 
is used, having this very high temperature of 
explosion, these volumes of gas at the high 
pressure, must, of necessity, seriously affect 
the bore of the gun, especially at the com- 
mencement of the rifling. The nature of the 
wear of the bore with cordite is also very 
serious, taking the form as it does at the com- 
mencement of erosion of very thin fine lines, 
which develop, as the rounds are continued, 
completely washing away the surface, and 
quite abnormally enlarging the seat in the gun, 
where the shot is rammed home. This, after 
a few rounds, allows the shot to be over- 
rammed, increasing the volume of the chamber, 


which, in its turn, diminishes the pressure, 
reducing the energy of the gun, and varying 
the velocities, and therefore the range, 
accuracy, and indeed every point which to the 
gunner is an absolute essential. Furthermore, 
the wear of the bore of the gun prevents the 
proper centreing of the projectile at starting, 
causing it in many cases to gyrate when it 
comes under the influence of the rifling. In 
guns of low power using cordite, where only 
small charges are required, the effect is, of 
course, much less than in guns using large 
charges ; but I contend that as it 1s necessary 
for modern artillery, except that for special 
purposes, to have the highest possible ballistics, 
it is of primary importance to use a powder 
which, as far as possible, gets over the 
objections I have just mentioned. The effect 
of using cordite in, say, 6-inch guns, those 
having velocities of 2,800 to 3,000 feet, is 
to entail a loss of some 500 to 600 foot-seconds 
after about 200 rounds have been fired, repre- 
senting a loss of energy of about 34 per cent. 
owing to the development of erosive effects. 
Furthermore, these velocities vary very 
materially with the temperature,—in some 
guns as much as 3 feet for every degree Fahr. 

The question really comes to this, that if 
cordite is used, no higher velocity than (say) 
about 2,500 feet can be obtained for any 
reasonable number of rounds, whereas with 
nitro-cellulose powder, velocities up to and ex- 
ceeding 3,000 feet can be easily obtained, 
without the objections attendant on the use of 
cordite, I therefore shall continue to urge that 
a nitro-glycerine powder is not suited to 
modern artillery, and that any country continu- 
ing to use it, must, of necessity, be at a serious 
disadvantage with a country making use of a 
nitro-cellulose powder. The effects in other 
countries of powders containing from 10 per 
cent. to 25 per cent. of nitro-glycerine, have, 
from an erosion point of view, been superior to 
those containing a higher proportion, but with 
such a powder a much larger charge has to be 
used, in order to obtain the same ballistics, 
and the saving in erosion is not so great as one 
would naturally, in the first instance, think. A 
certain increase in the life of a gun can be 
gained by using an efficient gas check, and my 
diagram* shows the advantage of using the 
special form of gas check shown thereon for 
making a metallic seal of the gas at the com- 
mencement of the travel of the shot, and con- 


[®It has only been possible to find space for a few of Lieu 
Dawson’s many interesting diagrams, and these will be 
referred to by number.—Ep.] 
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tinuing itthroughout the bore. The advantage 
of using such a gas check is to lengthen the 
life of the gun, but it will have much more 
valuable results if used in conjunction with 
nitro-cellulose powder, than with a powder 
containing any percentage of nitro-glycerine. 


EROSION RESULTS WITH KRUPP GUN. 


As an example of the small erosion in guns 
when using a nitro-cellulose form of powder, I 
would refer you to an experiment carried out in 
a Krupp 6-inch gun, in which, after some 
534 rounds, 76 of which were fired with pris- 
matic powder and ballistite, the dimensions of 
the bore were such that, notwithstanding the 
damage done by the 76 rounds of powder other 
than nitro-cellulose, the dimensions of the gun 
came within the acceptance limits of a new 
gun. It is only right, however, to add that in 
this gun the velocities were not very high, being 
only 2,300 foot-seconds, but even this velocity 
is higher than that of the majority of the 6-inch 
guns we now have in the service. 
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; : : 
obtain from rifle cartridges of the smallest size 


used in Europe higher ballistics with nitro- 
cellulose powders than with cordite at normal 
temperatures, say, between 60° and 80° Fahr. 
Having laid particular stress on the impor- 
tance of nitro-cellulose powders, because they 
are the only ones by which we can obtain con- 
stant high velocities up to, say, 3,000 foot- 
seconds, I will now call your attention to my 
dangerous space diagram showing the differ- 
ence between the effect of firing with a high 
velocity and with a low velocity. (Fig. 1). 


ACCURACY OF FIRE: TELESCOPIC SIGHTS. 


I would point out that with modern ships, 
steaming, say, at twenty knots, the variation in 
distance per second is very great, and, therefore, 
from a naval point of view, the importance of 
a flat trajectory cannot be over-rated. 

Having generally dealt with the question of 
high powers produced by powders in guns, I 
would now devote a few minutes to the con- 
sideration of accuracy, and I would at once 


FIG. I. 
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DANGEROUS SPACE DIAGRAM, SHOWING THE DIFFERENCE IN EFFECT OF HIGH AND Low VELOCITY. 


The usual objection put forward to the intro- 
duction of a nitro-cellulose powder is that it 
will not keep on foreign stations with variable 
climates. This, I must state, is erroneous; 
I have results of nitro-cellulose powders stored 
in some of the hottest climates, and these have 
proved in every way satisfactory, both chemi- 
cally and ballistically, when fired in guns. 
Some of the great German makers have had 
this powder under various heat tests for many 
years, and have reported: to me their definite 
opinion that nitro-cellulose powders, if properly 
made, are to be relied upon not to deteriorate 
any more than cordite and other nitro-glycerine 
powder when subjected to variable climatic 
influences. 

I have heard it sometimes said abroad that 
better ballistics can be obtained in a rifle using 
nitro-glycerine powders as against cartridges 
made up of nitro-cellulose powders. This 
belief is unfounded, as Į have been able to 


say that, in order to obtain real accuracy under 
general service conditions, one of the main 
considerations is the obtaining of a powder 
which does not cause variations in ballistics, 
eitherthrough change of temperature or damage 
to the bore of guns. Without this, no artillery, 
either field or naval, can be seriously relied upon, 
and this point is closely considered in all the 
great countries in Europe. The other main 
consideration in regard to accuracy is the type 
of sight made use of with the gun, whether for 
field or for naval purposes, and I would at 
once call attention to the great advantage of 
using a really good form of telescopic sight, 
in conjunction with any long range firing. I 
am sure that this would tend to lessen the 
waste of ammunition, and to ensure 50 per cent. 
better accuracy than is the case in artillery 
not making use of telescopes. I am inclined 
to think that the old form of sight in which 
the tip of the foresight is brought in line with 
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the object through the notch in the back sight 
is a thing of the past. The question of the 
eye having to focus itself on three. different 
points, and bring them into line, is of necessity 
difficult, and must tend to great inaccuracy. 
With a telescope, these objections are nearly 
overcome, although it is difficult and some- 
what complicated to bring the cross wire of 
the telescope into focus with the object aimed 
at. This may be possible with one particular 
man, but will require adjustment for all 
different sights. I have a diagram (Fig. 2) of a 


Fic. 2. 


DIAGRAM OF GRUBB SIGHT. 


sight invented by Sir Howard Grubb of Dublin, 
in which he has been able to devise an arrange- 
ment by which an imaginary image, which is 
practically in focus with the object aimed at, 
can be brought into the alignment, so that no 
parallax is caused in the eye, thus rendering 
the sight very simple. I am quite sure that 
the importance of giving special consideration 
to forms of sight is one of the first duties of 
the gunner and cannot have too much attention 
paid to it. 

Providing now the power, constancy in 
ballistics, and the aim of the gun is correct, 
we must turn attention to the consideration of 
the mounting of the gun, either for sea or 
land service. There is no doubt that the gun 
which is designed to move axially with its bore 
with as little jump as possible will give at all 
angles of elevation the best results, and this 
is certainly a point which should be considered 
in the general construction. 

In both land and sea service artillery, Iam 
of opinion that this is the reason why the recoil 
of the gun should be taken by some form of 
hydraulic cylinder which at the first movement 
ofthe gun reduces the strains on the material, 
allowing the gun to recoil axially, without any 
important movement of the carriage. Of 
course the conditions under which these guns 
are worked are very different, and I would first 
like to say a few words on the question of the 
mountings and general cquipments of land 
service artillery. 


LAND SERVICE ARTILLERY. 

I think one of the great lessons of the pre- 
sent war is the importance of accuracy of fire 
at long range. I am told by eye-witnesses, 
that on some occasions our forces were sub- 
jected to attack at ranges of over 11,000 yards, 
and with some effect. I do not think it is 
unreasonable to assume that such experience 
will again be met with in future European 
wars. It is therefore desirable, in the con- 
struction of field artillery, to lay particular 
stress on the importance of the conditions 
governing accuracy of fire at these long 
ranges. In discussing field artillery recently 
with a great foreign maker, he informed 
me that his great aim was to construct 
a field piece which at 10,000 yards would 
be capable of attaining a very quick rate 
of fire; and, if necessary, of laying all the 
rounds within a 10 metre square. He further 
said that the gun he was experimenting with, 
after recoiling, returned exactly to the same 
position; and, generally speaking, required 
only the most minute adjustment to the sight 


in order to bring it into alignment. I myself 
see no reason why the greatest possible 
accuracy should not be obtained. I am not, 


of course, dealing with the question of the 
bursting of the shell, but of the actual accuracy 
of range and direction. I do not propose in 
any way to endeavour to describe the field guns 
we are at present using in the Transvaal as the 
majority of them were designed many years 
ago, and are well known to most of you. 

There must, of course, be much divergence of 
opinions as to the general conditions to be met 
in field artillery, but I think with our present 


| experience we must all agree that the most im- 


portant points to be aimed at is accuracy of 
fire at long ranges, in conjunction with a quick 
rate of fire and the minimum of weight be- 
hind the horses. Such conflicting conditions 
are difficult to obtain, and the general result 
must necessarily be some form of compromise. 
I am myself much inclined to favour for modern 
field artillery a heavy type of shrapnel, for the 
reason that much greater accuracy is obtained 
at the long ranges, and such a shell admits of 
the employment of a high capacity shrapnel. 
This has the disadvantage of reducing the 
number of shells carried, which, however, is not 
important within a limited number, as it only 
means the necessity of a proportional increase 
in the number of ammunition waggons, and if 
we accept the fact that a three-gun battery of 
modern quick-firing pattern will do the work 


l of the present service six-gun battery, the extra 
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supply of ammunition waggons will not entail 
an increase in the number of men and horses 
for the efficient general working of the modern 
battery in action. 


TIME-FUZES FOR SHRAPNELL SHELLS. 


Before dealing with a few general types of 
modern field-guns, I would like to point out 
that, however good the gun may be, it is of the 
greatest importance that when the shrapnel 
reaches its billet it should burst accurately, 
and for this reason the time-fuze made use of 
with shrapnels cannot be too well constructed, 
and should be as efficient as possible. The 
actual cost of the fuze in field batteries is com- 
paratively small, having regard to the total 
cost of the equipment, but if these are not 
efficient the whole battery is of little value. 
The greatest attention should thus be paid to 
the general construction of fuzes. 

At the present time the best time-fuze avail- 
able is that manufactured by Krupp, of Essen. 
I have had much experience with these fuzes, 
and have never known one to go wrong. This 
fuze has such a good name on the Continent 
that it often happens that countries prefer to 
purchase ammunition from the German firm of 
Krupp, rather than from Schneider and other 
French makers. The small guns used by our 
troops against the Soudanese were supplied 
with ammunition fitted with these fuzes, and I 
have heard nothing but good accounts of them. 
The guns used in the Ashanti operations 
recently were also supplied with Krupp fuses, 
and I have been informed that, notwithstand- 
ing the serious climatic changes to which they 
were subjected, not one went wrong. The guns 
of the American forces used in the Philippines 
fire only Krupp fuses. I understand they 
are still continuing to procure them. I men- 
tion this with special regard, not only to the 
great importance of accuracy of fire, but also 
to the accuracy of shrapnel effect. The par- 
ticular fuse I refer to can always be kept 
screwed in the shell, and all that has to be 
done in setting it, is to turn a ring to the 
required distance by means of an ordinary 
tommy. Such an arrangement admits of very 
rapid time-setting which, with modern artillery, 
is absolutely essential. 


QUICK-FIRING FIELD GUNS. 


In regard to the general types of quick-firing 
field carriages at present utilised, I believe I 
am right in saying that the Maxim field 
carriage was the first successfully tried in 
Europe. This carriage is fairly well-known, 
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and has been supplied to a great number of 
countries, but we in England, perhaps, more 
generally know it as having been the one 
selected by the C.I.V.’s for use in the Transvaal. 
In this arrangement of carriage, the gun layer 
sits on a seat attached to the trail, and the 
recoil is taken by means of a spade, the gun 
recoiling axially in a cradle, while the energy 
is absorbed by two hydraulic cylinders placed 
on each side. I specially mention this con- 
struction of carriage, because, notwithstanding 
the great number of years which have elapsed 
since it was introduced, all the most modern 
carriages of the present day are designed on 


the same lines. 


In dealing with the foreign systems of car- 


riages, I would point in the first place to that 


at present being utilised by the French army. 
The French are, at the present moment 
credited with having the most efficient 
artillery in Europe. It is well-known, how- 
ever, that recently they have changed their 
pattern, and have now only about 1,000 
equipments of the latest form in the service. 
It is believed that they have adopted a heavy 
form of shrapnel, weighing about eight kilo- 
grammes, and that the gun has a velocity of 
some 1,700 feet. Notwithstanding this high 
power, it is capable of easy control, so that 
there is practically no movement in firing, and 
the gun is, after recoil, returned to the firing 
position, so that it can be rapidly relaid by the 
gunner, who always remains seated on the 
trail. It is said that in practice the French 
gunners have obtained a rate of fire of over 
thirty rounds per minute. I need not say that 
to obtain such a high rate of fire it is necessary 
to make use of fixed ammunition, in which the 
projectile and metallic cartridge are in one. 
The gunner who works the mechanism remains 
during firing on a seat on the opposite side to 
the gun layer. There is some advantage in 
the men sitting on the carriage during firing, 
as it increases its weight and keeps it steadier 
during practice, and the men at the gun have 
also some protection. The mounting is of the 
type in which the gun recoils in a cradle, the 
carriage being fixed rigidly in its position by 
the spades-—one under each wheel and one at 
the trail. In order to keep the strains upon 
the carriage low during fire, the gun is able to 
recoil through a distance of one metre. In 
order to obtain the most careful accuracy in 
laying, the gun layer is able to train the gun 
with its trail and top carriage complete, rela- 
tively to the axle, through an arc corresponding 
to 300 metres at 3,000 metres or 6 degrees. I 
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am not able to show you the actual drawings of 
the French field gun, but I am able to show 
several photographs of the equipment generally 
and a diagram representing one of the types of 
Creusot guns, which embody some of the 
general principles made use of in the French 
mounting. 

This gun and carriage makes use of principles 
which, I am inclined to think, will be generally 
adopted by most countries, as they admit of 
high power, accuracy of aim, and a quick rate 
of fire when necessary. I do not wish to give 
it as my opinion that the details will be by any 
means followed by other countries, but rather 
that the general system assists greatly in the 
realization of the best conditions of a quick- 
firing field gun. 

I will now pass to another type of French car- 
riage designed by the St. Chamond Company, 
and which has been tried in connection with 
our own Horse Artillery, of which I am able to 
show general representations. I consider this 
to be a very good type of carriage, enabling 
general quick-firing conditions to be obtained 
for moderate weight. The recoil of the carriage 
is taken bya recoil cylinfler fitted under the 
trail, at the end of which is a spade, the 
carriage, gun, wheels, &c., recoiling over it. 
By this means the energy of recoil is absorbed, 
and after recoil the carriage is brought back to 
the firing position by means of a spring outside 
the cylinder. Very good results have been 
obtained with this carriage, and the Spanish 
Government have finally adopted it as being 
the most suited to the general conditions 
existing in that country. The gun used in 
connection with the mounting is one of Vickers- 
Maxim construction, using fixed ammunition. 

The German Government have adopted a 
much simpler form of mounting than the 
French, and up to the present have preferred 
only to have a spade at the end of the trail 
which can be used or not, as the ground 
determines. I understand that they have now 
changed their idea and are likely in the near 
future to adopt a mounting so arranged that 
the gun recoils in the cradle on a fixed carriage. 

I would now refer to a carriage of which I 
understand from the Press a certain number 


have been introduced into the British service, 


namely that manufactured by Messrs. Ehrhardt, 
of Düsseldorf. The system utilised is generaly 
similar to the type I have just described where 
the gun recoils in a cradle. One of the features 
of the carriage is that it has a telescopic trail, 
and, when firing, the telescopic trail is pulled 
out so as to have the advantage of the long 


trail for preventing unsteadiness and jump in 
the mounting. There are no special features 
in the mounting to which attention need be 
called, but I would point out that tele- 
scopic trails have always been considered 
objectionable for the reason that the rough 
usage on active service is liable to strain such 
a flimsy construction, and when the gun is in 
action the mere fact of a rifle shot or shrapnel 
bullet hitting the thin material, of which the 
tubes are constructed, will prevent its being 
pushed in and out. I am given to understand 
that on many occasions, both in firing and 
during transport the axle has shown weakness, 
which rather renders the discussion of such a 
system superfluous, for however clever the 
general design of a particular mechanism, it 
is of no good to the practical gunner if it will 
not stand the ordinary rough usage on active 
service. The German Government have had 
this carriage tried but have no intention 
whatever of introducing it. 


MOUNTAIN GUNS. 


Under the heading of field artillery, I will 
now briefly refer to a type of mountain gun 
which has done good service to the Empire— 
the 75 mm. mountain gun (Vickers-Maxim 
type). This gun has recently been used with 
considerable effect in Ashanti with the column 
operating under the command of Sir James 
Willcocks, who I believe has a high opinion 
of it as it never failed to do its work efficiently 
in this trying climate, notwithstanding the 
floods, damp, &c., through which it had to go. 
It is a gun also well known to others who have 
served in Egypt, having taken part in most of 
the campaigns in that country. Its great 
advantage is that it is very light and can be 
taken to pieces very rapidly, and carried in 
parts either on mules or by native bearers. 
There is nothing complicated about it, and it 
is not therefore liable to get out of order. It 
is designed on the lines of a modern quick- 
firing gun and carriage, and consequently its 
firing effect is very accurate. It fires projec- 
tiles of 124 and 18 lbs., and can operate at 
ranges up to 4,500 yards. This gun was used 
extensively by the Americans in the Philip- 


‘pines, and notwithstanding the very rough 
. usage it was put to, gave the greatest satisfac- 


tion to all concerned. I am glad to say it has 
now been adopted by His Majesty’s Govern- 
ment for most of our colonial operations, and 
is being used by our forces against the Chinese. 
It is not a gun of great velocity, but its curved 
trajectory using the 18 1b. shell has a searching 
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effect against entrenchments, &c., when direct 
fire would be but waste of ammunition. 

I have not enough time to devote to the con- 
sideration of all the various types of ordnance 
used in the field, but I cannot help urging that 
the fewer types employed the better, having 
regard to the difficulties of transport, and other 
complications in arrangements inevitable to 
the movements of a large force. The nature 
of the types selected for each particular cam- 
paign must be dependent on the nature of the 
territory in which the ordnance is to be used, 
and, owing to the extent of our own Empire, 
and the great variety of countries included, it 
is necessary for us to keep a large reserve of 
ordnance of every available type, each equip- 
ment being located in the particular country for 
which it is specially adapted, and in which it 
is to be employed. 


AUTOMATIC SMALL ARMS. 


There is one gun, however, which, like the 
rifle, is employed by every country of the world, 
namely, fully automatic rifle calibre guns. The 
system almost universally adopted is that at 
present used by His Majesty’s Government, 
namely, the operation of the mechanism by the 
recoil of the barrel, which is the distinctive 
characteristic of the Maxim gun. Other 
systems are, to some extent, used, such as the 
Hotchkiss and Colt, in which the waste gases 
at the muzzle of the gun are used to operate 
their mechanisms, and although this arrange- 
ment is not generally employed by the Vickers- 
Maxim Company, it was originally the invention 
of Sir Hiram Maxim, who has constructed 
some very perfect weapons on this system. 
The strain, however, on the material is rather 
higher, and for this reason the recoiling barrel 
system is preferred. 

Every country in Europe may be said to 
employ a certain number of machine guns, and 
I do not think I can do better than show a few 
slides which exemplify their general use. 


LARGER AUTOMATIC GUNS. 


I must now pass to the consideration of some 
other types of automatic guns, and I would 
first, briefly, call attention to the ‘‘ Pom-Pom,” 
of which so many are in use at present in South 
Africa. I have heard many criticisms of this 
gun; some officers have told me their great 
advantage is the moral effect they produce, 
which conclusion I question. Others have 
assured me that if the projectiles hit anything 
alive they kill it, and of this I have no doubt. 

It should always he remembered that the 
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projectiles are one-fifteenth the weight of the 
field gun projectile, and therefore the results 
cannot in the least be compared. To my mind, 
their great use is for operating with artillery 
and cavalry, for the protection of the flanks of 
batteries against cavalry attack, for finding the 
range, for working with outposts, and for the 
protection of bridges and other important 
strategic positions. It is by no means necessary 
to work these guns in the field as field weapons; 
they can be carried on pack-saddles for special 
operations where field artillery would be im- 
possible, ard the strategical results would be 
most important. . 

Amongst automatic guns to which some 
consideration has lately been given, are the 
3-pounder, 6-pounder, and g-pounder guns. 
To render these guns fully automatic would 
necessitate certain attachments which, like all 
mechanism, would be liable to get out of order, 
and require a certain amount of skilled atten- 
tion. But I am strongly of opinion that guns 
of these calibres should be at least semi- 
automatic, so that after the gun is fired, the 
action of recoil may open the breech, throw out 
the empty case, and put the gun in position 
ready for receiving another charge. The only 
operation left for the loading gunner is to push 
home the cartridge which forces the extractor 
forward, allowing the mechanism to close 
itself ‘‘ ready ” for firing. Such a mechanism 
is highly important in the present day, 
especially on board ship, where, in war, attack 
by torpedo boats and submarine boats must 
always be expected, and where but a few 
seconds is given for repelling the attack. Thus 
a semi-automatic gun of moderate calibre 
should make all the difference between render- 
ing such attacks disastrous or futile. The 
representations on the screen show a 3-pounder 
fully automatic gun, and a semi-automatic 
14-pounder of the Vickers-Maxim type, now 
universally adopted by the U.S.A. Such 
semi-automatic guns are not more complicated 
than guns having the ordinary form of 
mechanism, and they have a great advantage. 
They are equally applicable for fortress pur- 
poses and for ships, and a smaller gun’s crew 
can work them. 


FIELD HOWITZERS. 


Before finally leaving the subject of land 
service artillery, I would like briefly to refer 
to the use of Howitzers inthe field. The special 
use of these pieces, as most of you know, is for 
indirect fire where high trajectories are neces- 
sary, and where nothing but a large angle of 
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descent of the projectile can prove effective in 
attack. A large number of such weapons are 
now in use in the Transvaal; but for general 
purposes of demonstration I propose to briefly 
refer to a large 24-centimetre Field Howitzer 
used by Austria, for the protection of its 
frontiers. I understand the Austrians have at 
least seventy of these Howitzers in course of 
manufacture. A good many of them have 
been already delivered, and form an invaluable 
part of the main armament of that country. 
The special feature of this Howitzer, is the very 
heavy shell it uses, of 300 lbs. weight, containing 
a heavy bursting charge of high explosive. Its 
use is really for heavy siege work, but it can 
be got into position and made ready for firing 
in some twenty minutes from its arrival at the 
particular spot where it is to be used. The 
gun with its cradle, axle, &c., is carried in 
one load on a four-wheeled waggon; the 
lower carriage, bed-plate, &c., is carried on a 
similar arrangement as a second load. It is 
intended that this Howitzer should be brought 
up by rail to within a short distance of its 
point of installation, and then dragged by any 
suitable haulage system to the entrenchment 
which would be prepared for it beforehand in 
the ordinary way. The bed-plate is first 
staked down and then the carriage is lowered 
by screws on to the prepared ground, after 
which the gun with its trail, &c., is run into 
position on the carriage by suitably inclined 
wedges. The energy of recoil is taken by a 
hydraulic cylinder and the gun run forward 
into the firing position by means of springs, 
in the usual way. Time does not permit me 
to deal further with other land service ordnance, 
as I must pass on to refer to some special 
naval types of ordnance now in general use. 


SEA SERVICE ORDNANCE. 


I will in the first place deal with a type of 
mounting very gencrally used by most of the 
countries of Europe for the purpose of 15- 
pounder and smaller guns. As the weapons 
are largely used for resisting torpedo boat 
attack, they can hardly be said to enter into 
the main armament of a battleship or cruiser, 
although they are very useful for gunboats and 
the smaller types of ships which are not 
equipped to fight in the line of battle. The 
drawings I actually show you on the screen 
are of the Vickers-Maxim type, generally 
adopted by Spain, Argentine, Russia, Brazil, 
and Belgium. 

I come now to a type of gun in general use 
by all countries of the world, namely, the 


| in some cases of over 2,800 feet. 


6-inch quick-firing gun. The first of this type 
was originally introduced by the late Lord 
Armstrong, to whose great inventive genius 
and mechanical skill the world has recently 
paid a full hearted and well merited tribute. I 
give as an illustration of one of these guns a 
copy of a picture from Brassey’s ‘‘ Naval 


FIG. 3. 


SERVICE BREECH BLOCK—178 LBS. 


Annual,” which shows the gencral arrange- 
ment in detail. I also show on the screen 
another mounting of Vickers’ type now being 
put into many of our battleships and cruisers. 
As great a number as 11 rounds per minute 
has been obtained from this gun, with velocities 
The repre- 
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sentations on the screen show the gun in 
various positions, and with its breech 
mechanism in different phases of its working, 
&c. One of the novel points in connection 
with the mechanism of this gun is the special 
form of Vickers’ Breech Screw, which is 
threaded at varying radii by which, in this 
particular gun, two-thirds of the circumference 
is screwed, and only one-third non-screwed. 
By this design the screw has been lightened 
to the extent of about 4o per cent. less than 
the ordinary service breech screw previously 
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utilised for this gun. The diagrams (Figs. 3, 
4, and 5, p. 280) demonstrate this wonderful 
reduction in weight caused by the modifed 
form of screw which has now been adopted in 
many countries of the world, including Great 
Britain, United States, Japan, and Spain, and 
I believe in many German field guns. Fig. 6 is 
a diagram which shows clearly the comparative 
energies of various 6-inch guns. 

I come next to a form of twin 6-inch mount- 
ing, which enables both guns to be fired either 
separately or simultaneously. In this mounting 
both guns are elevated and trained together, 
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and manipulated from either of the sighting 
positions. The feature of this mounting is that 
it admits of the concentration of a very heavy 
rate of fire from a specially protected gun 
position. The protection of such gun posi- 
tions, including the ammunition supply, is now 
of vital importance in modern ships and is re- 
ceiving much attention from all countries. The 
powder ammunition supply admits of a con- 
tinuous rate of supply being carried to the 
right and left guns, the projectiles being lifted 
from the shell carrier which revolves round the 
mounting. 

The next gun I would like to refer to is the 
weapon of 74-inch calibre, which is now being 
very generally adopted all over the world. The 
diagram on the screen represents two of these 
guns mounted in a barbette and arranged to be 
supplied with ammunition by hydraulic power. 
The weight of the projectile for the guns 
recently constructed for the British Govern- 
ment is 200lbs. which can easily be lifted by 
two men. This gun is therefore ane of the 
heaviest quick firers now in use. It is capable 
of firing at the rate of nearly six rounds per 
minute, which means a collective striking 
energy of 75,000 foot-tons for every minute the 
gun is in action. The velocity of the gun, 
using nitro-cellulose powder, is 3,000 foot- 
seconds. 

I will now come to the heavier types of 
ordnance of from 9‘2-inch to 13-inch calibre 
and represent to you by means of diagrams the 
differences existing between those in use by 
Great Britain and the various Powers. In 
selecting the various types of mounting, I have 
chosen those in which different sources of 
power are utilised, in the hope that the dis- 
cussion after my paper may be directed to a 
consideration of the relative advantages of the 
different systems. The power by which heavy 
ordnance, mounted on board ship, should be 
worked, admits of much discussion; but for 
my own part Iam prepared to vote for hydraulic 
power for the heaviest ordnance, while I think 
advantages accrue from the use of electricity 
for the lighter types. In the very heavy ord- 
nance, it is almost necessary to use other 
power than springs for the running of the gun 
to the firing position, as the springs employed 
require to be very heavy and thus prove cum- 
bersome, necessitating a large port. If, on 
the other hand, electrical power is utilised, it 
is necessary to adopt some other system for (1) 
running the gun out and (2) taking the energy 
of recoil. If electric power is used for the 
heavy ordnance, it is generally necessary to 
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embody hydraulic or hydro- pneumatic cylinders 
in combination for the two operations stated. 
This involves complication to some extent, and 
the necessity for greater skill in manipulation. 
Whatever system be used, I am strongly in 
favour of having as an alternative mechanical 
devices operated by hand, in the event of any 
derangement, especially in action, of the power 
gear in use. 

The first type of 9°2-inch mounting I would 


firing position. In normal firing it is necessary 
to lay the gun to a fixed angle for loading. 
The ammunition supply is worked electri- 
cally, alternative hand power being also 
provided. The mounting, from a general 
point of view, is extremely well designed and 
should admit of great efficiency. I will not 
however disguise the fact that after studying 
this type of mounting, I am strongly averse to 
the complication arising from the use of a 


like specially to call attention to is one of the | combination of electricity, hydraulic, and 
latest designed by Krupp, of Essen. The gun | hydro-pneumatic power. 
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is of 40 calibres, as against 45 now being used 
by the British service. The mounting is ele- 
vated and trained by electricity, but the rammer 
is operated by hydraulic power, this power 
being brought into the barbette by means of 
flexible hydraulic piping, the flexible piping 
doing away with the necessity of elbow joints, 
&c. The recoil is taken by a hydraulic cylinder, a 
portion of the liquid being used for compressing 
air which stores up a part of the energy to be 
afterwards ysed for running the gun oyt to the 


I will now refer you to a 9g‘2-inch gun 
mounted on the Vickers’ system being sup- 
plied to the Turkish Government. It is 
worked entirely by hydraulic power and is 
very similar in construction to that now being 
designed for the British Government. 

I will not, however, describe this mounting in 
detail, but proceed to my diagram of two 12- 
inch guns mounted on the Vickers’ system. 
(Fig. 7.) This is quite a novel type of mounting, 


admitting of the loading of the gun at any 
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angle of elevation, as well as at any angle 
of training, so that, during the operation 
of loading, the gun-layer is able to accurately 
sight the two guns, and thus immediately the 
one, or both are loaded, they can be fired. 
Arrangements are made that a supply of 
ammunition is continually being supplied 
through the ammunition trunk, so that the 
cage which travels on the arc, cut con- 
centric with the trunnion of the gun, is 
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types of ordnance. Two rounds per minute 
from each gun can easily be obtained in actual 
practice. 

Five British first-class battleships now build- 
ing are being fitted with these mountings, 
making their heaviest guns really quick- 
firers. 

I next come to two special mountings of an 
American type, and I will first refer to that 
being installed in the Alabama class for 
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SUPERIMPOSED TURRET MOUNTING (AMERICAN TYPE). 


always kept filled, and thus immediately the 
gun is fired the cage can be raised to the 
loading position, ready to insert a new charge. 
This mounting differs from many at present 
being used in Europe: when the ammunition 
cage is brought up to the gun, it is auto- 
matically kept in a fixed position relative to the 
axis of the gun during the movement of the 
mounting in elevation. 

The system lends itself well to the general 
quick-loading principles applied to the heaviest 


mounting their 13-inch guns. The great 
feature of the mounting is that only electric 
power is used with the exception of the recoil 
arrangements, which are hydraulic in com- 
bination with heavy spiral springs for running 
the gun out. The rammer is worked by hand 
power, and the ammunition cage lifted by 
electrical power. 

This mounting only admits of loading at a 
fixed angle, and is necessarily very heavy, 
owing to the springs required for running the 
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gun out in combination with the heavy cradle 
necessary for the carrying out of this system. 
They do not claim to fire more than one 
round in two minutes from each of these guns 
so mounted, as against the four which will be 
obtained from the British mounting. 

My diagram (Fig. 8), showing the mounting 
of the heavy guns in the Xearsage and 
Kentucky, is of special interest. The system 
is the super-imposed turret type with two 8-inch 
guns above two 13-inch guns. I am told that 
this arrangement has been successful from an 
artillery point of view, but it would strike me 
as being exceedingly heavy and dangerous 
because if one turret is put out of action, it 
means that four of the principal guns of the 
ship are hors de combat. 

I would remark in concluding this portion 
of my paper referring to heavy artillery for 
sea-service, that I think the Admiralty are 
to be congratulated on the efficient mountings 
of artillery in their modern ships, and in this 
statement I include not only mounts which 
admit of the loading of the gun at any angle 
of elevation—a characteristic of the Vickers’ 
type, and which I consider to be one of the 
most advanced—but I also refer to the excel- 
lent hydraulic and electric mountings supplied 
by Messrs. Armstrong, Whitworth and Co., to 
the British fleet. 

Although I have, perhaps, in my paper 
dealt more with equipments supplied by the 
Vickers-Maxim Company, I would in no way 
let it be thought that I do not attach the 
greatest possible importance to the efficient 
‘ and cleverly worked out material supplied by 
the great Newcastle firm, from whom British 
modern artillery may be said to have re- 
ceived the greatest impulse during the last 
century, and of which that eminent artillerist, 
Sir Andrew Noble, is the head. 


DISCUSSION. 


Sir WILLIAM RoBERTS-AUSTEN, K.C.B., F.R.S., 
said his knowledge of ordnance was confined to 
the material of which ordnance was made, and 
this part of the subject was not touched upon in 
the paper. He would like to say that all Britons 
must have been proud of the magnificent Pavilion 
erected by Messrs. Vickers, Sons and Maxim at 
the Paris Exhibition. Those who were frequently 
at the Exhibition had abundant opportunity of 
admiring the excellent way in which every detail 
and exhibit was arranged. 


Sir Hiram Maxim said he would like to have 
heard more about submarine boats. From the photo- 
graph shown, the American boats seemed to travel at 
a very great velocity. It would be very instructive if 
Mr. Dawson could state what power was employed on 
the boats. When he was in the States he believed 
petroleum was used. It would also be interesting to 
know whether Mr. Dawson considered the submarine 
boat had reached a degree of perfection which would 
warrant one in manufacturing and building such boats 
for the defence of the country. 


The CHAIRMAN said he was sure the reason 
why so many distinguished authorities present 
thought it advisable not to speak was their 
holy and very proper horror of the Officials 
Secrets Act, and they were afraid that if they 
warmed to a discussion, they might innocently 
make an observation which would be considered 
as a breach of official confidence. This affected 
the Chairman in exactly the same way as it affected 
the audience. He was sure the members would agree 
there was no man in the country who knew more about 
modern artillery at home and abroad than Lieutenant 
Dawson, and it was satisfactory that that information 
would be used honestly and to the best of his ability for 
the services of his country. Lieutenant Dawson served 
as a youngster in the Navy, then in the Royal Arsenal, 
and last, but not least, in the firm of Messrs. Vickers- 
Maxim and Company, who had shown such pluck 
and enterprise in establishing an enormous manufac- 
turing concern which the country could draw upon, 
with confidence, in the hour of need. In conclusion, 
he proposed a very hearty vote of thanks to Lieutenant 
Dawson, for his admirable paper. 


The resolution was carried unanimously. 


Lieutenant Dawson, in reply, said he was aware that 
the subject with which he had been dealing, brought 
him very near the Official Secrets Act, but he 
had done his best not to say anything which he 
thought should not be said. He would like very 
much to have heard the opinion of other experts, 
especially the Chairman’s, there being no man in the 
world who knew more ahout ordnance matters than 
he. Healso thanked Sir William Roberts-Austen 
for his very kind words relative to his firm's exhibit at 


. Paris, and wished his opinion on the subject of 


modern explosives could have been given. The 
question of submarine boats was foreign to the 
subject of the paper, and he apologised for 
having brought it forward. He had no personal 
knowledge or real acquaintance with submarine boats, 
and would be very sorry to offer any opinion on them. 
In conclusion, he wished to thank Sir Benjamin Baker 
for honouring him by taking the chair, and also 
the Council of the Society of Arts for giving him 
the opportunity of reading the paper. 
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Miscellaneous. 
——— 


TRADE IN THE SAHARA DESERT. 


A large desert lies between the southern boundary 
of Algeria and the Sudan which, under the common 
name Tuat, embraces three districts—Gurara, in the 
north; Tuat proper, south of Gurara; and Tidikelt, 
east and south-east of Tuat. The last-named dis- 
trict is sparsely inhabited, but exercises a kind of 
sovereignty over both of the others. The oasis, 
Insala, the central point of Tidikelt, lately occupied 
by France, consequently involves control of all Tuat. 
The district embraces about 773 square miles; it has 
203,000 inhabitants, 332 ‘‘ksour”’ (fortified villages 
or market places), and 7,000,000 palm trees. Although 
these ‘‘ksour’’ are situated in a land almost desert, 
producing only a faw dates and plants, they are 
markets for the nomadic tribes. Insala, especially, 
is the market place for the Hoggar-Tauregs. The 
Moniteur Officiel du Commerce says that chiefly as 
the result of its geographical position, Tuat has de- 
veloped a very considerable trade with the Sudan, 
particularly in European goods imported by way of 
Morocco or Tripoli. Two great caravans go yearly 
from Akabli, the most southern oasis of Tidikelt, to 
Timbuktu. The first caravan of the season starts 
early in April, reaches Timbuktu at the end of May, 
remains there during the summer months, and starts 
on the return journey on the Ist October, arriving at 
Akabli by the middle of November. The second 
caravan leaves Akabli early in October and returns in 
May. Thirty-five days are sufficient for the journey, 
but the caravans take a few days more for the neces- 
sary rests. The resting places are selected with 
regard to springs of water, shade, and fodder. The 
caravans take to the Sudan firearms, swords, tools 
and hardware from Germany; cotton, cotton goods 
and muslins from Great Britain; glass-ware from 
Italy; from France—lace, yarns, needles, scarves, 
paper, soap, tobacco, knives, weapons, corals, per- 
fumes, iron and copper wire, and medicines, besides 
dates and salt. In exchange they bring from the 
Sudan ostrich feathers, ivory, tanned hides, gold dust 
and baskets. They also bring slaves. Caravans have, 
on an average, 9,000 camels. In regard to the region 
south of Tunis, the Bulletin de la Société de Géographie 
Commerciale has an article, of which the following is 
a summary. ‘Djérid, properly speaking, comprises 
the region situated between the salt lakes of that 
name and the salt lake Kharsa, composed of the 
oases of El-Oudiane, El-Hamma, and Nefta, all 
remarkable for their great fertility. The population 
numbers some 30,000 inhabitants, mostly devoted to 
agriculture. The principal culture is the date-palm, 
which suits the soil admirably. To encourage its 
cultivation the Government has suppressed the export 
duties on dates. There are 635,000 trecs, every part 
of which can be utilised. The wood is used for 
carpentering, and to make beams and doors; the 
flexible ends of the young branches are planted on 


the walls of beaten earth, enclosing the oasis in a 
palisade. The young leaves are employed in basket 
work, in making hats, covers of plates, &c. The sap 
is utilised in making a drink much appreciated by 
the natives. The most important product, however, 
is the fruit, of which from 800 to 1,000 tons of one 
variety alone are annually exported, while the produc- 
tion of other kinds reaches 15,000 tons, a third of 
which is consumed in the country and the rest 
exported. Next to the date, in importance, comes 
the olive tree. Lusa, Sfax, and Djerba are sur- 
rounded by magnificent forests of olive trees, and the 
oasis of El-Oudiane has 25,000 trees, producing 
annually 13,200 gallons of oil. This oil formerly 
found a market in southern Algeria. At present, 
Lusa, Mehdia, Monastir and Sfax have model oil 
manufactories which equal the best equipped manu- 
factories of Provence, Italy, and Spain. More than 
8,000 tons were exported in 1898. The oil is of 
irreproachable purity and extremely delicate in 
flavour ; in fact the greater part of it is put on the 
market as French oil. Besides the olive and date, 
peaches, apricots, pomegranates, bananas, oranges, 
lemons, and grapes flourish, and the fruits are sent to 
the Algerian markets. An important trade is also 
carried on in silk tissues and tissues of silk mixed 
with other materials. The silk coverlets, the bur- 
nouses, and the silk masques have acquired a certain 
renown. The fact that trade was flourishing a 
century ago between Ghadames and Hefta shows 
how easy it would be to establish a commercial house 
at Nefta for the exchange of grains and manufactured 
articles for the wool, cattle, skins, ostrich plumes, and 
arms of the southern fribes. Already the creation of 
the port of Sfax, and the railway from Sfax to Gafsa 
have been the starting point of anewera. The rail- 
way belongs to the Society of Phosphates of Gafsa. 
Its construction was one of the conditions of the 
grant, and it is finished for 150 miles. The Phos- 
phate Company and the railway have built five large 
bridges. More than 200,000 tons of phosphates have 
been extracted. 


RAFIA FIBRE IN MADAGASCAR. 


Rofia, or as it is generally spelt ‘‘rafia,” is the 
Malagasy name of a palm which furnishes a staple 
article of commerce, called rafia fibre. It is indigenous 
to Madagascar, and is to be met with everywhere on 
the coasts, needing neither cultivation nor attention 
of any kind. It is not a stately palm, but sends its 
enormous branches from near the ground; in a fine 
specimen one branch is almost a tree in itself. The 
rib in each branch is as much as 20 feet long, of a 
pearly grey colour, smooth and shiny, flat on the 
inner surface, but otherwise round, without any 
knobs, and so exceedingly hard. At the base it is as 
large as an ordinary champagne bottle, and tapers to 
a point at the top. The inside consists of a light 
pith, which can be split into layers of any thickness. 
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Possibly, says the United States Consul at Tamatare, 
it is this, or an analogous production, which is used 
f or making pith helmets in the East. Naturally these 
ribs combine great strength with wonderful lightness, 
and are used for shafts for ‘filanjanas ” or palan- 
quins, ladders, or other purposes, but otherwise 
have no particular commercial value. It is 
the pinnifoliate of these branches which produce 
the rafia fibre of commerce. One palm branch, 
or frond, will produce eighty or one hundred 
long green leaves from two to five feet in length, 
like the leaves of the sugar cane, but of a dark, 
lustrous green, and both thicker and stiffer. These 
again, contain a round and pliant rib which the 


natives utilise for making baskets and dredges for: 


catching small fish and shrimps in the rivers after 
they have stripped off the green part which furnishes 
the fibre. The under part of this green leaf (which is 
not exposed to the light, as it remains folded) is of a 
pale greenish yellow colour, and from that side the 
inner skin can be peeled off in the same manner as 
the skin on the outside of a pea pod, except that it 
peels off straight to the tip without breaking. It is 
then of the palest green, and after being dried in the 
sun assumes a light straw colour. This is the rafia 
fibre of commerce. It was originally sought for by 
the natives for use in articles of clothing. The men 
bring in the fronds, and women and girls weave it on 
handlooms, of any coarseness or fineness. Woven just 
as it is peeled off from the fronds, it forms a kind of 
sacking used for wrapping goods, while the perfection 
of the art, as known by the Hovas only, is to weave 
a tissue of which the warp is rafia fibre split very fine, 
and the weft of white silk. This gives an article 
called silk lamba, which fetches fancy prices in 
Europe and America. The coast tribes use it 
for clothing, but uf moderate fineness, with dyed 
stripes of indigo, saffron, black,.and a dirty green. 
It is a cold, comfortless looking material, and 
refuses to adapt itself to any folds that a sculptur 
would care to copy. Rafia fibre is used in Mada- 
gascar by nurserymen, gardeners, &c., for tying up 
vines and flowers, and possibly for grafting. It 
possesses the advantage of being “as soft as silk, and 
is not affected by moisture or change of temperature 
so as to risk cutting or wounding .the most delicate 
tendrils, and it does not break or ravel when folded 
or knotted. These qualities bring it into use all over 
Europe, and consequently maintain its price. It is 
virtually inexhaustible in Madagascar, the supply 
being limited only by. the scarcity of labour. For 
export the fibre is merely collected in [irge skeins 
twisted up or plaited, and then haled like raw cotton. 
Madagascar exports about 20,000 bales annually. 


THE WORLD'S TIMBER SUPPLY. 
The following correspondence respecting Dr. 
Schlich’s paper (see ante, p. 248), appeared in Zhe 
Times of March 4th and 6th :— 
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Dr. W. Schlich, in the course of his paper on the 
“ Outlook for the World’s Timber Supply,” advo- 
cates the afforestation of our waste lands and moun- 
tain and heath lands. 

All will agree with the value of this renewed 
suggestion, and earnestly hope that it will lead to 
practical effect. But it is necessary to remind one- 
self, and perhaps the audience addressed by Dr. 
Schlich, that one of the chief reasons why landowners 
are not eager to plant woods and forests arises from 
the incidence of the rates. Although a wood may 
take 60 to 120 years to mature, and during that time 
the only profit gained by the owners will be one fall 
of underwood in the tenth or twelfth year, and sub- 
sequently the thinnings of poles and saplings, still 
during the whole of this time rates will have to be 
paid as on land producing annual crops. Supposing 
the rates were 2s. per acre only, by the time the wood 
matures the owners would have paid from £6 to £12 
per acre, and the grandson or perhaps great-great- 
grandson of the original planter will fell the full- 
grown timber. 

It has often been urged that timber and woods of 
whatever age should pay rates only when the profits 
accrue. This might necessitate some elaborate 
accounts on the part of the local authorities, but 
would certainly promote tree-planting. It should 
not be forgotten that the original expense of planting 
is very heavy. W. A. B. 


In to-day’s issue of The Times “W. A. B.” re- 
minds the audience which was good enough to listen 
to my paper on the above subject at the Society of 
Arts on February 27th, ‘‘ that one of the chief reasons 
why landowners are not eager to plant woods and 
forests arises from the incidence of the rates.” On 
reference to my paper ‘“ W. A. B.” will see that I 
drew attention to the matter and suggested, as the 
most simple method of meeting the case, that 
“ afforested land (waste) might be exempt from tax- 
ation for a number of years.” When once that 
principle has been adopted it will be easy to fix the 
number of years according to the species which have 
been planted. 

W. SCHLICH. 

Cooper’s-hill, March 4. 


Obituary. 


a 


ProF. G. F. FITZGERALD, M.A., D.Sc., F.R.S.— 
George Francis Fitzgerald, Erasmus Smith Pro- 
fessor of Natural and Experimental Philosophy in the 
University of Dublin, died on Thursday, 21st ult., at 
his residence, 7, Ely-place, Dublin. He was the son 
of Dr. Fitzgerald, successively Bishop of Cork and 
Killaloe, and was born in Dublin in 1851. He was 
educated at Trinity College, Dublin, where he had 
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a most distinguished career. He was elected a 
Fellow of the Royal Society in 1883, and in 1888 
was President of Section A, British Association. 
In 1896 he delivered the Helmholtz Memorial 
Lecture before the Chemical Society, and in 1899 the 
Royal Society awarded him a royal medal for “ his 
brilliant contributions to Physics,” more especially 
researches in ‘‘the domain of Radiation and Electrical 
Theory.” His publications on Physics were numerous 
and important. 

Prof. Fitzgerald was elected a member of the 
Society of Arts in 1892, and was an occasional 
attendant at the meetings. 


General Notes. 
— 


PORTRAITS OF MEMBERS.—Messrs. Maull and 
Fox have just presented the Society with a further 
series of cabinet-sized photographic portraits of 
members which have been added to those previously 
received, and are arranged alphabetically in boxes. 
Messrs. Maull and Fox have expressed their willingness 
to take a photograph of each member of the Society 
gratuitously, and to present a copy to the sitter. 


Curve TEMPLATES. — Messrs. Cassell and 
Company have published a series of “ Reversible 
Homogeneous Scaled Curve Templates,” prepared by 
Prof. Robert H. Smith. These are intended to take 
the place of the less accurately devised templates 
used for drawing curves by mechanical draughtsmen. 
The peculiarity is, that the curve of each template is 
struck from a centre at a radius varying by a given 
fraction of a unit. The sharpest curve has a radius 
varying constantly by }-inch in the inch of arc, the 
flattest one varying by six inches in the inch of arc. 
A scale of inches, decimally divided, is scaled and 
figured along each edge. At each inch is also given 
the corresponding radius. This enables the draughts- 
man, in passing from one curve to another, to make 
sure that, at the joining point, curves of equal radius 
may be caused to meet. A short pamphlet included 
in the box of templates, gives an explanation of the 
system and instructions for its use. 


MEETINGS OF THE SOCIETY. 
ORDINARY MEETINGS. 


Wednesday evenings, at Eight o’clock :— 

MARCH 13.—“ The Proposed High-Speed ‘ Mono- 
rail’ between Liverpool and Manchester.” By F. B. 
BEHR. SIR WILLIAM PREECE, K.C.B., F.R.S., 
will preside. 

MARCH 20.—‘‘ Evolution of Form in English 
Silver Plate.” By Percy T. Macquorp. SIR 
SAMUEL MONTAGU, Bart., will preside. 
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MARCH 27.—“ Clocks, Carillons, and Bells.” By 
A. A. JOHNSTON. 

APRIL 17.—*‘ The Synthesis of Indigo.” By 
Pror. RAPHAEL MELDOLA, F.R.S. Sır HENRY 
E. Roscoe, LL.D., D.C.L., F.R.S., will preside. 

APRIL 24.—“ Patent Law Reform.” By 
ALEXANDER SIEMENS. The Right Hon. the LORD 
CHIEF JUSTICE, G.C.M.G., will preside. 

MAY 1.— “Thames Steamboat Service.” By 
ARNOLD F. HILLS. SIR FREDERICK BRAMWELL, 
Bart., D.C.L., F.R.S., Treasurer of the Society, will 
preside. 


Dates to be hereafter announced :— 

« Multicolour Printing.” By ELMER Z. TAYLOR. 

‘Recent Work on the Photography of Colour.” 
By Sır WILLIAM ABNEY, K.C.B., F.R.S. 

“School Work in Relation to Business.” By 
Sır JOSHUA FitcH, LL.D. 

‘‘Testing Distant Vision.” 
CARTER, F.R.C.S. 

“The Use of Motors in War.” 
R. E. CROMPTON. 

“ Servia.” By EVERARD R. 
M.Inst.C.E. 

‘“ The Industrial Resources of Portugal.” By J. 
BATALHA-REIS. 


By R. BRUDENELL 
By COLONEL 


CALTHROP, 


INDIAN SECTION. 
Thursday afternoons, at 4.30 o'clock :— 


MARCH 14.—‘‘ The Growth and Trend of Indian 
Trade—A Forty Years’ Survey.” By HENRY JOHN 
Tozer, M.A. The Right. Hon. LORD GEORGE 
HAMILTON, M.P., will preside. 

MARCH 28.—‘‘The Greek Retreat from India.” 
By COLONEL SIR THOMAS HUNGERFORD HOLDICH, 
R.E., K.C.LE., C.B. The EARL of HARDWICKE 
will preside. 

APRIL 18.—‘ Madras the Southern Satrapy.” By 
Joun Davin Rees, C.LE. 

May 2.—“ Science in Ancient and Modern India.” 
By ProF. JAGADIS CHANDRA Bose, M.A., D.Sc. 

May 16.—“ The Town and Island of Bombay— 
Past and Present”? By L. R. WINDHAM FORREST, 
formerly Chairman of the Bombay Chamber of 
Commerce. ° ` 

The meetings of March 14, April 18, and May 2 
will be held at the Society of Arts; those of 
March 28 and May 16 at the Imperial Institute. 


COLONIAL SECTION. 


Tuesday afternoons, at 4.30 o’clock :— 

MARCH 26.—‘‘ The Commonwealth of Australia.” 
By the Hon. StR JOHN ALEXANDER COCKBURN, 
K.C.M.G. 

APRIL 30.—“ The British West Indies.’’ By Sir 
NEVILE LuBBock, K.C.M.G., Chairman West India 
Committee. 

May 7.—‘‘ The Coal Problem—its Relations to the 
Empire.” By LIEUT. CARLYON W. BELLAIRS, 
R.N. 
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APPLIED ART SECTION. 
Tuesday evenings, at 8 o’clock :— 


MARCH 12.—‘ Some Examples of Romanesque 
Architecture in North Italy.” By HUGH STANNUS, 
F.R.I.B.A. THomMAS G. JACKSON, R.A., will 
preside. 

APRIL 16.—“ Greek Vases, their Evolution of 
Form and Ornament.” By CECIL SMITH, LL.D. 

MAY 21.—“ The Rise and Development of Egyp- 
tian Art.” By PRoFEssoR W. M. FLINDERS 
PETRIE, D.C.L. 


CANTOR LECTURES. 
Monday evenings, at 8 o’clock :— 


W. J. PopPE, ‘‘ The Bearings of Geometry on the 
Chemistry of Fermentaticn.’’ Four Lectures. 
February 11, 18, 25, March 4. 

MAJOR P. CARDEW, “Electric Railways.” 
Three Lectures. 


LECTURE I.—MARCH IlI. 

Historical summary and recent advances—Ad- 
vantages of electric traction—class of railway to 
which the method is most applicable—Details of 
equipment — Motors and dynamos identical in 
principle — Continuous-current motor — Counter 
E.M.F.—Efficiency—Magnetic field— Waste of power 
at start— Ward Leonard system—Series-parallel con- 
trol—Gearing—Polyyhasecurrent traction—Induction 
motor—Torque diagram—Comparison with con- 
tinuous-current motor—Cascade connection—Retum 
of energy—Frequency. 


LECTURE II.—MARCcH 18. 

Multiple unit system—Compressed air control— 
Line equipment—Third rail and overhead conductors 
—Limitations of electrical pressure—Return circuit— 
Fall of potential must be kept very small—Booster 
arrangement—Ganz’s trolley pole and other details of 
system — Generation and transmission — Distance 
apart of stations — Sub-stations — Transformers— 
Rotary converters—Accumulators. 

LECTURE ITI.—MARCH 25. 

Consideration of equipment and working of a full- 
scale railway for suburban and main traffic on the 
polyphase system. 


SIR WILLIAM CHANDLER ROBERTS-AUSTEN, 
K.C.B., F.R.S., ‘ Alloys.” 
April 22, 29, May 6, 13. 


SPECIAL LECTURES, 
Friday evenings, April 26, May, 3, 10, 17:— 
ALFRED C. EBORALL, A.I.E.E., ‘‘ Polyphase 
Electric Working.” 


MEETINGS FOR THE ENSUING WEEK. 


Monpay, Marcu 11...SOCIETY OF ARTS, John-street, 
Adelphi, W.C., 8 p.m. (Cantor Lectures.) Major 


Philip Cardew, ‘ Electric Railways,” (Lecture I.) , 


Four Lectures. 


Imperial Institute, South Kensington, S.W., 8} p.m. 
Mr. T. H. Wardleworth, ‘‘Jamaica—the Isle of 
Springs.” 

Geographical, University of London, Burlington- 
gardens, W., 8} p.m. 

Medical, 11, Chandos-street, W., 8} p.m. 

Turspay, Marcu 12..SOCIETY OF ARTS, John-street, 
Adelphi, W.C., 8 p.m. (Applied Art Section.) 
Mr. Hugh Stannus, “ Some Examples of Roman- 
esque Architecture in North Italy.” 

Royal Institution, Albemarle-street, W., 3p.m., Dr. 
A. Macfadyen, “The Cell as the Unit of Life.” 
(Lecture III.) 

Pharmaceutical, Bloomsbury-square, W.C., 8 p.m. 

Asiatic, 22, Albemarle-street, W. 4 p.m. 

Medical and Chirurgical, 20, Hanover-square, W., 
§} p.m. 

Civil Engineers, 25, Great George-street, S.W., 
8 p.m., Mr. Joseph Husband, ‘The Esthetic 
Treatment of Bridge Structures.” 

Photographic, 66, Russell-square, W.C., 8 p.m. 
Dr. Harting, ‘“‘ The Apochromatic Collinear Lens.” 

Anthropological, 3, Hanover-square, W., 8} p.m. 
1. Rev. J. A. Crump, ‘* Trephining in the South 
Seas,’? communicated by Professor Victor Horsley. 
2. Mr. J. Gray, “ Cephalometric Instruments and 
Cephalograms.”’ 3. Professor H. Louis will ex- 
hibit and describe an example of the kingfisher 
type of Malay Kris. 

Colonial, Whitehall-rooms, Whitehall-place, S.W., 
8p.m. Prof. R. Wallace, ‘‘ Agriculture in South 
Africa.” 

WEDNESDAY, MARCH 13... SOCIETY OF ARTS, John-street, 
Adelphi, W.C., 8 p.m. Mr. F. B. Behr, *‘ The 
Proposed High-Speed Electrical ‘ Monorail’ Be- 
tween Liverpool and Manchester.” 

Sanitary Institute, 74a, Margaret-street, W., 8 p.m. 
Dr. C. Childs, “ Ventilation: Success and Failures 
of Methods at Present in Use.” 

Royal Literary Fund, 7, Adelphi-terrace, W.C., 
3p.m. Annual Meeting. 

Tuurspay, Marcu 14...SOCIETY OF ARTS, John-strect, 
Adelphi, W.C., 4} p.m. (Indian Section.) Mr. 
Henry John Tozer, ‘‘ The Growth and Trend of 
Indian Trade—a Forty Years’ Survey.” 

Royal, Burlington-house, W., 44 p.m. 

Antiquaries, Burlington-house, W., 8} p.m. 

Royal Institution, Albemarle-street, W., 3 p.m. 
Prof. Percy Gardner, ‘‘ Greek and Roman Portrait 
Sculpture.” (Lecture III.) 

Electrical Engineers, 25, Great George-street, S.W., 
8p.m. Mr. A. C. Eborall, ‘‘ Some Notes on Poly- 
phase Sub-station Machinery.” 

Mathematical, 22, Albemarle-street, W., 8 p.m. 

FripAY, MARCH 15...Royal Institution, Albemarle-street, W., 
8p.m. Weekly Meeting, 9 p.m. Major Alfred St. 
Hill Gibbons, ‘‘ Through the Heart of Africa from 
South to North.” 

Mechanical Enginecrs, Storey’s-gate, St. James’s- 
park, S.W., 8 p.m. Mr. A. N. Connett, ‘‘ Com- 
bined Trolley and Conduit Tramway Systems.” 

Quekett Microscopical Club, 20, Hanover-square, 
W.C., 8 p.m. 

Saturpay, Marcu 16,..Royal Institution, Albemarle-street, 
W., 3 p.m. Lord Rayleigh, “Sound and Vibra- 
tions,” (Lecture IV.) 


ERRATA.—Dr. Schlich’s paper on ‘Timber 
Supply ” (Journal, March 1) :—P. 259, col. 1, line 1! 
from bottom, for 41,000 read 41,000,000; p. 259, 
col. 1, line 21 from bottom, for required read ac- 
quired ; p. 263, col. 2, line 11 from top, for unoccupied 
read occupied. 
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Ald communications for the Society si:ould be addressed to 
the Secretary, Fokn-street, Adelphi, London, W.C. 


Notices. 


EXAMINATIONS. 


The entries for the Society’s Examinations, 
which commence on 18th inst., amount to 
15,578, by far the largest entry which has ever 
been received for these examinations. This 
increase is mainly due to the addition of the 
elementary grade to the ordinary examina- 
tions, 4,966 candidates having sent in their 
names for this grade. There has, however, 
been no falling off in the numbers entering for 
the general examinations. For these there 
are 10,612 entries, a trifling increase on the 
number for last year—10,578. It should be 
noticed that these figures represent the entries 
for which fees have been paid, and will not 
correspond with the numbers of those who 
actually come up for examination. On an 
average about 7'4 per cent. of the entries fail 
to come up. For some years past there has 
been a steady progressive increase in the 
number of candidates, who are now more than 
six times as numerous as they were ten years 
ago. 


IND'AN SECTION. 


Thursday afternoon, March 14th, rgo1; 
SIR STEUART COLVIN BAYLEY, K.C.S.I., in 
the chair. The paper read was ‘‘ The Growth 
and Trend of Indian Trade—A Forty Years’ 
Survey,” by HENRY JOHN TOZER, M.A. 

The paper and report of the discussion 
will be published in a future number of the 
Fournal. 


CANTOR LECTURES. 


On Monday evening, 11th inst., MAJOR P. 
CARDEW delivered the first lecture of his 
course of Cantor Lectures on ‘ Electric Rail- 
ways.” 

The lectures will be published in the TOUINAL 
during the summer recess. 
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APPLIED ART SECTION. 


Tuesday evening, March 12th, Igor; 
THOMAS G. JACKSON, R.A., in the chair. 
The paper read was ‘‘Some Examples of 
Romanesque Architecture in North Italy,” by 
HUGH STANNUS, F.R.I.B.A. 

The paper and report of the discussion 
will be published in a future number of the — 
Fournal. 


HOWARD LECTURES. 


The course of lectures on ‘‘ Polyphase 
Electric Working,’’ announced to be delivered 
by Mr. ALFRED C. ERORALL, A.I.E.E., on. 
Friday evenings, April 26, May 3, 10, 17, will 
be given under the Howard Trust. 

Previous courses of lectnres under he 
Howard Trust were delivered by the late 
Sir William Anderson, K.C.B., F.R.S., in 
1884, by Prof. W. Cawthorne Unwin, F.R.S., 
in 1893, and by Prof. J. A. Ewing, F.R.S., in 
1897. 

Admission to these lectures is on the samc 
conditions as to the Cantor Lectures, each 
member having the right of admission for 
himself and a friend. 


THE ALBERT MEDAL. 


The Council will proceed to consider the 
award of the Albert Medal for 1901 early in 
May next, and they, therefore, invite: members 
of the Society to forward to the Secretary, on 
or before the 6th of April, the names of such 
men of high distinction as they may think 
worthy of this honour. The medal was struck 
to reward ‘‘ distinguished merit in promoting | 
Arts, Manufactures, and Commerce,’’ and has 
been awarded as follows in previous years :— 

In 1864, to Sir Rowland Hill, K.C.B., F.R.S. _ 

In 1865, to his Imperial Majesty, Napoleon ITI, 

In 1866, to Michael Faraday, D.C.L., F.R.S. 

In 1867, to Mr. (afterwards Sir) W. Fothergill 
Cooke and Professor (afterwards Sir) Charles Wheat- 
stone, F.R.S. 

In 1868, to Mr. (afterwards Sir) as Whitworth, 
LL.D., F.R.S. 

In 1869, to Baron Justus von Liebig, ‘Assoaiats of 


the Institute of France, For. Memb. R.S., Chevalier 
.of the Legion of Honour, &c. 


In 1870, to Vicomte Ferdinand de Lesseps, 
Member of the Institute of France, Hon. G.C.S.I. 

In 1871, to Mr. (afterwards Sir) Henry Cole; 
K.C.B. 

In 1872, to Mr. (afterwards Sir) Hey Bessemer, 
F.R.S. 
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In 1873, to Michel Eugéne Chevreul, For. Memb. 
R.S., Member of the Institute of France. 

In 1874, to Mr. (afterwards Sir) C. W. Siemens, 
D.C.L., F.R.S. 

In 1875, to Michel Chevalier. 

In 1876, to Sir George B. Airy, K.C.B., F.R.S., 
Astronomer Royal. 

In 1877, to Jean Baptiste Dumas, For. Memb. R.S., 
Member of the Institute of France. 

In 1878, to Sir Wm. G. Armstrong (afterwards Lord 
Armstrong), C.B., D.C.L., F.R.S. 

In 1879, to Sir William Thomson (now Lord 
Kelvin), LL.D., D.C.L., F.R.S. 

In 1880, to James Prescott Joule, LL.D., D.C.L., 
F.R.S. 

In 1881, to August Wilhelm Hofmann, M.D., 
LL.D., F.R.S., Professor of Chemistry in the 
University of Berlin, 

In 1882, to Louis Pasteur, Member of the Institute 
of France, For. Memb. R.S. 

In 1883, to Sir Joseph Dalton Hooker, K.C.S.I., 
C.B., M.D., D.C.L., LL.D., F.R.S. 

In 1884, to Captain James Buchanan Eads. 

In 1885, to Mr. (afterwards Sir) Henry Doulton. 

In 1886, to Samuel Cunliffe Lister (now Lord 
Masham). 

In 1887, to HER MAJESTY QUEEN VICTORIA. 

I« 1888, to Professor Hermann Louis Helmholtz, 
For. Memb. R.S. 

In 1889, to John Percy, LL.D., F.R.S. 

In 1890, to William Henry Perkin, F.R.S. 

In 1891, to Sir Frederick Abel, Bart., G.C.V.O., 
K.C.B., D.C.L., D.Sc., F.R.S. 

In 1892, to Thomas Alva Edison. 

In 1893, to Sir John Bennet Lawes, Bart., F.R.S., 
and Sir Henry Gilbert, Ph.D., F.R.S. 

In 1894, to Sir Joseph (now Lord) Lister, F.R.S. 

In 1895, to Sir Isaac Lowthian Bell, Bart., F.R.S. 

In 1896, to Prof. David Edward Hughes, F.R.S. 

In 1897, to George James Symons, F.R.S. 

In 1898, to Professor Robert Wilhelm Bunsen, 
M.D., For. Memb. R.S. 

In 1899, to Sir William Crookes, F.R.S. 

In 1900, to Henry Wilde, F.R.S. 


_A full list of the services for which the 
medals were awarded was given in the last 
number of the Journal. 


Proceedings of the Society. 
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INDIAN SECTION. 


Thursday, February 28th, 1901, Sir JOHN 
WOLFE BARRY, K.C.B., F.R.S., Member of 
Council, in the chair. 


The paper read was— 


RAILWAYS AND FAMINE. 
By Horace BELL, M.INST.C.E., 


Late Consulting Engineer to Government of India 
for State Railways. 

In putting this brief paper before the Society 
of Arts my intention is to offer it as little more 
than a text for consideration and discussion, 
and possibly for destructive criticism. I wish 
to invite attention to a point which, as far as I 
am aware, has not yet been raised in dealing 
with famine problems, whether in India or 
elsewhere. This is one aspect of the relation 
between famines, or scarcity, and the railway 
system of a country. The general, and indeed 
the natural, conception of this is that railways 
must obviously be a powerful agency for good, 
and that the more railways a country has, the 
less likelihood will there be of pronounced food 
scarcity. Now, it seems to me that, under cer- 
tain conditions, this view may possibly be in- 
correct, or that at least some important quali- 
fications are necessary before it can be accepted 
as a sound maxim. 

The constantly recurring famines in India, 
and the very serious one which has occurred 
during the last three or four years, offer an 
instance of unexampled magnitude and im- 
mediate interest to us in this respect. When 
we consider that for nearly four successive 
years, the Government and public charity have 
worked together in the endeavour to suitably 
employ and feed millions of half-starving and 
demoralised people, and that in spite of this, 
the loss of human life and of live-stock has 
been appalling, and in a great degree inevitable, 
it is time to ask ourselves whether we cannot 
find out some means of preventing these 
calamities, instead of only meeting them as 
they occur, with heroic measures of relief. 

The primary cause of scarcity in India, 
or indeed in any country, is manifestly 
deficient rainfall. Scarcely a year passes 
without some area experiencing a more or less 
serious deficit, the results of which can now, 
however, be greatly minimized by means of 
improved communications. But, when, as has 
lately happened, vast areas have been affected, 
and the stress has been intensified in spite of 
these better communications, until food has 
risen to famine prices, and five millions of 
people have been under relief, it is a matter for 
grave consideration whether we have not over- 
looked other and secondary causes or con- 
ditions which may have arisen, or may have 
become more active in recent years. There 
have been attempts made in the Press of late 
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to show that the land tax is in some degree to 
blame for the inability of the poorer classes to 
meet the strain of continued scarcity; that is 
that the money margin, to meet bad years, has 
either been wholly wanting, or was insufficient. 
This view is not supported by any of those who 
have had ample means of judging, while those 
who urge this as a cause of agricultural dis- 
tress, or of famine troubles, can know but little 
of the ways of the class affected, and still less 
of the effect of a land tax on the economic con- 
dition of the people in India at the present day. 
The tax, or more properly the rent on the land, 
is probably, if not certainly, lighter in India, 
as compared with the average income of the 
cultivator, than in any country in the world, 
and is, moreover, assessed by officers who are 
second to none in their ability to gauge the 
value of the land in all its bearings, or the 
value of the labour that is put upon it. The 
best proof of the lightness of our land assess- 
ments is a comparison between the condition 
of our people now, and what they were, and are 
now, under native rulers. We must certainly 
seek for other causes than this. Again, there 
is no inconsiderable body of Indian officials 
who would charge us with the neglect of irri- 
gation, and who, like the late Sir Arthur Cotton, 
regard with confidence the possibility of giving 
water for cultivation purposes over nearly the 
whole peninsula, and consequently preventing 
famine by this means for evermore. I need 
not go into the technical objections which 
forbid any such hope. It is sufficient to say, 
on the authority of Lord Curzon, and of his 
professional advisers, that the area now remain- 
ing in India which could be profitably benefited 
by irrigation projects, is not more than four 
million acres. 

My own idea is, after some study of the 
subject, that taking the average of good and 
bad seasons, India is unable to stand the drain 
of its present export trade in foodstuffs; that 
the agency we have looked to to avert scarcity, 
or famine if you like, is on the whole acting 
the other way—lI refer to our Indian railway 
system. Viewed generally, the direct and in- 
direct benefits to India of its railway system 
are in very many ways incalculably great, and 
it is to this potent agency that the mental and 
material development of that Empire is to be 
largely attributed. No sane person, no one 
more particularly who has been a witness of 
this development, would contemplate for a 
moment any curtailment of our efforts to extend 
railwaysin India; but it seems open to question 
and deserving of very grave consideration, 
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whether, in view of the economic condition of 
the country, the habits of the people, and 
the geographical position as regards the 
possibility of outside food supplies, the railways 
are not serving to deplete in good seasons the 
margin which should be held in order to meet 
possible scarcity in bad seasons. Or, to put it 
another way, may it not be necessary, in face 
of approaching difficulties, to impose some 
restriction on the export of food grains ? 

The recommendations of the Indian Famine 
Commission of 1879-80 laid great stress on 
railway communication as a powerful agent in 
alleviating, if not preventing, the occurrence 
of scarcity. It was then considered that if 
another 10,c00 miles of railway could be added 
to the then existing system, the country might 
be reasonably considered to be fully protected 
against anything approaching famine. Sir 
Henry Cunningham, who was a prominent 
member of the Commission, says in his book 
‘‘ British India and its Rulers,” that ‘‘the 
question whether there shall cver again exist 
in any part of India that dreadful state of 
things when food is not obtainable at any price, 
or that scarcely less dreadful condition when 
the price is practically prohibitory to all but 
the wealthy, is entirely one of railway construc- 
tion.” The ten thousand miles of railway then 
considered essential has long sirce been made, 
but scarcity and even famine have come often 
enough since in spite of this, while during the 
past three years, instead of being confined to 
one or two provinces, as in 1876-78, they have 
practically affected one half of our Indian 
Empire. May it not, therefore, be urged that 
neither Sir H. Cunningham nor his colleagues 
were able to realize that under such conditions, 
t.e., as affecting the supply of food in India, a 
system of railways, without collateral safe- 
guards, might be a not unmixed good? It is 
true that the present railway system has been 
largely instrumental in the recent famine in 
preventing what Sir H. Cunningham has called 
‘that dreadful state of things, when food is 
not obtainable at any price,” but has it been 
able to prevent, and indeed may it not have 
largely contributed to create, that ‘‘ scarcely 
less dreadful condition when the price is 
practically prohibitive to all but the wealthy” ? 

I put forward this view with all diffidence, 
knowing full well what an extremely difficult 
question it is to deal with, and how many 
interests are involved in its solution. We know 
that railways have led to a. great increase of 
the cultivated area; we may think that the 
produce of this increased area affords a larger 
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margin of food supply, which, instead of being 
exported, can be diverted to the needs of the 
country in time of expected scarcity. We are 
further well assured that railways will enable 
us to meet the scarcity in one province by throw- 
ing food into it from another more favourably 
circumstanced, and that they offer facilities to 
a stricken population of moving to more 
favoured localities. But have we sufficiently 
considered that with better roads, and with the 
help of the Suez Canal, railways now serve to 
give the country countless outside markets for 
its produce, and so keen and so well-to-do are 
her customers, that possibly too much of the 
food of the people is drained away; while 
areas which formerly grew only food grains, 
now yield oil seeds, cotton, jute, and other 
products, for use in European countries. The 
reply to this of the rigid economist would 
doubtless be, that by the sale of their produce, 
the people have the means wherewith to buy 
food. But, if food cannot be purchased, or only 
purchased at a price utterly beyond the means 
of the people, this argument is at once nullified, 
and, indeed, it is a fact, I believe, now well 
established, that in time of famine, the want of 
money to buy food is quite as marked as the diffi- 
culty in providing any food for sale. A very 
small proportion of the profits of an export trade 
remains for the growers of the produce, while 
to the ‘‘hand-to-mouth”’ wage-earning labourer 
famine means that the fields are uncultivated 
and no wages forthcoming. 

Moreover, in considering this question, as 
regards India or any country similarly situated, 
it is pre-eminently necessary to bear in mind 
the enormous distances over which food may 
have to be carried, and its consequent increased 
cost, in the case when scarcity covers so wide 
an area as it has done in the recent famine. 
Still more is it necessary to realise the few 
ports which India has at present for large 
vessels, for they may be counted on one hand. 
Above all, India has practically but one re- 
source for imported food, viz., in Burma. The 
millions that were affected in Central India 
during the last three years had to look for their 
food supply to places 400 or 500 miles away, 
and there even prices were at figures which in 
ordinary times would be considered those of a 
famine period. In fact, in time of pronounced 
scarcity, India has practically no hope of help, 
save from Burma, beyond its own resources, 
and the result was shown in the current year, 
when the average price of food in the grain in 
the affected districts could never have been 
much less than one pound fora penny. This 


does not perhaps convey much to the English 
reader, but what it means in India can be 
realised by the fact that probably go per cent. 
of the adult men, the heads of families who 
are affected in time of famine, have, on the 
average, an income in good times of but little 
more ten shillings a month. In good seasons, 
with the help of the family, and when the 
coarser food grains are obtainable at some- 
thing like a farthing a pound, this class, with 
its few wants and simple life, are by no means 
worse off, from their point of view, than the agri- 
cultural labourer in Europe. But the margin 
is still perilously small, and the prospects of. 
the harvest and the price of the most elementary 
food is their one constant source of anxiety. 

Thus, while the bulk of the agricultural] 
class, or, in other words, the great majority of 
the population, even at the best of times, has 
to be content with very slender means, and on 
very precarious conditions, we cannot wonder 
that the temptation to sell surplus produce too 
largely in good seasons is well nigh irresistible, 
for they are in face of the incessant, the 
insatiable demands of foreign markets. In the 
sense of the prosperity of the large landholders, 
the produce dealers, and the shareholders in 
Indian railways, these demands have made the 
country richer; but when a bad season comes. 
or, as has happened lately, a succession of 
them, the villagers’ grain pits, which in old. 
days were filled to meet such times, are found 
full no longer, and trouble comes on large 
numbers now with a certainty and rapidity 
which was formerly quite exceptional. In fact, 
the tendency nowadays is towards selling 
all surplus beyond what may be needed till 
the next harvest. To us, accustomed to the 
import of foreign food stuffs, this would seem 
the common sense thing to do; but is it so in 
India, where any deficit cannot be adequately. 
met by importation? This last condition is 
the keynote to the situation, and it would seem. 
difficult to avoid arriving at the conclusion 
that some means must be devised for protecting. 
an ignorant and improvident people from them- 
selves, if we are to indulge in any reasonable 
hope of mitigating the effects of scarcity in the. 
future. 

It may seem rash, or at least strange, at the 
present day, to suggest that the remedy may 
possibly lie in the restriction in due season of 
food exports; but we must look at it from other. 
than our insular standpoint. To those who 
have been born and bred under the doctrine of 
unfettered trade; who, like ourselves, can 
boast of a wide seaboard, with countless ports, 
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fed by a world-spread mercantile navy; and 
thus within easy and cheap access to food-pro- 
ducing centres; who, moreover, have learnt 
the hard lessons of thrift and foresight; it may 
well be that this remedy may appear at first 
sight to be an unnecessary, or even a dangerous 
one. The most obviously possible danger is 
that the mere contingency of a restriction on 
exports might lead to a permanent decrease in 
the area under food grains; but I cannot 
regard this as a probable result, for the good 
reason that export would only be under restric- 
tion in view of the prospect of aggravated 
scarcity, and in such case, the grower or 
holder of grain would find his best market at 
home. But, in any case, it will be allowed 
that a restriction on the export of food under 
the expectation of scarcity, is no new remedy, 
although to us here it has doubtless, and not 
unnaturally, appeared to be a false step. Yet 
we cannot but see that economic problems 
need different solutions in different latitudes, 
and under different conditions, and that what 
might be folly here might be wise statesman- 
ship elsewhere. 

In the case of India, we may notice in the 
recently passed Punjab Land Alienation Act, 
a startling, though probably sound piece of 
tegislation, which could never have seemed to 
be remotely needed in our country. This Act 
has been deliberately passed with the object 
of protecting the landowner from the money 
lender, or, in other words, to prevent the free 
exchange of land for money. It is unnecessary 
to go into the causes and disastrous effects 
which have led, after years of discussion, to 
the passing of this Act; but its radical cause 
is undoubtedly to be found in improvidence 
festered by the knowledge that land was 
readily transferable—a condition of which we 
have. had experience nearer home in past days. 
It is surely but a short step from this to restric- 
tion on the export of food stuffs at a time 
when serious scarcity appears to be impending 
and inevitable over wide areas. “That excep- 
tional conditions exist in India as regards the 
demand and the supply of food grains cannot 
be ‘denied, and it is impossible to’ resist the 
suspicion that exceptional remedies may be 
needed to prevent widespread trouble. It may 
happily be shown on full inquiry that the need 
for such action has not yet been even remotely 
indicated in dealing with the scarcity of the 
years 1897-1900; but until, and unless, it can 
be amply proved that even under such dire 
conditions, India ean find. sufficieat food, and 
at a. price at which the people can afford ta 


purchase it, there will continue to be fair 
grounds for the belief that the extension of 
railways, without some safeguard, must mean 
that the trouble, in a succession of bad seasons, 
will be intensified through the agency ofa 
power which we have hitherto regarded in a 
totally different light. 

It is of no avail to argue that famines have 
been known in India as far back as we have 
any record on the subject, and that we must 
be prepared to meet them now, as then, by 
relief measures. The difficulty in famine 
relief then lay mainly in the want of means of 
transport. There was ample store of food 
somewhere, but it could not be brought to the 
afflicted areas. There were then no railways, 
and but few main roads on which carts could 
travel in all weathers, and the people died, as 
they have even in our country in past days, 
from the inability to bring food to their doors 
in time, or at a price which the people could 
afford to pay. Now, we have, say, 25,000 
miles of .railway in India, and connected with 
them there is now a vast, though still inade- 
quate, system of made and bridged roads, 


and food can in most of the provinces be 


moved readily and cheaply. But the dis- 
tances are great in India, while the railways 
and roads which can bring food can and do 
also take it away to the seaboard for export. 
If India could afford to import food in bad 
seasons as easily and cheaply as can be done 
by us at home, or by any European State, the 
problem of famine relief would be greatly sim- 
plified. But this cannot be done. Beyond her 
own resources, as I have said, India has but 
one place to which she can look for help, z.e., 
in Burma; but even this may fail her, or the 
price of grain imported from that source may 


| have to be carried so far by sea and by rail- 


inland thatits price is prohibitive. - 

This point seems to have received but scant 
attention in the report of the Famine Com- 
mission of 1898. They notice that one effect 


' of railways has been to create a remarkable 


feature in the recent famine, viz., the uniform 


` level of prices of food all over the country ; 


while they hold that if railways increased the 
area of distress, they greatly diminished its 


intensity. They, moreover, recognised that the 


demand for export was a factor for some con- 


. sideration, but appeared to believe that the 


rise of prices in India due to the approach of 


: famine would contract or stop exports, and 


rightly pointed out that a demand for export 
depended on other: considerations than the 
quantity of grain available in the country. 
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On the all-important point involved in this 
question, in signing their report in October, 
1898, and ignorant of what was to happen in 
1899 and 1900, they made the following very 
significant statement:—‘‘After a prolonged 
inquiry into the out-turn and consumption of 
food in British India and the ordinary surplus 
available for storage, export, or luxurious use, 
they arrived at the conclusion that for the 
time being, and until the then estimated 
yearly surplus was absorbed by the increase of 
population which might reasonably be antici- 
pated, there was no doubt that the surplus 
produce of India taken as a whole was sufficient 
to furnish the means of meeting the demands 
of any part of the country likely to suffer from 
famine at any one time.’ But what is this 
surplus? In paragraph 587 of the Com- 
mission’s report we find it stated, on the basis 
of figures given by the Famine Commission of 
1879-80, that the present out-turn of food 
grains may be 56,000,000 tons, and that the 
surplus is probably no more than 1,700,000 
tons. On the other hand, based on figures 
afforded recently by Local Governments, the 
consumption is put at 58,500,000 tons and the 
surplus as high as 9,500,000 tons. The Com- 
missioners admit that this ‘‘ normal surplus is 
placed too high, as the exports from India and 
Burma by sea, for a series of years, and the 
tendency of prices to rise, indicate the existence 
of a much smaller margin.’’ But these figures 
are, it may be assumed, based on the out-turn 
of at least ordinarily goodseasons. What will 
happen when, as in 1897, 1898, 1899, and 1900 
there is a succession of bad seasons, extend- 
ing in the latter year over an enormous 
area ? 

On the whole, in fact, the Commission 
thought that the real available surplus, z.e., in 
a normal year, would not be greater than what 
it was estimated to be by the Famine Com- 
mission of 1880, viz., 5,165,000 tons. It is to 
be carefully noted that this would represent 
the entire surplus, z.e., the amount which would 
have to meet an export demand. Let us see 
now what one year’s deficiency may result in. 
The Commission says, in paragraph 585, that 
it was computed that in 1896-97, the food out- 
turn of British India (excluding Burma) repre- 
sented a deficiency of 18,000,000 or 19,000,000 
tons. Would it be wrong to assume that an 
even greater deficiency occurred in each of the 
years 1898-99 and 1900? Yet in 1898 and 1899, 
the export of food still went on. In the former 
year, the export of wheat alone was nearly 
1,eve.000 tons. and in the latter considerably 


over 1,000,000 tons, while the export of grain 
of all kinds and seeds in these two years were, 
respectively, in round figures, 8,750,000 and 
10,500,000 tons. Note, then, that the surplus, 
including export demand, in a normal year, is 
only a little over 5,000,000 tons, and the deficit 
of one not very bad year was 18,000,000 to 
19,000,000 tons, and that export still went on, 
even in such bad years as 1898-99. 

The Famine Commission (1898) admits that 
there was then some evidence to the effect that 
the export trade and the general improvement 
of communications ‘‘ have tended to diminish 
the custom of storing grain, as a protection 
against failure of harvest, which used to be so 
general among the agricultural elasses.’’ 
They further remark that, while the price of 
food has notably risen of late years, the cash 
wages of the great bulk of the people have not 
risen in the last twenty years ‘‘in due propor- 
tion to the rise in the price of the necessaries 
of life,” and that their power of resisting the 
difficulties of a time of scarcity seems to be 
increasing. They, moreover, show, as might 
be expected, that in a famine the rise of labour 
wages does not accompany a rise in the price 
of food, and they might have added that 
normal wage may, and does, in fact, actually 
disappear in a bad and long-continued famine. 
In face of such facts and figures, and espe- 
cially of the fact that the importation of food 
into India is practically restricted to one 
limited and precarious source, can we reason- 
ably resist the conclusion that the average 
normal surplus of food out-turn in India may 
be wholly insufficient to meet the stress of a 
succession of years of scarcity? This evidently 
means that India cannot afford to export food 
except in abnormally good years, and, more- 
over, that the immense area now under cultiva- 
tion for seeds for export should really be 
growing food, z.e., the millets and pulses which 
form the staple food of the people... 

No one of our great Indian administrators 
had a wider knowledge of famine questions 
than Sir George Campbell. I find, since the 
above was written, that in his evidence before 
the Select Committee of 1878 on Indian Public 
Works, he said :— 


“ Then there is another very important view which 
I think it necessary to bear in mind. We are very 
much alive to the fact that improved communications 
have the effect of enabling us to meet famines in a 
way in which they never were met before; but we 
must also remember that there is another view of the 
question, that those improved communications lead 
to the export of grain and a cessation of the old 
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native habit of hoarding grain, which was formerly a 
very great security against famine.’’ 
Further on he says on the same subject :— 
‘ Nowadays there is nothing so comspicuous in the 
recent famines as the extent to which the country has 
been denuded of supplies of grain by the facilities of 
exportation which such means of communication have 
afforded. In Orissa, it is actually the case that up to 
the month of March of the famine year, a very active 
export of grains was going on, that is within six 
weeks of the time when the country was in the throes 
of the most frightful famine. The traders had mis- 
calculated. In Bengal, during the greater part of the 
famine, whilst the Government were importing with 
one hand, the traders were exporting with the other, 
so that a very great drain took place. I have not the 
least doubt that on general economical grounds, the 
result of improved communications is a very good one. 
It is very much better that the cheap grain of cheap 
years should be brought to market in the quantities in 
which it is wanted and that it shonld be imported in 
years of dearness and scarcity, but from a financial point 
of view it leaves the evil just as great as ever it was, 
because although it is perfectly true that the means 
of communication enable you to bring into a famine 
district in a bad year the grain which is there wanted, 
still that does not give the people the means of 
buying the grain. What has happened of recent 
years is that, there being no grain stores in the 
country where those famines have occurred, the grain 
being brought in through improved communication, 
it has been necessary either to supply the grain to 
the people, or to furnish the means of buying the 
grain. And, therefore, although you may have suc- 
ceeded more or less, sometimes more and sometimes 
less, in obviating the mortality by famine, you have 
done so at enormous expense, and that expense is 
increasing from famine to famine.... I think 
this a subject which is very necessary to work out.’’ 


There is no mention here, however, of the 
impossibility of importing food from outside, 
nor of the possible need for restricting export. 

Another [ndian Famine Commission has just 
been instituted (in December last) by Lord 
Curzon, and is now, it is to be presumed, in 
course of investigating the phenomena of our 
latest troubles. In the instructions to this 
Commission, no reference can be found to the 
point I have dealt with in this paper, or 
indeed to any consideration of preventive 
measures. The whole scope of the enquiry 
appears to be limited to the too obvious 
subject of famine relief organization; the idea 
of prevention having been either ignored or 
set aside as being beyond the field of practical 
politics. 1think this is a mistake, and the less 
justifiable, in face of the evidence on the subject 
of the effect of the export trade on famine which 
has been taken before former Commissions. 
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Let us by all means perfect our relief system, 
but do not let us lose light of the main thing 
which must surely be to take such steps as will 
render relief in the future a negligible quantity. 
I hold that we cannot allow ourselves to main- 
tain the view that, under present conditions 
famine in India is inevitable, any more than it 
should be in England, z.e., if we rightly esti- 
mate the effects of secondary causes, and are 
prepared to grapple with them. 

I am conscious that the title of this paper 
would justify the expectation that it should 
have covered more ground ; that it might have 
referred to effects in other countries which 
have suffered or may suffer from famine under 
somewhat parallel conditions; but I found 
myself obliged to be content with using an 
example which is, or should be, of absorbing 
interest to us, and to leave the application of 
my views as regards other countries to those 
who will take the trouble to read between the 
lines. It seems to me to be quite possible that 
more than one of our well-known sources of 
food supply may, ere long, find that unrestricted 
export, whether of food or other things, tend 
towards national disaster more or less acute, 
and offer a problem, the solution of which may 
perchance be found in the direction I have 
indicated. 

I urge, in conclusion, that we have to allow 
as a fact that famine in India has not, as was 
expected, been prevented by our railways, for 
we have just gone through probably the worst 
one that she has ever experienced. Are we to 
be content to sit down and wait for the next 
one, meanwhile doing no more than still 
further perfecting our relief measures in the 
light of our recent experience? Or shall we 
not rather devote ourselves at once to seek the 
radical causes of scarcity, and endeavour to 
prevent the trouble, instead of merely trying to 
alleviate it when it comes? We take infinite 
pains nowadays and spend largely here at 
home, and in a lesser degree in India, in sani- 
tary measures, with the object of lowering the 
death-rate, or, in other words, in the prevention 
of disease. Are we powerless, then, to pre- 
vent, at least in a great degree, such an 
appalling calamity as a famine implies? My 
own idea—I may be wrong—is that situated as 
India is, as regards importation of food, one 
most obvious and necessary step is to restrict 
exports in the face of expected scarcity. 

This is no more than a mere outline sketch 
of what appears to be a serious and difficult 
problem, that is to say, if it can be taken to 
mean that we can no longer permit the un- 
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restricted export of food, and perhaps of other 
produce ; or, to put it in plain English, that 
we must place an export duty on such produce, 
either permanently, or at least when scarcity 
is in view. The far-reaching effects of such an 
impost, or even the possibility of it, cannot, I 
allow, be exaggerated. It would for a time to 
some extent affect the balance of trade be- 
tween India and Europe; it might, though 
imperceptibly, disturb the value of land, and 
in many directions temporarily affect the fiscal 
position of the Government, and of the railway 
administrations. But grave as are these effects, 
they would seem as ‘nothing if the restriction 
brought immunity from possible famine, and 
from the train of misery, suffering and ruin, 
not to mention the cost in money, which this 
entails on the Government, and on the great 
bulk of the people. 


DISCUSSION. 


The CHAIRMAN thought the Society was to be 
congratulated on having induced Mr. Bell to bring 
so important a subject forward, because Mr. Bell 
happened to be peculiarly well fitted to take a wide 
view of the whole matter. He had had a long ex- 
perience of the physical conditions and communica- 
tions of India, and was well acquainted with the 
peculiarities of Indian life, which could only be 
grasped thoroughly by those who had lived in the 
country. Certainly he had put forward a novel and 
suggestive view of a matter affecting at the present 
time millions, of our fellow subjects, and those 
millions were increasing in so rapid a ratio that 
those who studied the future of India were some- 
what alarmed at the thought of the problems 
the next generation would have to face. The 
increase of population was dependent to a very 
great extent upon the Pax Britannica, which had put 
an end to many destructive wars by which the popu- 
lation in former times was kept down. There had 
been also a great diminution of destructive disease; 
and the great famines which were recounted in 
history must apparently have been more destructive 
than those which had been experienced since the 
Government of India began to grapple with the 
subject. In the last famine a most serious loss of 
life had to be lamented, but that loss must have been 
much less than in the old days, when there was little 
or no means of communication between the various 
parts of India. Taking all things into consideration, 
the probability was that the duration of life in India 
was higher now than it had ever been before, and 
that might be one of the reasons why the census 
returns evidently showed a considerable increase in 
the population. He was aware that the matter was 
not entirely without some argument on the other side. 
There were people who maintained that the popula- 


lation of India was not increasing by such leaps and 
bounds as would at first sight appear to be disclosed, 
and that the old statistics could not be relied upon. 
But for all that, he could not help thinking that, 
looking to the various causes to which he had 
alluded, there must be contemplated, in the time to 


| come, a very large increase in the population. The 


old famines, which were more isolated and did not 
affect very large areas of the country, were very much 
more destructive than those of the present time, and 
to that extent he thought Mr. Bell would admit that 
railway communication must be of the highest import- 
ance, because the means of transporting corn from 
one part of the country to another could not but 
prove of great value. Tae subject no doubt had a 
different bearing when considering a famine affecting 
very large parts of the country, and it was no doubt 
extremely startling to hear that in 1899 something 
like half the total deficit was exported, which was a 
thing that called for very serious consideration. 
Everybody at first sight would admit that railways 
must be an immense advantage to a famine-stricken 
country, and probably no one would deny that, given © 
a famine, they were highly advantageous in avoiding 
destruction of life. The question brought furward 
for discussion by Mr. Bell, was whether railways 
did not, in the first instance, to some extent, tend 
to produce the very difficulties which afterwards 
they afforded means of grappling with. No doubt the 
population of India was in many respects peculiar. 
The people were extremely poor, and the tempta- 
tion to sell for export must be, to many of them, 
almost irresistible. Those were difficulties which had 
to be dealt with. No one could doubt but that rail- 
ways had come to India to stay, and would be largely 
extended ; and, therefore, the point for consideration 
was if those railways introduced evils, what were the 
most effective means of combating those evils? It 
might be possible by adequate safeguards to make 
railways for the future an unmixed advantage; but 
Mr. Bell had shown sufficient reasons for questioning 
whether they were unmixed advantages in relation to 
the particular problem he had put forward. In con- 
clusion, he thought that the statesmen responsible for 
our great dependency would do well to fully consider 
the views so lucidly set forth in the paper. 


Sir STEUART CoLvIN BAYLEY, K.C.S I., C.LE., 
agreed that the Society was very much indebted to 
Mr. Bell for his interesting paper. Mr. Bell's reputa- 
tion and position would, under any circumstances, 
entitle what he had to say to most careful consider- 
ation, and the enormous importance and interests of 
the problem made it incumbent on everyone to give 
special endeavour to the solution of that problem. Mr. 
Bell said he looked not only for discussion, but even 
for destructive criticism, and he (Sir S. C. Bayley) 
thought it was possible he would get what he looked 
for. Mr. Bell had wisely confined himself to one 
single question out of the many problems of defence 
against famine, namely, that of restricting export by 


March 13, 1901.) 


sea. In the early part of the paper Mr. Bell touched 
very lightly upon some other suggested methods of 
preventing famine, but practically he had confined 
himself to the discussion of this one particular point, 
‘and the speaker hoped they would all follow his 
‘example; for however important and interesting such 
questions as the incidence of the Government revenue 
aad the extension of irrigation might be, it would be 
impossible in one afternoon’s discussion to cover more 
ground than Mr. Bell had marked out. It was quite 
large enough as it was. Mr. Bell’s object was ap- 
parently to build up local reserves of grain. The 
means which he would adopt in order to bring about 
that object were the placing of restrictions upon ex- 
portation by sea. He spoke in the early part of the 
paper as if those restrictions were to be only tem- 
porary, when the shadow of famine was already 
upon the land; but towards the end of the paper he 
appeared to have seen that that would not quite do, 
that if the restriction was to be effectual it must be 
permanent. More than that, he thought it must be 
apparent to Mr. Bell that if the exportation of food 
grains was to be restricted, the matter would have to 
be carried a little further, and the exportation of oil- 


seeds and other products grown upon land hitherto - 


devoted to grain would also have to be restricted. 
‘He hoped other speakers would deal with the general 
effect of such a restriction, its effects on the cultiva- 
tion of land, on rents and so on revenue, and 
especially on trade. For himself the one point he 
wished to confine himself to was whether the particular 
object Mr. Bell had in view could be brought about 
by the means he suggested: whether, by prohibiting 


the exportation of food beyond sea, it was possible to- 
If the prohibition — 


build up local reserves of grain. 
was only to take effect when famine was imminent, 
obviously there would be no possibility of building up 
local reserves ; and, in a general way, he thought he 
might safely say that the methods 
.would not have the effect desired. Formerly the 
cultivators stored their grain; but that was a thing of 
the past. The reason generally given why they did 
not now put their grain into store was that it was 
exported by sea, but that, he believed, was a very 
small factor in the problem. The simple fact was 
that people hoarded their grain formerly because they 
could not find a market, and they could not find a 
market because there were no means of communica- 
tion. Now that they have markets they will not risk 
‘the loss and damage inseparable from hoarding, but 
will send their grain to what markets they have, and 
the result of prohibiting exportation would merely be 
that the radius of markets would be confined to India. 
Prices would be equalised at a point rather lower than 
they were now, and there would be increased con- 
sumption; but he did not see that the remedy 
proposed would bring about or even tend in the 
direction of the strengthening of the local reserves 
of grain. With regard to the quotation made 
from Sir Henry Cunningham’s book, obviously taken 


as a general statement, it would be impossible 
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for anybody to accept the view that railways could, 
under any circumstances, bring about such a 
state of things as was there mentioned, namely, 
that when the crops failed for want of rain, 
grain would be brought to every man’s door at 
such a price that he could afford to buy it. 
There was no doubt that if Sir Henry Cunningham 
were here he would explain the extract, but they all 
knew that what they really had to deal with might be 
grain scarcity, but it was money famine. There was 
grain in the land, but there was not money to buy it. 
The very first difficulty that occurred in a famine 
was that wages ceased; the ground was no longer 
cultivated, and the landless labourers were the first 
to suffer. They had no money, and could not buy 
grain, even if it were sold at halfpenny a pound to 
them ; and to the artisans who lived on their earnings, 
the question of price when they came to relief works 
was of small importance ; but to the Government and 
to the wealthy purchaser it made a large difference 
whether the cost of grain was high or low at that 
time, seeing that the necessity then arose for 
Government relief. 


Mr. JOSEPH WALTON, M.P., said that in the 
winter of 1892-93 he had the opportunity of spending 
some six months in India and Burma, in specially 
studying the question of the necessity for a further 
extension of the railway systems of India, and also 
the question of the construction of further irrigation 
works. At that time Mr. Bell was occupying an 
important official position in Calcutta, and afforded 
him very valuable assistance in the prosecution of his 
researches. In January of last year he again paid a 
short visit to India, and travelled through some of the 
famine-stricken area, and in Parliament he paid his 
tribute of appreciation to the splendid services of the 
officials in the country, from the Viceroy downwards, 
in grappling with the terrible famine. He considered 
that in having taken the responsibility upon our 
shoulders of governing nearly 300,000,009 of people, 
we ought to realise that responsibility in every 
practical way, with the object of preventing an 
occurrence of great famines. Personally, he was 
strongly of opinion that the introduction of railways 
and the construction of irrigation works were the 
best means of grappling witk the famine in India. 
It was not possible for people, after several successive 
years of famine, to provide any storage of grain, and 
he did not approve of restricting export of grain, 
or of preventing the cultivator in India from growing 
upon his land any crop he might derive the greatest 
profit from. But he did say that England owed a 
great financial debt to India. This country had 
drawn from India, for generations past, payment 
largely in excess of what India ought to have been 
asked to pay, and he quoted figures in support of that 
statement. In his opinion, it was the duty of the 
Government of India, aided by the Imperial Govern- 
ment, to purchase grain from the cultivators in India, 
and store that grain in various districts, with the view 
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of providing for the possible occurrence of famine. 
Holding the view, as he did, that further extension of 
railways was urgently needed, he saw nothing in the 
financial position of India to hinder a more rapid 
development of the country by the laying down of 
further railways and the construction of more iriga- 
tion works. The total debt of India to-day was only 
£212,000,000 sterling, with assets in the shape of 
railways, irrigation works, and other property, 
immensely more than necessary to cover that 
£,212,000,000; indeed, a low estimate would give a 
surplus of about £50,000,000 sterling. In addition to 
that, if the land revenues of the country were 
capitalised at a low purchase, there would be a 
national asset of nearly £400,000,000 sterling. He 
believed there were in India huge areas which, by a 
proper system of irrigation, could be rendered fit for 
settlement, and as the whole of the irrigation works 
in India last year paid an average of 7 per cent., that, 
he thought, was a great encouragement to the further 
extension of such works, so that large tracts of 
country could be brought under cultivation for the 
purpose of the food supply of the country, and 
possibly for a surplus for export. There was, no 
doubt, a great deal of force in some of the contentions 
advanced by Mr. Bell, but, on the whole, it could not 
be denied that railways had brought great benefit to 
India, and that a further extension was desirable. 
To put it briefly, more irrigation works, further 
railways, and a realisation on the part of the Govern- 
ment of their duty with regard to the storing of grain, 
would save some of the appalling sacrifice of human 
life that had taken place in the devastating famines. 


Sir M. M. BHOWNAGGREE, K.C.I.E., M.P., wel- 
comed the paper because it allowed of some practical 
deliberation being given to the solution of the various 
problems relating to famines in what might be called 
compartments. The paper lacked nothing in the way 
of clear elucidation of the arguments put forward by 
Mr. Bell, who urged two propositions: (1) That rail- 
ways, although beneficial for carrying food, afforded no 
actual relief for famine, but on the contrary aggravated 
the distress by favouring easy export; and (2) that as 
a remedial measure, measures should be adopted for 
the prevention of export and the storage of grain. 
He himself did not believe that railways had any such 
tendency as Mr. Bell had made out in aggravating 
the effects of famine. No doubt they afforded an 
easy means of export in ordinary times, but they 
assisted in the promotion of commerce and trade, 
and in that respect railways were a great advantage 
to the country. In time of famine they afforded 
facility for carrying grain to famine-stricken quarters, 
and in that way were also an undoubted blessing. 
With regard to the preventitive measure of limiting 
the export in time of famine, he could not think Mr. 
Bell had made out his case. No doubt he had shown 
that while famine had been raging in the land, ex- 
portation of food had been going on on a large 
scale, but even granting that his reading of the sta- 
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tistics of the years referred to was correct, India had 
probably reaped a certain compensative advantage 
in the profit made out of that export. The storing of 
grain was a sort of patriarchal measure, an old-time 
remedy, and even if desirable would be difficult to 
carry out. Side by side with the famine was the plague 
and other epidemics, and if granaries and storehouses, 
Government or private, were established in given 
districts, when the plague or epidemics broke out, the 
stored grain would be probably rendered useless. 
Another point was, who was to store it ? Government 
could not undertake so gigantic a work, and if any 
proprietor did it, it would yet fail to relieve the land- 
less tiller of the soil, unless the proprietor of the 
land accepted it as an obligation that the man who 
tilled his soil in prosperous times had a right to feed 
on his bounty in times‘of famine. The whole 
question resolved itself into the buying power of the 
country, and he held very strongly that there were 
only two ways in which that power could be increased ; 
a judicious reduction in the public expenses of the 
country; and, in a larger degree, by teaching the 
people to exploit the industrial resources of the land. 
Mr. Bell had said that even in times of famine a large 
export of oil seeds had taken place. How did it 
happen that in times of famine, when manual labour 
would be a source of productive wealth to the 
country, raw seeds had been exported out of the 
country in order that oil might be pressed somewhere 
else ? Why should not India press its own oil? That. 
argument applied to many other articles of produce, 
and contained a practical solution of the question ; 
whereas the remedy suggested by Mr. Bell would 
go a very little way, if at all, towards remedying the 
evils deplored. The people had need of being 
educated to work upon the material produce whicb 
nature had so bountifully lavished upon their soil, 
and thus to add to the sources of national wealth. 


Colonel Sir WILLIAM BIssET, R.E., K.C.I.E., 
said it might almost be thought that Mr. Bell, after 
having passed many years of his life in advancing 
railway construction in India, was now repenting 
of having spent his life so badly. He (Sir William 
Bisset) had devoted a similar period to similar 
work in India, and was an unrepentant sinner. 
Having watched the operations of the railway in the 
famines in Bengal in 1873, in Madras in 1877, and 
elsewhere, he had no hesitation in saying that with- 
out the railways, not only would the intensity of the 
famine have been greater, but the actual mortality 
would have been immensely higher. The mortality 
now, although lamentable, was really insignificant 
compared with what it was in former times, even in 
1877. In Bangalore, he had seen train-loads of food 
coming in from the Punjab, although at that time 
communication was not so good as it was now, andi 
the cost of carriage was considerably greater. It 
was stated in the recent Famine Commissioners’ 
report that, by cheapened railway rates, grain 
which was bought in one part at 12 seers per rupee 
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could be carried a thousand miles, and sold for 10 seers 
per rupee, and this cheap distribution of the vast 
internal food supply of India was the simple raison 
d'étre of railways; and he thought it was a very valid 
and sufficient one. No one had ever considered that 
railways would prevent droughts, but by conveying food 
to the famine districts they served all the purposes 
which Sir Henry Cunningham meant to say they would 
serve when he wrote the passage quoted by Mr. Bell. 
The development of great irrigation tracts within 
India—in the Punjab and in Sind extensive additions 
had been made—had done more for protection against 
failure of the internal food supply of India than any 
but the most comprehensive scheme of storage. Even 
if such were found more practicable now than when 
formerly considered ; but, as Mr. Bell had said, there 
was little reliance to be placed upon importation from 
abroad, although in each of the famines since 1874 
Burma had been a reliable source of supply of rice. 
In Burma itself, where the rainfall was for the most 
part secure, irrigation tracts were being added to pro- 
tect what was known as the ‘dry zone,” and with 
fuller railway resources the future supply might 
be larger than in the past. The experience 
of the last famine, when America was good 
enough to send some cargoes of food across: to 
Calcutta, showed that although charity might supply 
a few ship-loads, it was not possible to rely upon that 
source for supplying India with food at India’s market 
prices. But, looking to all the circumstances of the 
case, he was of opinion that while failure of food 
supply might be a contingency of the future, it was 
not a present danger, or one to be dealt with by the 
remedies suggested. Speaking broadly, the old 
question of a food famine had been changed by rail- 
. Ways into the new question of a money famine, and 
the Government, which had supplied money freely in 
the past, must hope, by continuously improved relief 
organisation, to spend its money in future to more and 
more advantage. But while there was much reason 
to encourage local responsibility, and even the storage 
of village food supplies, he was of opinion that any 
taxation or prohibition of the export of grain would 
impose a grave check upon the increase of capital and 
savings, to which Sir M. Bhownaggree so properly 
attached importance, and would thus diminish, in- 
stead of increasing, the available resources of the 
people. The extension of irrigated areas, the im- 
proved facilities for transport by road and rail and 
water, and the greater perfecting of famine relief 
organisation, seemed to him more hopeful remedies 
than the adoption of any measure of prohibition or 
taxation of grain, a measure which might have such far- 
reaching consequences. In his opinion the gravest 
danger of the future lay in the rapidly-increasing 
readiness of the population to throw themselves upon 
outside help. The pauperisation of the people was a 
dangerous thing in any country, and he feared that 
the frequent recxrrence of famine in many parts of 
India was having a very serious influence upon the 
character and the independence of the people. 


Mr. L. R. W. FORREST protested strongly against 
the proposal to prohibit exports of edible grains. 
Burma had 2,000,000 tons of rice available for 
export. It was impossible to store rice for any long 
period. Ifthe cultivator of wheat found he could not 
sell his surplus wheat, would he not grow something 
else? Could it be supposed that Government would 
insist on his growing only wheat, and holding the 
surplus over on the chance of a famine in the future ? 
As regards the export of seeds, these crops were 
grown as rotation crops, and often in ground un- 
suitable for cereals. Could Government interfere 
and insist on the ryot abandoning these? The pro- 
posal put forward by Mr. Bell had often been sug- 
gested to the Government, and had always been 
rejected, and he believed would always be rejected. 
He had spoken strongly, because, as a merchant, he 
felt it right to protest against such a violation of what 
he considered true economical principles. 


Mr. RomgsH DUTT, C.I.E., thought the view that 
the assessment of the land tax had nothing to do 
with the impoverished condition of the people had not 
the support of eminent authorities. So far as his 
studies went, most of the eminent authorities in India 
within the last 40 years had put it on record that the 
condition of the peasantry in India was intimately 
connected with that assessment. After the famine 
of 1860, which was the first famine he remem- 
bered, a commission was appointed to inquire 
into the subject, and they came to the conclusion 
that in order to promote the prosperity of the people 
of India generally, to form a middle class in India, 
and to promote the accumulation of capital, it was 
necessary to extend the permanent settlement 
system all over the country. This was recom- 
mended both by Lord Canning and by Lord 
Lawrence, and later on, when the question 
came up for discussion with regard to the con- 
dition of the cultivators in the Deccan, one of 
the greatest authorities on Indian subjects, Sir 
William Hunter, from his place in the Viceroy’s 
Council, mentioned that the land tax in the Deccan 
was one of the causes of the impoverished condition 
of the peasants there. Later still, the Marquis of 
Ripon proposed to limit the enhancement of the 
land-tax to certain fixed grounds, but his proposal, 
like that of Lord Canning and Lord Lawrence, was 
rejected by the India Office. He mentioned these facts 
to show that Mr. Bell was not correct in holding the 
view he did. Coming now to the subject of the 
paper, it would be found on inquiry that there had 
never been any famine within the last 40 or 50 years, 
in which the total food supply of India and Burma 
was insufficient. Crops had failed in certain pro- 
vinces, but there had never been any time when 
the total food supply was insufficient to meet the 
requirements of the population. Therefore, he was 
unable to agree with Mr. Bell that it was neces- 
sary to impose certain restrictions on exportation, 


and in the present day it was impossible to think of 
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doing so. He had spent the 26 years of ‘his service 
mostly in Bengal villages, amongst the cultivators, 
and demurred to the charge of improvidence brought 
against Indian cultivators. They were poor and 
ignorant, but he did not think that there was any race 
of cultivators on the face of the earth who were so provi- 
dent, so content with little, and who tried to save as 
much as they could out of their little earnings. The 
Indian cultivator after a good season probably tried 
to get some fresh land to add to his area of cultiva- 
- tion, or perhaps bought silver ornaments for his wife 
or for the women of his family, which was a very 
good investment. He had known instances in which 
a famine had been averted by the cultivators taking 
the women’s ornaments, selling them, and buying 
„grain until the time of hardship was over. The real 
reason why they exported vast’ quantities of food 
was that they had to do it. The Government of 
India was a very expensive Government, and India 
had to maintain an army, which was largely used for 
Imperial purposes. The charges were, therefore, 
very heavy, including the money annually remitted 
to this country, and as the Indian industries 
had declined, and four-fifths of the population 
of India were directly or indirectly engaged in 
agriculture, the taxation of the country fell more 
or less on agriculture. The taxes had to be 
drawn largely from the proceeds of the soil, and the 
agriculturist had to export a large amount of the 
crops in order to meet their liabilities. The remedy 
was retrenchment of expenditure, and the cutting 
down of the’expenses of the Government, not any 
artificial restriction on exportation. 


In moving a vote of thanks to Mr. Bell, the 
CHAIRMAN remarked that he had been prepared to 
hear very great difference of opinion on the subject, 
but so.far as he could see everybody had more or less 
assailed the views put forward in the paper. 


Mr. Horace BELL, in reply, after acknowledging 
the vote of thanks, said he was hardly prepared for 
the trenchant attack made upon him by Sir William 
Bisset and Mr. Forrest. They seemed to think he 
expressed an objection to railway construction, but on 
the contrary he had said most clearly that no sane 
person, no one more particularly who had been a 
‘witness of its development, would contemplate for a 
moment any curtailment of efforts to extend railway 
communication in India. What he wished to point 
out was that however many railways were made, when 
famine was approaching the question of restricting 
exportation should then be considered, and that was 
‘the only way in which he would curtail the functions 
of railways. 


Mr. BELL writes in continuation of his reply— 

I gather from the remarks of the majority of the 
speakers that they hold that a scarcity of food during 
the recent famine was not so observable as the 
scarcity of money on the part of the people to pur- 


chase food with, and that this difficulty was, and 
obviously so, most apparent among the very large 
numbers of landless labourers. But this must always 
be the case, so long as the wage is a mere “ living ” 
one, leaving no margin for evil days; and it does not 
follow that a restriction on the export of food would 
intensify the money difficulty, if such restriction is 
made only at a time when severe scarcity is im- 
pending. Those who then had grain to sell 
would dispose of it at home, instead of sending it 
away for export. The introduction of the factor of 
money stress does not invalidate the plea of food 
scarcity. They may, and probably for many a year to 
come will, be coexistent. It has been said that a 
restriction of export would not result in restoring the 
local supplies which formerly existed before we had 
our railway system. I hold that it would necessarily 
have this result. Nothing has been said so far in the 
discussion towards impugning the validity of the 
facts and figures I have given from the reports of 
the Famine Commissions, and if I stand on 
these alone my position still seems to me to be 
unassailable, though I do not in the least under- 
estimate the manifold difficulties. I may say again, 
as I have stated most unmistakeably in my paper, 
that I have not had the least intention to urge any 
curtailment whatever of railway extension in India. 
What I want is to ascertain whether or not the action 
of our railways, in facilitating the export of food, 
requires some restriction in view of impending severe 
scarcity over a wide area. I hope that this point may 
be duly considered by the present Famine Commission 
and by the Government of India. 


Mr. J. A. BAINES, C.S.I., writes :— 

I can only offer negative criticism on Mr. Bell's 
paper. I gather his proposition amounts to this :— 
That the extension of railways has operated to 
the detriment of the food supply of India in two 
ways: first, by stimulating the export of food- 
stuffs, and, secondly, by stimulating the foreign de- 
mand for agricultural products not used for food, 
and thereby diverting land from food crops, the 
remedy he suggests being an export duty heavy 
enough to prevent the former, and to check, if not - 
prevent, the latter. I gather, too, that he does not 
consider it essential that the duty should be levied as 
a fixed impost, but should, in both cases, be im- 
posable in the event of threatened scarcity. I should 
be inclined to dispute most, if not all, of the premises 
on which he bases his theory. 

The calculations upon which the volume of food- 
supply are based have always seemed to me to be 
largely conjectural, and to leave out of account several 
most important factors, such as the large population 
that do not live entirely upon grain and pulse, and the 
extent to which other food-stuffs enter into the diet 
of even those who are mainly, no doubt, vegetarians. 
The quantitative figures so often used seem to me 
vague, insufficient, and often mischievous. 

Then, again, I question the fact of the drain of 
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food-stuffs to foreign countries. The largest export 
is that of rice, which is, in the first place, the staple 
food of only the population of tracts which are the 
least liable to famine, and support the most prolific 
population. Elsewhere it is the food of the upper 
classes only, and creeps downwards only as the 
standard of living rises. Moreover, the export has 
been for many years protected already by duty. Then 
comes wheat. This, again, is the staple food of but a 
few millions in the upper Jumna valley and a part of 
the Eastern Punjab. It is grown almost entirely for 
export. As to the millets which form the staple food 
of almost the whole of the tracts most liable to 
famine, there is scarcely any exportation, and the 
returns seem to indicate that such grains, including 
pulse, constitute little more than £800,000 out of a 
total of over £100,000,000 of exports. 

On the question of the curtailment of the area 
available for growing food-stuffs by the increasing 
growth of other products for export, I cannot accept 
the statement that the latter cover ground ‘ formerly ” 
devoted to the supply of the former. In the first 
place, the area itself has increased marvellously, and, 
as in the South-West Punjab, the commercial crop 
occupies entirely fresh tillage. Again, the non-food 
crops are largely alternations appertaining to the 
traditional rotation adopted in India by centuries of 
cultivators. So far from usurping the place of 
cereals, they are a necessary complement, and in 
many cases are not grown simultaneously with cereals, 
but succeed or precede them. The bye-products, 
again, of such crops as cotton and seeds are not lost 
to India, but furnish valuable food for milch cattle. 
But admitting, for the sake of argument only, the 
drain of food out of India, I very much question 
whether the remedy proposed would not do more 
harm than good. There is no analogy between the 
action proposed and that taken in the case of the 
Punjab tenants cited in support. The latter was an 
attempt to mitigate by legislation an evil which was 
itself the creature of our own legislation. The law 
gave, and it was for the law to stop the abuse of its 
gift. But in the case of commercial tendencies, there 
is no definite point of attack, and, as in the case of 
some of the Jumna canals, the line of natural drainage 
may be interrupted, with the result that the whole of 
the surrounding country is waterlogged. For in- 
stance, we have no guarantee that the first result of 
cheaper food would not be an equivalent increase in 
the population, instead of thrift. If the grain-dealers 
took the matter in hand, the middleman would, of 
course, buy cheap in times of plenty, to sell at famine 
rates when dearth prevailed. Even assuming that 
the ryot saved, the stoppage of exports would react, 
of course, upon the imports, which have been of late 
increasing in a higher ratio than exports, and the in- 
creased purchasing power denoted by this change 
would be stopped, and the general rise in standard 
diverted into a stationary ‘‘ beaverism,” putting an 
end to all prospect of other than a hand-to-mouth 
existence for the masses, 


The paper seems to assume that the profit of pro- 
duce grown for export to the cultivator is small. I 
doubt this, but even if it were, so long as the state 
of the market for which the exported produce is 
destined yields any profit at all, the effects of an 
export duty will be felt in that market. not by the 
producer. It will be long, therefore, before the 
middleman ceases to buy at some profit to the pro- 
ducer, so that if, as suggested, the embargo or 
prohibitive duty be only imposed at the beginning of 
what appears likely to turn out a season of scarcity, 
the rate of impost must first be settled with reference 
to the foreign market; next, in reference to the cost 
of production; and next, so long beforehand as 
would allow of the transfer of the land from export- 
able to food products in time to be available for the 
time of stress, which is, ex Aypothesi, imminent. 
I have no doubt that Mr. Bell has considered some 
or all of these objections, and has some answer to 
them, though I am not able to glean it from the text 
of his paper. 


Sir CHARLES JAMES LYALL, K.C.S.I., writes :— 


Mr. Bell’s proposal, as stated at the end of his paper, 
is as follows :—‘‘ That we can no longer permit the 
export of food [from India], and perhaps of other 
articles of produce; or, to put it in plain English, 
that we must place an export duty on such produce, 
either permanently, or at least when scarcity ` 
threatens.”’ 

Sir Steuart Bayley’s criticism of the course of the 
argument, with which I entirely agreed, seemed to 
me conclusive against this proposal; and I should 
have had little to say except to repeat what he had ` 
already put so clearly and effectively. But I thought 
it might be useful to quote what had been said before 
by high authorities on the subject. Mr. Bell quoted 
the late Sir George Campbell as an administrator of - 
wide knowledge of famine questions, who—though he 
did not contemplate the restriction of exports of food 
—was in general sympathy with his ideas. Sir 
George Campbell was Lieutenant - Governor of 
Bengal at the commencement of the Behar famine of 
1874, and cn that occasion asked the Government of 
India to order the prohibition of the export, first of 
rice, and afterwards of food-grains generally, from 
India in order to provide for the wants of the famine- 
stricken. Lord Northbrook, the then Viceroy, re- 
fused to sanction the measure, and explained his 
reasons in a Minute, which was published in: “The 
Gazette of India ” in January, 1874. In this he said: 
—“‘ It seems to me that an export trade in food-grains. 
is a great advantage to a country in the condition of 
Bengal, raising its own food supplies, having no 
importation of food, and whose population is poor. 
The existence of such an export ensures the produc- 
tion, in ordinary years, of more food than is required 
to meet the demands of the people. The natural rise 
of prices in times of scarcity must divert a portion of 
the ordinary export to home consumption, and thus. 
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a reserve easily and readily available is habitually 
maintained.” 

The Indian Famine Commission of 1880, referring 
to this passage, said (paragraph 151 of their report) :— 
« The prohibition of exportation was, in the beginning 
of the century, looked upon as the first weapon in 
the Government armoury, and it was suggested in 
1867 in the Orissa famine, and again in 1873, in the 
case of Bengal; but the arguments brought against it 
by Lord Northbrook on the last occasion are, we 
think, unanswerable, and such suggestions will, it 
may be hoped, never be repeated, or, if repeated, 
never entertained.” 

I may observe that, so far from being a novel 
suggestion, it is the first which occurs to every Indian 
on the occurrence of scarcity. The vernacular papers 
put it forward with constant iteration during the 
famines of 1897 and 1900, and the prohibition was, 
in the first of these years, actually carried out by 
several of the Native States (in 1900 most of these 
States were severely famine-stricken, and, taught by 
experience, wisely refrained from forbidding export). 

The Indian Famine Commission of 1898 also dealt 
with the subject. Mr. Bell has quoted several 
extracts from their Report, but he has not quoted the 
following (paragraph 590) :—‘* Among certain classes 
in India whe do not directly profit by it there, no 
doubt, exists a certain feeling of bitterness against 
the export trade. It, no doubt, tends to prevent 
prices ever falling very low, but, on the whole, we 
have no reason to believe that the trade is otherwise 
than beneficial to the country. Higher and steadier 
prices must be good for the landholders and tenants, 
and ought not to be otherwise than good for 
the labourers, if their wages rise proportionally, 
which is to be hoped they must generally do 
eventually. 

‘‘ The export is so insignificant compared with the 
production as not to constitute an appreciable drain 
on the country, and by the stimulus it affords to 
increasing the area and intensity of cultivation it 
myst, we think, operate to increase the reserve of 
food in times of scarcity.” 

Sir Steuart Bayley pointed out that an export 
duty on food-grains, in order to act—if it could be 
expected to act—as a stimulus to storage, must be 
applied in times of plenty, when there was a surplus 
to store, and could not be restricted to times ‘“‘ when 
scarcity is in view.” He also showed that such a 
duty could not be confined to food-grains, but must 
be extended to those other agricultural staples— 
cotton, jute, oil-seeds—which, if the restriction of 
export rendered the growing of food grains unprofit- 
able, the agriculturist would substitute for them. He 
might have further developed the argument so as to 
require an export duty on manufactured cotton- 
twist and yarn, piece-goods, gunnies, and oils. 
In fact, since land which can grow grain can 
also grow all other valuable crops, and would be 
used for these if it were attempted to check the 
growth of grain for export, the legitimate consequence 
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of Mr. Bell’s argument is (as he seems to perceive 
when he speaks of restricting the export of “ other 
produce”) to require that the whole export trade in 
agricultural products, and the manufactures pro- 
duced locally from those products, would have to be 
taxed in order to secure the end desired. It need 
hardly be said that no Indian financier is likely ever 
to adopt such a proposal, or would be listened to for 
a moment if he did. 

I do not think any one mentioned in the debate 
that the food-grain most largely exported from 
India—rice—is already charged with an export duty. 
Three annas a maund, or about 7s. a ton, is the 
duty on this article, which falls at the rate of between 
6 and 7 per cent. on the value at the port of 
embarkation. This duty has often been denounced in 
budget debates as unsound, and relief from it asked 
for. The only justification of it which I can remember 
to have been pleaded is that India and Burma 
practically command the rice trade of the world, and . 
that they are thus in a position to cast the duty on 
the consumer. 


Sir CHARLES CECIL STEVENS, K.C.S.I., writes :— 

I had intended to offer a few remarks on Mr. Bell’s 
paper, but the discussion was prolonged, and I felt 
that I could not trespass on the patience of the meet- 
ing. The subject is, however, one of great personal 
interest to me, since I was responsible for the famine 
work of the latter half of the year 1897, in Bengal, 
though the initiation of the highly-successful remedial 
measures was due to Sir Alexander Mackenzie and to 
his, and my, very able secretary, Mr. Finucane, C.S.I. 
I had also personal experience of the famines of 
1865-66 and 1873-74. 

In 1873-74, as in 1897, the weight of the calamity 
fell especially on North Behar, a tract comprising 
some 12,500 square miles, and containing nearly 
10,000,000 of inhabitants. The failure of crops was 
not less in 1897, and the prices of food-grains were 
higher than in 1874. The conditions had, in more 
than one respect, improved in the interval between 
these unfortunate seasons. The great difference was 
the improvement in the communications. Roads had 
been made, and extended and bridged; especially 
railways had been constructed right through the most 
affected districts, and (except in the North of the 
Champáran District) there was no extensive area 
unserved. 

In 1873-74 it was realised, at a very early stage, 
that in the conditions then subsisting, private trade 
was quite unable to supply the deficiencies of food, 
and the Government was obliged to undertake the 
task of importing and distributing rice. I quote the 
following figures from a resolution of the Government 
of Bengal :—“ At the height of operations 88 military 
officers, and 2,116 native officers and soldiers were 
engaged in supervising the transport, with a train of 
over 100,000 carts, some 14,000 pack animals, 2,300 
country boats, and 23 steamers. The Government 
importations (inclusive of the reserve in Calcutta) 
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amounted to 480,000 tons, of which, roughly, 345,500 
tons were eventually distributed. Out of a total 
gross expenditure of Rs. 9,94,00,000 incurred in the 
famine, no less than Rs. 7,00,40,000 was incurred in 
the promotion of the private grain trade, the purchase 
of Government grain, and the maintenance of the 
transport train.’’ After deducting the price paid for 
grain sold or advanced on loan, the net cost of this 
branch of administration was no less than 
Rs. 3,75,00,000. 

In 1896-97, all possible inquiries as to stocks were 
made, and the results made public, so as to assist 
private trade; but it was at once given out that the 
Government would leave the mercantile community 
to provide what might be requisite. This resolution 
was adhered to with trifling exceptions required 
by local conditions. The result was, that Govern- 
ment was relieved of the strain and complications 
involved in the extensive operations of purchase 
and distribution, and the whole cost of the famine 
of 1897 was less than one-third of the loss from grain 
transactions alone in 1874. Officers were as able, 
laborious and self-sacrificing in 1874 as in 1897; and 
this enormous economy was attained, mainly, if not 
entirely, through the construction of the railways. 
I have given these facts, because one learns more 


from details, however partial and scanty, than from 


generalities. The impression made on my own mind 
was such, that in the Viceroy’s Council, while in the 


discussion Budget of 1897, I had been somewhat 


doubtful whether too large a provision had not been 
made for railway extension, in the discussion in 1898, 
after this experience of the famine work, I had no 
hesitation in expressing a strong and complete 
approval of the policy of the Government. 

It would be interesting, and not, I think, irrelevant 
to this present far-reaching subject, to study and 
discuss the functions of the railways in inter-district 
trade in food in ordinary years; but I have not the 
materials or the time for so extensive an investigation. 

I do not understand Mr. Bell to argue against the 
maintenance of railways, or even their extension. 
But be complains that they make it easy to convey 
food-grains to the sea-ports for export in times of 
plenty, the result being that the surplus which would 
accumulate in such times is sent away, and is not 
available as a provision against scarcity. So far as 
this is a disadvantage, it must not be charged against 
railways alone, but against all improved means of 
communication. The great rice-exporting parts of 
Bengal are the eastern districts and the Sunderbunds, 
and are only to a small extent affected by railways. 
The Orissa exportations, noticed by Sir George 
Campbell in the passage extracted by Mr. Bell, were 
not carried out by rail, but by water. 

It is clear, therefore, that no action affecting rail- 
ways alone. could prevent the drain. If exports of 
food-grains are to be checked, this must be done by 
general measures at the ports. How is it to be done? 
On this point Mr. Bell really gives us no help 
whatever; and yet, as the object of the paper is to 


point to a practical difficulty, we might perhaps have. 
expected that a method of overcoming this difficulty 
would have been sketched for consideration and 
criticism. This expectation would have been the 
more reasonable, since the expedient which has been 
vaguely indicated is opposed to the hitherto accepted 
theory and practice. In the absence of a detailed 
scheme I confess that I am altogether unconvinced ;. 
I am affected by the same doubts which Sir Steuart 
Bayley so ably expressed at the meeting. Is the 
export duty on rice to be heavily increased ? 
Are heavy export duties to be imposed on other 
food-grains? Or are these exports to be pro- 
hibited? Are they to be prohibited or particularly. 
discouraged? Altogether or at special times? 
Generally or in particular localities? What authority 
is to fix the times and localities? Is notice to 
be given to agriculturists or traders? What 
of the internal trade in food-grains in India—for in- 


stance, that between Burma and Bengal? Is this to 


be regulated ? If so, how and when ? And what of 
the other crops, the profits on which are said to be 
tempting cultivators to grow them instead of food ? 
Is this cultivation to be prohibited or restrained? If 
so, how, and to what extent? For example, are the 
cultivation and export of jute and indigo to be 
interfered with ? 

The practical difficulties are so numerous and far- 
reaching that only the most urgent necessity could 
justify a policy which would certainly involve serious 
evils. Is there such necessity? In neither 1873-74 
nor 1896-97 did it exist, nor has any information 
reached me that it has been felt, even in the extensive 
and severe famine of the past season. The statistics 
of the net trade of Bengal with exterior countries and 
provinces, during the last famine in that province, 
that is from November 1896 to October 1897, show 
that the exports and imports of food-grains very 
nearly balanced each other, being 664,000. tons 
against 694,000 tons. The inference in this case is 
clear that there was no occasion for such interference 
as Mr. Bell suggests. 

One speaker in the discussion advised that Gen: 
ment should, in years of plenty, buy up the surplus 
grain and store it against famine. This proposition 
is one which, as it seems to me, had better have been . 
fully considered and laid before us in detail if at all. 
What would the author of it say if it were proposed 
that in the British Islands, as a precaution against a 
naval war, the Government should buy and hoard up a 
perpetual provision of, say six months food for the 
people? I think he would tell us that such a measure 
should not be recommended without very serious and 
careful consideration. It seems to me that the task 
which he would impose on the Indian Administration 
would be far more serious. 

To return to the paper itself—I have given what I 
venture to regard as a most striking illustration, 
drawn from actual experience, of the advantage gained 
by assisting, and not interfering with, trade. It is 
not inconceivable that changed circumstances might 
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call for a different policy; but, of this no signs are yet 
apparent. Until they are, I can only hope that the 
extension of railways, and the improvement of all 
kinds of communications, will continue to engage the 
attention of the Government of India. So long as 
the famines are money famines, rather than food 
famines, the simplest, most effective, and most 
economical method of dealing with them is to make 
the transport of food easy and inexpensive. 


Sir CHARLES ELLIOTT, K.C.S.I., writes :— 

The principal defect in Mr. Bell’s paper seems to me 
to be that he had not made up his mind which of two 
horses he intended to ride. He began by quoting 
Sir Henry Cunningham about the two kinds of famine, 
one in which “ food is not obtainable at any price,” 
the other when ‘‘ the price is practically prohibitory to 
all but the wealthy ; ” but he could not decide which 
of these two causes of famine he was dealing with, 
and he did. not see that he was proposing a remedy 
which, if applicable to one case, would hardly be 
applicable to the other. 

If a famine is caused by there not being enough 
food in the country to support the people, the first 
suggestion that occurs to the natural man is to stop 
the export of food. In the famines of 1861 and 1868, 
I can remember that this was the panacea universally 
called for by the leaders of the people, and often by 
the English officials. District officers forbad export 
from their districts, and mobs enforced these orders 
by attacking the traders who transgressed them; 
demands were made on the Government to prohibit 
export from the province, or from the country. By 
degrees, however, the principle became established 
that the gradual tightening of prices, caused by export 
when a scarcity is threatened, acts as a beneficial 
warning by decreasing consumption, preventing waste, 
and preparing the people for the privations which are 
before them. It was realised that, without an export 
trade, there can be no permanent surplus, only a 
temporary accumulation of stocks after an abundant 
harvest ; but if trade stimulates the agriculturists to 
produce annually some millions of tons over and 
above the needs of consumption, that is a margin to 
fall back upon when a harvest is greatly deficient. 
These views were so clearly put forward by Lord 
Northbrook’s Government in 1874, when there was a 
cry to prohibit the export of rice from Bengal, that I 


hardly expected to see the old fallacy rear its head } 
noted that by far the bulk of those totals comprise 


again. 

But the chief argument against Mr. Bell’s proposed 
remedy is that the case which he aims at meeting 
does not occur. There never has been a time when the 
country did not produce enough food to support the 
population; to support it, or part of it, on half 
rations, perhaps, but still to keep it alive. In old 
times, this did often occur locally—but now that the 
railway system is so far developed that the surplus 
of one part of the country can be brought to fill up 
the deficit of another, a famine due to “food not 
being obtainable at any price,” is impossible—or 


nearly so. Even if it were possible, the same railways . 
and ships which carry food out of the country could . 
bring it back again. Mr. Bell asserts that Burma is 
the only country from which food can be imported 
into India, but he does not explain this dictum, which 
seems to me untenable. If wheat can be exported 
from India to England and sold at a rate which covers 


' original price, plus freight, it requires no very large 


enhancement of price in India to make it remunerative 
to bring that wheat back again. But the fact is, that 
even in famine times the price of food in India is 
seldom higher than it was in London two years ago, 
when the quartern loaf went up to sixpence. Given 
a sufficient price in India, food could be imported 
there as abundantly as it is to England. 

If, then, an Indian famine is not caused by the 
absence of food enough to support life, it is caused by 
the want of money to buy it—and what is the best 
remedy for such a state of things? Not, surely, to 
forbid or embarrass trade, but to encourage it; to. 
export, year by year, the surplus produce of the 
country; to stimulate the growth of such surplus 
produce ; to facilitate its transport to its market ; and, 
in return, to distribute over the country the fertilising 
flow of money, which will raise the level of poverty, 
and provide the people with funds to purchase food 
when it is dear. In order to fight a famine of food, 
you must increase the supply of food, and that 
is best done by causing a surplus amount of 
food to be produced, which is exported in 


_ ordinary years, and is kept at home by self-acting 


causes when prices rise. In order to fight a famine of 
money you must increase the supply of money, and 
that is best done by encouraging ‘‘ diversity of occupa- 
tions ; ” by developing the resources of the country ; 
and by stimulating trade. In both cases Mr. Bell’s 
proposed remedy would increase the calamity he 
desires to relieve. 


Mr. W. MARTIN Woop writes:—Mr. Bell is. 
under some misapprebension as to any actual need 
for artificial restriction. The rise of prices of food-- 
grain, in the interim, of itself checks exportation. 
If we turn to recent trade returns, we find that 
during the famine period of last year, the values on 
the “ grand total of grain and pulse” exportations, 
for the eight months ending with November last, 
declined to 8} crores from nearly 19 crores in 1898, 
and 12} in 1899 respectively. Then it must be 


rice and wheat, which form only a small proportion 


' of the food of the Indian peasantry. And in those 


famine months of last year, the export of wheat 
almost ceased out of the returns. Wider issues 
are raised by Mr. Bell, when he expresses himself in 
the form of a general opinion, thus:—‘ India is 
unable to stand the drain of its present export 
trade;’’ and in the remark—‘*the immense area 


_under cultivation for seeds [and other non-edible 


products] for export, should really be growing 
food ’’—and so on. Why is this? It is because 
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the Indian cultivator cannot afford to grow surplus 
food crops, or store grain for himself in prolific 
seasons ; he must grow non-edible export products to 


get such cash as he can to pay his land revenue, 


assessments in money, at the fixed periods when it is 
collected under rigid regulations as to date and 
amounts. These money payments are inexorably 
required under the present political financial con- 
ditions. It is these that compel what Mr. Bell 
describes as ‘‘the drain of India’s present export 
trade; ” that is, nearly one-half of its net revenue is 
drawn out of the country and disbursed on this side 
of the globe, whence the bulk of it never returns into 
‘the channels of India’s trade and monetary system. 
As things are, there is no evading this all pervading 
pressure (as of ‘“‘ two atmospheres ”) which precludes 
all possibility of margin or saving throughout the far 
greater part of rural India. Mr. Bell very properly 
remarks: ‘‘ Shall we not rather devote ourselves at 
once to seek the radical causes of scarcity (é.¢., utter 
impecuniosity), and endeavour to prevent the trouble, 
instead of merely trying to alleviate it when it 
comes.” Certainly : and the only thorough prevention 
is in the direction just indicated. 


TWELFTH ORDINARY MEETING. 


Wednesday, March 13th, 1901; SIR WILLIAM 
H. PREECE, K.C.B., F.R.S., Member of the 
Council of the Society, in the chair. 


The following candidates were proposed for 
election as members of the Society :— 


Cox, Colonel Henry William Holmes, I.S.C., 36, 
Eaton-rise, Ealing, W 

Davison, William Henry, M.A., 37, Kensington- 
park-gardens, W. 

Finlay, Dr. Charles J., 160, Campanario-street, 
Havana, West Indies. 

Johnson, John Henry, 15, Farmdale-road, West- 
combe-park, S E. 

Leiter, Joseph, 81, 
U.S.A. 

Mukerji, Rai Sahib Kali Krishna, B.A., Umballa, 
Punjab, India. 


South Clark-street, Chicago, 


The following candidates were balloted for 
and duly elected members of the Society :— 
Cobb, Henry Venn, LL.B., I.C.S., The Residency, 

Jeypore, Rajputana, India. 

Davenport, F. R., The Albany, Vigo-street, W. 


Davidson, L., The Kanan Devan Hills Produce 


Company, Munaar P.O., Devikulam, S. India. 
Lal, Sundar, Allahabad, N.W.P., India. 
Lodge, Dr. Percy George, Lee-house, Bradford. 
Sharpe, Francis J., Reform Club, S.W. 
Shepherd, Bruce, J.P., Victoria, Hong Kong, China. 
: Symons, Joseph Edmund, P.O. Box 1054, Johannes- 
burg, Transvaal, South Africa. 


The paper read was— 


THE PROPOSED HIGH-SPEED ELEC- 
TRICAL ‘“ MONORAIL” BETWEEN 
LIVERPOOL AND MANCHESTER. 


By F. B. BEHR. 


Whilst anxious to give you some new and 
interesting details on the Manchester and 
Liverpool Electric Express Railway, I approach 
the subject with great diffidence. There has 
been so much written and said in connection 
with this project, that I am afraid you are all 
familiar with its principal features. 

The principle of the monorail, which it 
is proposed to use in the construction of this 
railway, is not a new one. On the contrary, 
many engineers during the last 7o years, 
beginning with the great Telford himself, have 
propounded and patented different forms of 
monorails, and I believe as far back as the 
year 1877 a paper was read hefore this Saciety 
on ‘‘ The Monorail as a Pioneer Railway for 
Undeveloped and Difficult Countries ’’ by Mr. 
F. I. Rowan. But this very fact shows that 
from a mere idea on paper considerable pro- 
gress has been made in the development of this 
principle, as we now propose to build a big 
main line between two great English cities, to 
be worked by electricity at an average speed of 
over 100 miles an hour. 

I myself lay no claim to the propounding of 
the original idea. All I claim is to have 
developed the general ideas and principles of 
others in designing the practical details, and 
to have constructed for the first time monorails 
which have been worked successfully for the 
carrying of passengers and goods on a com- 
mercial scale during a number of years. 

The special form of the monorail I have 
adopted was originally thought of by Mr. 
Charles Lartigue, a French engineer, who so 
far applied the idea practically as to construct 
some primitive and simple lines in Algeria and 
Tunis in 1883 and 1884 for carrying esparto 
grass and similar produce, the tractive power 
being animal in all cases. 

The pictures on the screen show the line 
built in Algeria and Tunis as well as a small 
line used for collecting tea leaves in tea 
gardens and worked by hand. This little line, 
especially useful, was designed by myself, and 
can be placed over the tea plants and moved 
right across the whole tea gardens, the little 
baskets being pulled out by hand pulleys. 

I will now show you a few lantern slides 
giving a general idea of the further develop- 
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ments of this system of monorail lines. The first 
picture I now show you represents a plan and 
section of the first trial line built by myself, 
behind Victoria-street, Westminster, in the 
year 1886, where for the first time locomotives 
and carriages were run on a monorail. 

You will observe on the section a gradient 
of 1 in 10, and for about a year the engine 
took up this incline, without a rack, one light 
carriage besides its own weight, which proved 
conclusively that the adhesion on this kind of 
railway is considerably greater than on an 
ordinary two-rail railway on which on such an 
incline an engine is hardly able to pull up its 
own weight. 

This slide shows the engine of this little line, 
the boilers being vertical on acceunt of this 
. very steep incline of 1 in 10. 

The next shows the same line with the 
engine and carriage standing on the top of the 
viaduct. 

We now have a larger view of the train with 
two carriages. 

I will show you a few pictures of the 
next line I built. This is the railway from 
Listowel to Ballybunion, in Ireland, for regular 
passenger and goods traffic. The Act of 
Parliament for this line was obtained in July, 
1887, and the line was opened on the rst of 
March, 1888, and has been working ever since 
without any difficulty or accidents. The pic- 
ture on the screen represents the station at 
Ballybunion. The engine has just been de- 
tached from the train and is going to cross 
over the switch. 

This slide shows another view of the same 
station. 

The next shows a full train on the line, 
and this shows another station on the line, 
specially remarkable for its very sharp curves, 
the smallest having a radius of 54 feet. 

Here we see Listowel Station with a great 
variety of rolling stock, and we now see the 
engine. 

I will show you what we call a level cross- 
ing. It does not look very much like one, 
but rather like a draw-bridge. The same 
applies to the next picture, which is another 
view of the level crossing, and the following 
picture is a different form of level crossing. 

I am now going to show you a few pictures 
representing a line built in France in 1893, 
being a branch line of the Paris, Lyons, and 
Mediterranean Railway. (Here follow several 
slides of the same line with explanations). 

Originally, 1 was impressed only with the 
advantages to be derived from applying the 


principle of the monorail to light railways in 
difficult countries with a small population to 
act as feeders to the main lines, wherever it 
was too expensive to build an ordinary 
two-rail railway, as economy can be ob- 
tained in direct proportion to the difficulties 
of the country, for many reasons, the two 
principal reasons being that a great deal 
of earthworks can be saved by using sharp 
curves and by the economy in the bridging 
of rivers and valleys, which on this principle 
can be carried out at about a third of the 


_cost im comparison with an ordinary two-rail 


railway. 

But as electric traction became more per- 
fected from year to year, I was impressed— 
about the end of 1892—with the fact that an 
even more important application of this prin- 
ciple was to be found in the construction of 
high speed railways, to overcome the great 
and increasing difficulties of managing the 
various kinds of traffic on the existing railways 
by removing the express passenger traffic on 
to new rails. 

The absolute impossibility of derailment 
on this system, if properly designed, when 
going at very high speeds through com- 
paratively sharp curves, are the principal 
recommendations for high speed, as it 
results in absolute safety and economy 
in construction. The cost of the monorail 
for average speeds of at least 100 miles 
an hour would be about the same, or 
slightly less than the cost of an ordinary two- 
rail railway constructed for maximum average 
speeds of 60 miles an hour. There is no doubt 
that ordinary railways could be constructed to 
work at speeds of 100 miles an hour—if worked 
electrically, but the additional expense beyond 
that which is at present necessary would be 
very great indeed for many reasons, of which 
the two principal are: the necessity of con- 
solidating the relative position of the two 
rails in such a way that they would practically 
form only one, and the impossibility of using 
curves of a smaller radius than about 3,000 
yards, which practically amounts to a straight 
line, and even with all these precautions the 
safety obtained could never become so 
absolute on such lines as it would be on the 
monorail. For instance, one of the principal 
causes of derailment on an ordinary railway 
is bad ballasting or packing of sleepers, which 
results often from heavy rain, floods, or even 
neglect. The shifting of two consecutive 
sleepers ever so little in opposite directions, 
must derail the engine on an ordinary line. On 


Afarck 15, 1901.] 


the monorail such an accident would produce 
no appreciable effect on the position of the 
driving wheels and of the carriage, as the sur- 
face of the top rail affected thereby is only two 
inches wide, and would therefore produce such 
a small twist that it would practically not be 
observable. 

There are many causes which contribute 
to this absolute safety which can only be 
understood by carefully examining the de- 
tailed construction of the carriage as it fits 
' to the permanent way, when it will be ob- 
served amongst other reasons that whereas 
an ordinary railway carriage is held on the 
rails by a flange of about żth of an inch in 
depth, the arrangement of this carriage really 
is equivalent to a continuous flange of over 
3 feet in depth, and a feature of great im- 
portance to the passenger is that it is not 
only a very safe way of travelling, but it 
looks also very safe and produces on the 
mind of the traveller a feeling of absolute 
security. 

Now in the same way as I was obliged to 
‘build a trial line in Westminster before I 
could succeed in building a railway for 
regular passenger and goods traffic, [ felt 
it absolutely necessary to build an experi- 
mental line for high speed and electrical 
traction. But this presented great difficulties, 
as it necessitated the building of a full-sized 
railway of sufficient proportions to enable such 
speeds to be attained. The principal difficulty 
is always the question of finance, aud the 
expense of constructing such a line simply for 
experimental purposes was very large. But 
there were many other difficulties, such as 
finding a large area of land suitable for the 
erection of such an experimental line—in the 
neighbourhood of London, Paris, or Brussels 
—without an Act of Parliament, which could 
not be obtained for a temporary and experi- 
mental line. 

I finally decided to build the experimental 
line in the neighbourhood of Brussels as an 
annexe to the Exhibition of 1897, principally 
for two reasons :— (1) Because the Belgian 
Government held out great inducements of 
large financial help. (2) Because I thought 
that the Exhibition would enable a large 
number of people to visit the line. The chief 
inducement held out by the Government was 
the promise of finding the necessary motive 
power to any extent I might require. I asked for 
2,000 horse-power, which I considered would 
be amply sufficient. Though the Government 


agreed to this, the difficulty’ of finding such 
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power at the Exhibition made them finally cut 
it down to 1,000 horse-power, and I thought I 
had better accept this than give up the experi- 
ment altogether. The finding of the ground 
adapted for my purpose was a thing of the 
very greatest difficulty. I laid out dozens of 
lines to all of which the Government objected, 
especially the one which I preferred in the Park 
of Tervueren, as it necessitated the cutting 
down of some valuable trees. Finally, I 
selected a large tract of land adjoining the 
Park of Tervueren, which, though not very well 
suited, at least rendered the experiments 
possible. But the difficulties which met me at 
every step in trying to secure this land, would 
sound like a romance if one could really follow 
them through all the mazes of the negotiations. 
No doubt you will be able to imagine some of 
the difficulties when I tell you that I had with- 
out any compulsory powers, to settle leases for 
the land with something like 200 owners and 
occupiers all bent upon getting the greatest 
possible advantage out of the occasion, know- 
ing I was more or less in their hands. Of 
course this would have been avoided if the line 
had been built on the Crown lands and in the 
Park of Tervueren which. originally the Govern- 
ment had promised to allow meto do. I had 
to cross ten public roads without an Act of 
Parliament, and, after all, when everything was 
done, the best section I could possibly obtain 
on this land, in constructing the line of an 
elliptical shape, or rather, in two straight 
lines connected by a curve at each end, was 
a line consisting of nothing but steep up and 
down gradients 3 miles long with something 
like over 75 per cent. of curves of 540 
yards radius to less than 25 per cent. of 
straight line. Though the soil was very bad, I 
had to make big embankments and cuttings, 
one embankment being 18 feet high and over 
three-quarters of a mile long, which of course 
rendered the experiment most unfavourable 
from every point of view, as arun over barely 
completed embankments of that height of very 
bad soil (especially in the very wet summer 
which we had in 1897) would have been practi- 
cally impossible had it not been for the peculiar 
character of my line and its extraordinary 
safety. This was so thoroughly demonstrated 
that it will never have to be proved on any 
similar railway which I may have to build 
hereafter. The station itself was on the 
curve, the difference of level between it 
and the farthest point was nearly 100 feet, 
the development to obtain the velocity was 
barely one mile and a quarter when a con- 
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tinuous up-grade of 1 in go was met for the. 


remainder of the circuit, and this mile and a 
quarter was more than half on the curve and 
only about 600 yards on the straight. This 
line had to be built in the greatest hurry, as 
everything had to be finished in time for the 
Exhibition, the Government having promised 
to furnish the current on the 15th April, a few 
days before the opening of the Exhibition. 
The earthworks were only begun in December, 
1896. Everything, however, was in readiness 
with the exception of the electrical station, and 
by the continuous delays which occur when a 
great deal of red tape has to be overcome (as 
is the case with most Governments, especially 
on the Continent) no current was furnished to 
me until the middle of June, 1897, when I got 
a very small portion of the current promised. 
The electrical station itself was only completed, 
as far as it ever was, by the middle of July. 
: Practically, therefore, during the Exhibition I 
.was deprived of all the advantages which were 
promised to me. When the current was finally 
furnished, some weeks’ running was necessary 
before a high speed could be attained. The 
electrical station was so badly arranged, the 
machines being all of different types, that 
instead of having regularly available 1,000 
horse-power I could never rely upon getting 
-more than about 500 horse-power. Notwith- 
standing all these drawbacks the experiments 
. were conclusive in establishing the possibility 
of constructing at a moderate cost lines on the 
monorail principle to be worked at a speed of 
double that of existing passenger express trains 
with absolute safety. The carriage, which also 
had been very hurriedly constructed, was a 
great deal heavier than I had calculated, its 
weight amounting to about 70 tons. The pic- 
„tures on the screen represent the line of the 
Lightning Express as built at Tervueren, the 
general view of the auto-motor carriage ac- 
commodating 100 passengers, the interior 
saloons of the carriage, the lower bogies 
-shewing the machinery exposed, the top of 
the carriage being removed. A longitudinal 
section and plan of the carriage, also cross 
- sections, details of electrical motors and switch- 
boards, the Lightning Express travelling 
through the curves, the big embankment, the 


Royal Commission taking measurements, &c. . 


The structure itself consisted of a single rail 
‘elevated about 4 feet from the ground, and 


supported on A shaped steel trestles. The: 
legs of these trestles were rivetted to steel 
sleepers resting simply on the ballast. These: 


triangular supports were placed about 3 feet 
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3 inches apart, and at each side were fixed 
laterally two rails, one about 18 inches above 
the other. These are the so-called guide rails, 
their object being— 

(1) To brace the whole system together and 
increase its stability. 

(2) To engage the horizontal guide wheels 
of the car and prevent oscillation. 

(3) To counteract the effect of centrifugal — 
force when rounding the curves. 

The electrical conductor was a steel rail 
fixed on porcelain insulators attached to the 
sleepers. These rails were joined together by 
copper strips to preserve the electrical: cone 
tinuity. The return circuit for the electrical 
current was made through the line itself. 

The car was 60 feet long and 10 feet 
Io inches wide. , 

It consisted of two bogies flexibly coupled 
together by a specially designed joint. ` 

The part of the carriage below the main rail 
contained the whole of the mechanism—viz., 
four electrical motors of about 200 horse-power 
each suspended from the girders and con- 
nected to the axles of the driving wheels by 
specially designed chains. 

A rigid iron arm was fixed between the body 
of the motors and the axles to which they were 
coupled. This arrangement made the pro- 
pelling force absolutely self-contained so that 
it could not be affected by any shocks or 
oscillation that the car might receive. 

There were 32 horizontal guide wheels 
acting on the guide rails for the purposes 
above described. The whole weight of the car 
was supported by eight double-flanged main- 
wheels 44 feet in diameter, the centre wheels 
being driven, the two outer wheels being 
leading and trailing respectively. The ends 
of the car were pointed to diminish the air 
resistance. The triangular spaces enclosed in 
these ends were reserved for the driver and 
conductor. The driver, or electrician, had 
under his hand the devices for starting, 
regulating speed and stopping. 

The interior of the car had sitting accom- 
modation for 100 passengers. Each person 
had a separate seat, specially arranged so as 
to avoid discomfort while passing round the 
sharp curves at high speed. 

The electrical current was picked up by 
trollies attached to the car, but insulated from 
the bottom of the bogies. 

Owing to the imperfect condition of the 
generating station, the great weight of the 
carriage and the difficulties of the line itself, 
the maximum speed obtained during August, 
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September, and October (the only months 
when the car was running during the Ex- 
hibition) did not exceed 70 miles in the curves. 
Still, this result was not unsatisfactory, as, to 
ran with absolute safety through curves of 
540 yards radius at a speed of 70 miles an 
hour for three months has never been done 
before, and this speed could be without diffi- 
culty largely increased, certainly to over 
100 miles per hour, by increasing the power or 
diminishing the weight or having more favour- 
able gradients. So much was this felt that in 
the beginning of October the principal members 
of the Government having travelled over the 
line with their technical advisers, considered 
the results obtained sufficiently interesting to 
appoint a special commission for the purpose 
of joining me in making further experiments. 
Unfortunately, as this happened towards the 
end of the Exhibition it was impossible to begin 
any new trials before the Exhibition had closed, 
and this necessitated new sacrifices and the 
overcoming of many new difficulties. The 
ground was only leased until the end of 1897, 
and further agreements had to be made with 
the peasants in order to continue the trials 
after the close of the Exhibition, and further 
trouble arose from the fact that a great 
hurricane in November carried away the whole 
of the electrical station and levelled it to the 
ground as shown in the picture on the screen. 
This occasioned great delay, as while the 
authorities were endeavouring to fix the respon- 
sibility on to somebody’s shoulders, the whole 
of the valuable machinery was left for months 
exposed to the wind and weather. It was 
Only in the beginning of February, 1898, that 
I was authorised to re-construct the electrical 
station, and this was immediately begun, and 
the whole of the machinery put into working 
order, while the machine gallery was re-erected, 
as shown in the picture on the screen. During 
that time I also came to the conclusion that by 
removing the top of my carriage and lightening 
it, more advantageous results might be 
obtained, notwithstanding the defective elec- 
trical station and the difficulties of the line. 
For that purpose I had a new top to my 
carriage constructed in Belgium, so that 


when completed the old car with the new | 
, Manchester, in the very busiest part of the town, 
it terminates, after a run of 34 miles behind the 
' Cathedral, in Liverpool, situated also in the 
i most central part of that town. 


top weighed only about 59 tons, instead of 
70. This was only completed by the be- 
ginning of April, 1898, and from that time till 
the rıth June the Belgian Government Com- 
mission, as well as ‘the Commissions of the 
Russian and French Governments, paid many 
visits to.the line, and carried out many experi- 


ments jointly with myself. Every possible 
measurement was taken, the car was run with 


half the guide wheels off at the maximum 


speed, and the car itself was even divided into 
two parts, and one half run at a time. 
The tests applied were that of a stringent 


character, and the result was that the line was 


found satisfactory in every respect, and capable 


' of withstanding any pressure required and show- 


ing the greatest stability. A speed was recorded 
at the rate of 83 miles an hour on the curves 
of 540 yards’ radius, a result considerably 
greater than had been attained previously, 
and probably higher speeds were occasionally 
attained. Travelling at that speed was ex- 
tremely pleasant, and there was a feeling of 
perfect safety. The picture on the screen 
shows the new car travelling at high speed: 
through the curve. The absence of vibration’ 
was marked, and no accident of the slightest 
kind happened during the whole of the experi- 
ments, notwithstanding the many thousands of 
people who came to see the line. The main 
results of the trial were that, given a proper 
line of sufficient extent to acquire the proper 
speed, and a properly constructed electrical 
station, very high speeds up to 120 to 130 miles 
an hour can be attained with absolute safety 


and moderate expense, so that Lightning 


Express railways can be built of the form 
which I designed to run at a speed exceeding 
considerably 100 miles an hour over the same 


curves and gradients in use on all ordinary 


main lines in England with absolute safety, as 
it is impossible to derail the cars or to interfere 


with the stability of the line. 


As the conditions of the proposed line 


between Manchester and Liverpool will practi- 


cally do away with all the difficulties and draw- 
backs of the Brussels experimental line, it will 
be easy to attain the proposed speed of 110 
miles an hour at a moderate cost, on that line. 
The gradients will be easy and suitable for 


‘high speeds, the curves will not exceed 750 
_yards radius, the electrical station will be con- 
. structed with the very best and modern 


machinery, and with ample power. 
The plan on the screen shows the route 


_ the proposed line will follow. 


Starting from the station in Deansgate, in 


- The train will consist of one carriage, either 
containing 60 or go passengers. The trains 


| will start every ten minutes from either end, 
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and will perform the journey in 20 minutes. 
The electrical station will be situated exactly 
half-way at Warrington, and will have a 
capacity of about 7,500 horse-power. 

The full speed of 110 miles will be attained 
within 12 miles from the start by an accelera- 
tion of 1*5 feet per second. 

The carrying capacity of the rolling stock, if 
only the smaller carriage is used, will be 
12,000 passengers per day—viz., 6,000 in each 
direction—and with the larger carriage this 
can be increased to 18,000 per day. These 
numbers can be doubled by having a five 
minutes train service. 

_ If each train carries an average number of 
twelve passengers only at Parliamentary fares 
of a penny per mile this would cover the whole 
ofthe expenses, so that every passenger carried 
beyond that number will be profit. In another 
way if the company carries an average of 
5,000 passengers per day in each direction at 
a penny a mile, this would be sufficient to pay 
IO per cent. on the entire capital of the com- 
pany, amounting to £2,800,000, and 3,500 
passengers at the same rate would pay over 
§ per cent. on the same capital. 

The picture on the screen represents a 
longitudinal section, plan and cross-section of 
the carriage. 

Here I will give some explanation of the 
carriage. 

I should also like to say here a few 
words with regard to the absolute safety from 
collisions on the line, or, of accidents of any 
kind, such as one can foresee, and on the 
proposed system of signals and brakes to 
ensure that safety. 

The question of brakes and signals are so in- 
timately connected that the one cannot be 
treated separately from the other. 

Experiments by many eminent engineers 
have shown that with the Westinghouse brake, 
it is possible to apply a retarding force of 
3 miles per second. That is to say, that the 
speed of a train travelling 60 miles per 
hour can be reduced each second by 3 miles, 
and, therefore, it can be brought to a stop in 
20 seconds. During this period, the train will 
traverse a distance of about 360 yards. A train 
travelling at 30 miles per hour can be stopped 
in 10 seconds, during which time it will have 
traversed a distance of 73 yards. These actual 
experiences therefore show that, with the 
Westinghouse brake alone, it probably will be 
possible to stop a train travelling at 110 miles 
per hour in 37 seconds, during which time it 
will have travelled 995 yards. 
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It is proposed to equip the new railway not 
only with the Westinghouse brake, but also 
with an electric brake. Whereas in ordinary 
running the current from the generating station 
is used to rotate the motors, and thus produce 
speed, by reversing or short-circuiting the 
motors, converting them thereby into dynamos. 
After the current from the generating station 
is cut off, the rotation of these wheels is utilised 
to manufacture electricity, which is absorbed 
by resistances provided for that purpose, or is 
passed through a set of properly disposed 

'electro-magnets, creating thereby a strong 
magnetic field retarding the train. This last 
method appears to me the most effective. 

I would propose in preference to apply these 
magnets to the four guide rails. To stop the 
train by this method, in 500 yards, it will be 
necessary to have four magnets, each about 
18 inches long, to act on a corresponding 
length of guide-rail, each exercising a pull of 
200 lbs. per square inch. 

Magnets of sufficient power to obtain this 
result could be easily constructed, each weigh- 
ing less than 1,000 lbs. 

Let me here remark that this does not in the 
least resemble reversing the engines on an 
ordinary steam locomotive. There is no ques- 
tion of stopping the driving-wheels so as to 
make them slide or skid along the rails. 

The main advantage of this electric brake is 
that it is most effective at the very highest 
speeds, as of course, a high speed is more 
effective for generating electrical energy than. 
a low speed. 

With the utilisation, therefore, of both the 
electric brake and the Westinghouse, it is a 
‘matter of mathematical certainty that it will be 
perfectly possible to exercise a retarding force 
amply sufficient to bring the train to a stand- 
still, from a speed of 110 miles per hour in a 
distance of about 500 yards, instead of 995 
yards as above stated. 

I do not wish to sugyest this as a rate of 
retardation I should desire to use except in 
dire emergency (which, however, I will show 
hereafter to be almost impossible to arise), as- 
although it might not injure the passengers it 
would certainly be uncomfortable. 

I only say that by the brakes proposed to be 
supplied it would certainly be possible upon an 
emergency (however improbable) to stop the 
train within the space mentioned. 

It is of course evident that the most perfect 
condition under which a railway could be 
worked would be that in which both brakes 
and signals could be dispensed with, there- 
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fore. it follows that the fewer the occasions 
for using either the better. 

Now, in the ordinary way of working our 
existing railways there are many occasions in 
which it might be important to stop the train 
as rapidly as possible. For instance, if a train 
should be seen in front, or some shunting oper- 
ations were not completed, or other causes too 
many to enumerate. But no brake, however 
powerful, is of the slightest use to-day to avoid 
a sudden obstacle, such as a sone placed on 
the rail, or a droken rail, as it is impossible 
for the driver to be aware of such obstacles 
until he is very close to them, or practically 
upon them. For these cases, therefore, the 
stoppage at 300 yards, or 200 yards, or even 
100 yards, is quite useless. 

What I wish to show now is, that on the 
proposed high speed electrical railway, though 
it is quite possible to brake the train within 
500 yards, it never can be necessary to bring 
it to a standstill in such a short distance. 

On the proposed railway there are nv level 
crossings, no switches, no shunting operations, 


and, in fact, nothing that will require the train . 


to be brought to a standstill, except in the 
event of one train preceding another breaking 
down. Therefore, by clearly explaining the 
method of signalling the position of each train 
in relation to the other, the necessity for apply- 
ing the brakes and the distance in which the 
trains would have to be stopped in case of a 
break down would be clearly appreciated. 
Beyond this the brakes need only be used for 
stopping as you approach the stations. 

I now, therefore, have only to explain the 
manner in which it is arranged that the driver 
of each train shall be informed of the possible 
stoppage of the train in front of him. 

We will take the case of the line from Man- 
chester to Liverpool, of a length of 344 miles. 
As the distance will be traversed in twenty 
minutes, and a train is to start every ten 
minutes in the ordinary way, when everything 
goes all right, the second train will only leave 
the station at Manchester when the first has 
reached Warrington, a distance of 17} miles. 

We will subdivide the line for the purpose of 
signalling, say, intofive sections of about 7 miles 
each. As trains leave Manchester Station, a 
danger signal is put up electrically at that 
station. A second similar danger signal is 
put up as the train passes point 7 miles, the 
first remains at danger, and the train travels 
on; when it reaches 14 miles it puts up a third 
danger signal, and simultaneously the block is 
removed at Manchester Station, so that the 


second train can leave when the time 
comes. 

Now we will assume that the first train has 
met with an accident after passing point 14 
miles, the second train would travel at ful) 
speed, but when it passes point 7 miles, the 
danger signal at that point not having been 
removed by the first train, as this never 
reached point 21 miles, the driver of the 
second train would be informed that the first 
train had met with an accident beyond point 
14 miles, and, therefore, that he had to slow 


down, but that for such lowering of his speed 


he had a clear run of over 7 miles. 

Therefore, there could be no difficulty of 
stopping in any case, even without using the 
brakes, by simply cutting off the current. 

Whenever the train passes over a point 
where the danger signal is put up, this danger 
signal is also reproduced by a very simple and 
inexpensive contrivance in the cabin of the 
electrician, so that the conductor may hear it 
and see it, even if there was a thick fog. 

Under these conditions of travelling, it 
seems superfluous to have any emergency 
brakes, and though we shall be able to stop 
the trains within 500 yards, no case can be 


‘imagined in which it would be useful, or 


necessary to resort to such stoppage. 

A six minutes’ service of trains can be estab- 
lished by reducing the sections to four miles, 
and if a three minutes’ service was required, 
the block would have to be reduced to two 
mile sections, giving a clear run of two miles 
in case of a break down. 

Of course it is useful to have a powerful 
Westinghouse brake to stop as rapidly as 
possible at the station. This can be done 
easily in 1,000 yards on the level without using 
the electrical brake at all, and as we have a 
rise of 24 feet in the last 1,500 yards going into 
Liverpool and a rise of 46 feet in the last 1,200 
yards going into Manchester, the cutting off of 
the current and the applicaiion of an ordinary 
Westinghouse brake about 1,200 yards from the 
station, will stop the train quietly and com- 
fortably at the stations. 

In choosing for the first line to be worked at 
these speeds the line between Manchester and 
Liverpool, the same reasons hold good which 
made Stephenson choose it for the first 
application of the steam railway. I 
hope to prove thereby to the great railway 
companies the advantages they would derive 
in adopting on all great main lines this 
system for the express passenger traffic alone, 
thereby solving the problem of increased 
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speed with absolute punctuality, and punc- 
tuality not only for the express trains, 
but also for the working of their enor- 
mous traffic on their present rails, con- 
sisting ‘of an ever-increasing local passenger 
and goods traffic, which often so blocks the 


existing railways as to render their safe and 


punctual working absolutely impossible. 

The result would also be a great reduction 
in the working expenses and maintenance. 
The summer expense of shunting on the 
present lines would be reduced to a minimum, 
and accidents would practically be entirely a 
thing of the past, a result to be devoutly 
desired both from a humanitarian, as well as 
financial, point of view. 

And though I can easily show that for high 
speeds all the advantages, both of cheapness 
and of safety, are on the side of the monorail 
lines against the ordinary two-rail lines, I 
venture to say that if even that was not so, it 
would be still most desirable to carry the 
high-speed passenger traffic on rails which 
could not by their very nature be worked by 
the ordinary rolling stock of existing railways. 
Otherwise, in a very short time, there would be 
the old evils of mixed traffic at mixed speeds, 
as the railway companies, in face of the ever- 
growing traffic on their lines, would sooner or 
later fall victims to this temptation. 


DISCUSSION. 


The CHAIRMAN said ‘that although the subject of 
‘monorails had been before the ‘British public for 14 
years, it would not have reached its present state ot 
practical success without the enthusiasm and perse- 
_verance. of Mr.. Behr. A Bill was brought before a 
Committee of the House of Commons last year, which 


it was: hoped: would have ‘passed thionugh Parliament, ` 


but, unfortunately, it was throwa out. By the rules 
of Parliament the same Committee would not be 
appointed this year; if it were, the desired 
result, he beljeved, would be at once obtained. The 
subject would have to be fought over again before a 
fresh Committee, he hoped this time with success. 
Before giving evidence last year in favour of Mr. 
Behr’s Bill, evidence which he hoped to repeat this 
year, he inspected the pioneer railway from Listowel 
to Ballybunnion. That line was constructed 13 years 
ago; a rail had never been turned, or an accident 
happened, or: a pound paid for compensation, and he 


came away greatly impressed with the practicábility 


of the line. An intimate friend of his, a distinguished 
engineer, had also inspected the line, and on his return 


said, ‘‘ For heaven's sake don't go in for this thing ; 


there’s nothing in it ; I never saw such a clumsy thing . 


in my life.” He replied that he had seen the line 
a second time, and was more than ever impressed 
with its practicability. The difficulty with which the 
Committee of the House of Commons had to 
deal, would be understood when two men on the 
same subject came- to such opposite conclusions. 
There was the difference that in his case he had 
become imbued with some of Mr. Behr’s enthusiasm. 
Speed was simply a question of power, which was 
easily supplied by electricity. There was no question 
that with a line properly constructed, a speed 
of 110 miles an hour was easy. In dealing with the 
element of safety, Mr. Behr had referred to the 
rigidity of the structure. Rigidity was not absolutely 
an element of safety. In the course of a discussion 
at the Institute of Civil Engineers, about 40 years 
ago, the President, Mr. George Parker Bidder, said 
that if by any miracle a perfectly smooth sea were con- 
gealed into a sea of first-class steel om which an 
absolutely perfect rail were engraved, a train would 
not remain on it for over 100 yards, for the reason 
that the rail would be an absolutely rigid structure 
and the train an elastic structure. In the groposed 
railway the elements of elasticity existed both in the 
carriage and in the permanent way, and the elements of 
satety existed in the safeguards surrounding the 
system. The carriage could not possibly come off 
the rail. Accidents might happen to. the rail with 
a resultant stoppage, but Mr. Behr had proved how 
railway travelling could be made much safer than 
walking in the streets of London. In the experi- 
ments conducted at Brussels, comparative comfort 
was obtained when travelling at 80 miles an hour, 
and he was convinced that travelling between 
Manchester and Liverpool at 110 miles an hour 
would be more comfortable, steadier and smoother, 
than travelling at 40 or 50 miles an hour on existing 
railways. Vibrations on railways were due to the 
irregularities in the joints of thé rails, and the frequency 
of jolts over the joints, with the result that, however, 
smooth and comfortable a line, there was always noise. 
There was no doubt that the vibration on underground 
systems were due to removable causes, and the 


underground railways of the future were sure to be 


free from such disturbances. The application of the 
brake when travelling at 50, 100, or 150 miles an 
hour, was quite practicable; the only question was 
the distance within which a train could be brought to 
a stop, a subject connected more with the comfort of 
the passenger than the difficulty of stopping the train. 
In the proposed yailway a sudden stop was not 
required ; it was only necessary at the middle or end 
of the journey, or when the signal was against the 
train. The emergency brake so essential on other 
railways was not necessary, and whilst it was quite 
possible to bring a train to a full stop at 500 yards, 

he did not think the necessity would ever arise. 5 


: Me, Ru ELLIOTT COOPER aida speed of 100, miles 
an. hour : was considered by some people so. far in 
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advance of anything at present existing as to be a | 44 feet per second per second. To get that 


dream. This idea would be found to be fallacious if 
we remembered that in the early thirties 15 or 20 miles 
an hour was considered too fast a speed for safety, 
and that in America at the present time a speed of 80 
miles an hour was frequently attained. The feeling 
experienced when travelling at 80 miles an hourr on 
a practically straight track with no curves of 
small radii, was very little different from that expe- 
rienced when travelling at 30 or 40 miles an hour. 
It was a mistake to suppose that the sensa- 
tion of travelling at 110 miles an hour would be un- 
pleasant, provided the curves were not sharp. It 
would be impossible to run at anything like that 
speed on a two-rail line, the superelevation of one rail 
being so great that the carriage would be practically 
at an angle of 45 degrees. There were two advan- 
tages in the proposed system, the first being that on 
a single rail the question of superelevation was 
limited. It there was a difference of level in a 
sleeper the effect upon the single rail would 
be so infinitesimal as to make no difference to 
the running cf the one wheel. Secondly, any 
question of the effect of centrifugal force was 
altogether taken up by the side wheel, because the 
centre of gravity was considerably below the point of 
support and the car was in stable equilibrium. In 
the ordinary train the centre of gravity was very con- 
siderably above the point of support, so that 
the moment it began to move it ceased to be 
in stable equilibrium. The construction occasion- 
ally seen, of a wire hung between two elevators, 
and a car with a balance weight undemeath, the 
bottom of the car so constructed that a single 
wheel carried it upon the wire was exactly the 
same principle as the monorail, and was perfectly 
safe. The moment the centre of gravity was 
placed below the point of support one of the chief 
elements of danger was overcome. To a very great 
extent the system of signalling described by Mr. 
Behr was the lock and block system in daily use 
on many express lines of railway, which was the 
greatest possible source of safety. One of the special 
features in Mr. Behr’s system, was the arrangement 
by which the bell rang inside the car, instead of 
making the engine-driver entirely responsible for 
seeing the signal. Under such circumstances, it was 
impossible for the controller of the car to make a 
mistake. The railway below the level of the sleeper 
was exactly the same as an ordinary railway, 
with ordinary embankments, cuttings, viaducts, and 
bridges. There was therefore no reason for 
the travelling public to think the structure was 
any more dangerous than the ordinary railway on 
which they travelled every day of their lives. _ 


Professor C. A. CARUS WILSON thought the brake 
was the crux of the whole question. Mr. Behr said 
that with the Westinghouse brake, a retardation 
of three miles per hour per second was obtained, or 


figure, a retarding force of 300 lbs. per ton was 
necessary; Mr. Behr being thus within the practical 

limit which was about 320 lbs. The alternative of an 

electrical brake was offered. He had calculated that 
if the motors used for driving the train were employed 

as brakes, in order to get a retardation of 4} feet 
per second per second, with a train of So tons, 

travelling at 110 miles an hour, 4,400 horse-power 
would have to be absorbed. Motors capable of de- 

livering that amount of horse-power, either into the 

line or into the rheostat would have to be on the train. 

Mr. Behr further stated that by using both the electri- 

cal and Westinghouse brakes he could stop a train 

in 500 yards. It was a mistake to suppose that 

by the use of an electrical brake an appreciable 

advantage was obtained in the slipping of the 

wheels on the rails. In order to stop a train in 500 
yards, a retardation not of 4} feet per second per 

second but of 84 feet per second per second was 
necessary, or a resistance to slipping on the rail of 600 
Ibs. per ton, an impossible amount. If both brakes 

were used it was impossible to get a retardation of 
more than 44 feet per second per second, and nothing 

was saved by allowing the motors to short-circuit on 

a resistance. It was impossible to brake at such. 
speeds with a friction brake because such an 

enormous amount of energy had to be dissipated. 


Lieut.-Col. ALLAN CUNNINGHAM considered that 
the application of the emergency brake when the train , 
was travelling at 110 miles an hour would have a most 


‘uncomfortable effect on the passengers. In running 


round a curve at a great speed a tilt in the line was 
necessary for the comfort of passengers; without the 
tilt the pressure from the seat of the carriage would not 
be derived in the proper direction. The signalling 
arrangements had been very carefully thought out 
but it was a mistake that passengers should hear the 
continuous ringing of the bell. 


Mr. W. S. Boutt asked Mr. Behr if he had had 
any experience of making contacts between a 
carriage running at 110 miles an hour and fixed 
contacts on the road side. The slightest touch 
at such a speed amounted to a very heavy 
blow. Contacts were made at high speeds, . 
especially with fog-signalling apparatus, but the 
path had to be very carefully adjusted. He 
had conducted experiments with an apparatus 
working at a speed of 7o miles an hour with a 
clearance of three inches, and thought such an 
apparatus was more satisfactory than the contacts 
suggested.by Mr. Behr. The proposed signals were 
built on the old style of the semaphore. The atmos- 
phere between Manchester and Liverpool not being 
always clear, it would often be very difficult for the 
driver of a train travelling at 110 miles an hour to. 
see the signa’. 
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Mr. JAMES N. SHOOLBRED enquired how many 
wheels bore upon the rail which carried the carriage 
and what was the weight of the carriage fully loaded. 
The resistance offered by the air when travelling at 
such a high rate of speed would considerably affect 
the form of rolling stock used. 


Mr. TREMLETT CARTER thought the resistance of 
the air was a useful quantity, inasmuch as it con- 
tributed a considerable factor to the braking power 
accounted for in one directiou by Professor Wilson. 
At a speed of 110 miles the air resistance was nearly 
four times what it was at a speed of 60 miles, and in- 
asmuch as the maximum braking power was required 
at the maximum speed, a considerable resistance was 
added to the power derived from the Westinghouse 
or the emergency electrical brake. The scheme was 
a coming event, casting its shadow before. It was a 
type of the 2oth century railway, and would, at the 
end of the 2oth century, not only be found between 
Manchester and Liverpool, but largely covering the 
map of the United Kingdom. 


Mr. F. W. FLETCHER asked what precaution had 
been taken to prevent the bearings running dry, and 
what system would be adopted for preventing the 
train running into the buffers at the end of the line. 


Col. CUNNINGHAM asked whether there would be 
a double line of railway. 


Mr. F. B. BEHR, in reply, said there would be a 
double line of railway. It was impossible to discuss the 
question of brake power raised by Professor Wilson. 
He had calculated that the power required would not 
be nearly as much as mentioned by that gentleman. 
It may be desired hereafter to slightly tilt the rail, 
but it was not very important either way. 
regard to the comfort of passengers, 85 miles an hour 
was attained round a curve of 540 yards radius on 
the Brussels railway without discomfort to the pas- 
sengers. The smallest curve on the new railway 
was 750 yards, the others having a radius of 
between three-quarters and one mile. He stated 
in the paper that he would not give an opinion on 
the comfort of the passengers if the brakes were 
applied to stop the train in 500 yards. The brakes 
could be applied if necessary, but owing to the 
signalling arrangements it seemed impossible for such 
a circumstance to arise. The electrical contacts were 
made with due regard to the high speed of the train, 
and could be from 100 to 200 feet long. The bell 
would be put in the cabin of the electrician in the 
front part of the train, which was entirely separate 
from the passenger saloon, besides, the bell would 
probably ring very rarely. The number of wheels 
depended on the size of the carriage, in some cases 
six and in o‘her; eight. The loaded car weighed be- 
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tween forty-five and fifty tons. The oiling arrange- 
ments on the wheels had been very carefully 
designed. In ordinary railways the engine-drivers 
frequently over-ran the platform on account of the 
varying speeds, lengths, and weights of trains, but 
on the proposed railway the speed, length, ana 
weight would be constant, and even supposing the 
driver ever miscalculated he would have an extra 
300 feet before he reached the buffer. 


On the motion of the CHAIRMAN, a hearty vote 
of thanks was accorded to Mr. Behr for his paper. 


Miscellaneous. 
—— 
THE BAHREIN PEARL FISHERIES. 


In the centre of the broad V-shaped bay that 
separates El Katr from Turkish El Katif, lies the 
object of much solicitude, viz., the Island of Bahrein, 
famous throughout the world for its pearl fisheries, 
which rank with those of Ceylon. The island is 
thirty miles long, and from six to nine miles broad. 
The pearl fishing at Bahrein lasts, according to an 
Indian report, from June to October, and it is pursued 
not only at Bahrein, but along the entire Arabian 
coast. The Bahrcin banks, stretching for a length of 
four to five leagues, are, however, the richest and 
most certain. At the season of fisheries, some 4,500 
boats of every size and rig may be seen all busily 
employed. They carry from five to fourteen men 
each, and the total number of hands engaged is said 
to be 30,000. The scene is one of the greatest 
picturesqueness and animation. Like most of the gulf 
ports and trading settlements, it was taken early in the 
16th century by the Portuguese, who established a 
station there and at El Katif, to ensure a monopoly of 
the pearl trade. When the pearls have been picked 
out of the shells, they are handed to the master of the 
boat, who proceeds to sort them by the manipulation 
of a triple set of brass sieves pierced with holes of 
different diameter. ‘The pearls that are unable to 
pass through the largest sieve are called “ Ras,” the 
residue of the second sieve are ‘‘ Batin,” while the 
resulting contents of the third sieve are known as 
« Dzel.” Made up into separate batches, according 
to their classification, the assorted pearls are then 
sold to the pearl merchant, upon an intricate scale of 
values, depending upon the shape, colour, specific 
gravity, and size. The merchant rearranges them in 
small packets, and despatches them to the Indian 
market, whence a great many go back again to 
Arabia and Persia. Generally speaking, the Bahrein 
pearls are not so white as Ceylon pearls, but are 
larger and more regular in shape ; while they are said 
to retain their lustre for a longer period. The Ceylon 
banks require to be carefully watched, and fishing is 
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only permitted by Government at various periods. 
On the other hand, the Gulf banks give no indication 
of a failing supply. 


Correspondence. 
a A 


THE HISTORICAL DEVELOPMENT OF 
THE ART OF MOSAIC. 


A friend who writes to draw my attention to some 
typographical errors in the quotation in my Note on 
Mosaics, in the Journal for the Ist inst., from Pliny, 
Book xxxvi., Ch. 25 (60), goes on to suggest 
that the text may be subject to amendment, and may 
bear the following meaning :—‘‘ Pavements skilfully 
worked up in the fashion of pictures were devised by 
the Greeks, and ultimately they superseded Mosaics.” 
My correspondent adds: “ Pliny was writing about 
lime and mortar, and seems to me to refer to some 
kind of fresco painting applied to pavements.” 

I did not translate the passage, first, because its 
meaning seemed, compared with the context [Ch. 21 
(42) and 22 (43), and Book xxxv., Ch. 1], to be 
so clear, and, second, because my only object in 
quoting it was to show that the Romans came gradu- 
ally to restrict the term “‘lithostrotum ” to Mosaic 
work, afterward denominated by Ælius Spartianus, 
St. Augustin, and others, ‘‘opus Musivum.” I 
cannot pretend to criticise the original text of Pliny, 
but, as my quotation, besides any textual corrup- 
tions, contained two obvious typographical errors, 
I will here correctly reproduce it from the Elzevir 
edition of 1635 :—‘‘ Pavimenta originem apud Grecos 
habent elaborata arte, picture ratione, donec litho- 
strota expulereeam.”’ And I translate the passage :— 
“ Pavements are an invention of the Greeks [who 
also painted them a? fresco or otherwise], with elabo- 
rate art, after the manner of pictures, until Mosaics 
superseded them.” There can at least be no question 
of plain ‘‘ Pavimenta ” having preceded “ lithostrota ”’ 
in the restricted sense of artistic Mosaic, “ opus 
Musivum.”’ 


GEORGE BIRDWOOD. 
March oth, 1901. 


General Notes. 
—_ 


MINES AND QUARRIES.—According to the Re- 
port of Mines and Quarries for 1900, advance proof of 
the Tables to which have just been issued by the 
Home Department, the total output of coals during 
the year was 225,170,163 tons, that of 1899 being 
220,085,368 tons; the total of fireclay in 1900 was 
2,844,676 tons, of ironstone 7,775,868 tons, and of 
oil shale 2,222,221 tons. The number of persons 
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employed below ground in 1900 was 624,223, com- 
pared with 583,009 in 1899; the number above 
ground in 1900 was 155,829, compared with 146,000 
in 1899. 


MEETINGS OF THE SOCIETY. 


ORDINARY MEETINGS. 
Wednesday evenings, at Eight o’clock :— 
MARCH 20.—‘‘ Evolution of Form in English 

Silver Plate.” By Percy T. MAcQuorip. SIR 
SAMUEL MONTAGU, Bart., will preside. 


' MARCH 27.—“ Clocks, Carillons, and Bells.” By 
A. A. JOHNSTON. 
APRIL 17.—* The Synthesis of Indigo.” By 


ProF. RAPHAEL MELDOLA, F.R.S. SiR HENRY 
E. Roscog, LL.D., D.C.L., F.R.S., will preside. 

APRIL 24.—“ Patent Law Reform.” By 
ALEXANDER SIEMENS. The Right Hon. the Lorp 
CHIEF JUSTICE, G.C.M.G., will preside. 

May 1.— “Thames Steamboat Service.” By 
ARNOLD F. HILLS. SIR FREDERICK BRAMWELL, 
Bart., D.C.L., F.R.S., Treasurer of the Society, will 
preside. 

May 8.—“ School Work in Relation to Busi- 
ness.’ By Sır JOSHUA FITCH, LL.D. 
MAY 15.—“ Wireless Telegraphy.” 

ELMO MARCONI. 


By GUGLI- 


INDIAN SECTION. 
Thursday afternoons, at 4.30 o’clock :— 


MaRcCH 28.—‘‘The Greek Retreat from India.” 
By COLONEL S1R THOMAS HUNGERFORD HOLDICH, 
R.E., K.C.I.E., C.B. The EARL of HARDWICKE 
will preside. 

APRIL 18.—‘‘ Madras the Southern Satrapy.” By 
Joun DAVID REES, C.I.E. 

May 2.—“ Science in Ancient ana Modern India.” 
By ProF. JAGADIS CHANDRA Bose, M.A.. D.Sc. 

May 16.—“‘ The Town and Island of Bombay— 
Past and Present.” By L. R. WINDHAM FORREST, 
formerly Chairman of the Bombay Chamber of 
Commerce. 

The meetings of March 14, April 18, and May 2 
will be held at the Society of Arts; those of 
March 28 and May 16 at the Imperial Institute. 


COLONIAL SECTION. 

Tuesday afternoons, at 4.30 o’clock :— 

MARCH 26.—“‘ The Commonwealth of Australia.” 
By the Hon. SIR JOHN ALEXANDER COCKBURN, 
K.C.M.G. The RiGHT HON. JAMES BRYCE, 
D.C.L., F.R.S., M.P., will preside. 

APRIL 30.—‘‘ The British West Indies.’’ By Sır 
NEVILE LusBsock, K.C.M.G., Chairman West India 
Committee. 

May 7.—“ The Coal Problem—its Relations to the 
Empire.” By LIEUT. CARLYON W. BELLAIRS, 


RIN. 
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APPLIED ART SECTION. 
Tuesday evenings, at 8 o’clock :— 
APRIL 16.—“' Greek Vases, their Evolution of 
Form and Ornament.” By CECIL SMITH, LL.D. 
May 21.—“ The Rise and Development of Egyp- 
tian Art.” By PRroFrEssorR W. M. FLINDERS 
PETRIE, D.C.L. 
CANTOR LECTURES. 
Monday evenings, at 8 o’clock :— 
MAJOR P. CARDEW, ‘‘Electric Railways.” 
Three Lectures. 
LECTURE II.—MARCH 18. 
Multiple unit system—Compressed air control— 


Line equipment—Third rail and overhead conductors © 


—Limitations of electrical pressure—Return circuit— 
Fall of potential must be kept very small—Booster 
arrangement—Ganz’s trolley pole and other details of 
system — Generation and transmission — Distance 
apart of stations — Sub-stations — Transformers— 
Rotary converters—Accumulators. 
LECTURE III.—MARCH 25. 
Consideration of equipment and working of a full- 
scale railway for suburban and main traffic on the 
polyphase system. 
SIR WILLIAM CHANDLER ROBERTS-AUSTEN, 
K.C.B., F.R.S., © Alloys.’ Four Lectures. 
April 22, 29, May 6, 13. 


HOWARD LECTURES. 


Friday evenings, April 26, May, 3, 10, 17:— 


ALFRED C. EBORALL, A.I.E.E., ‘‘ Polyphase 
Electric Working.”’ 


MEETINGS FOR THE ENSUING WEEK. 


Monpay, Marcu 18...SOCIETY OF ARTS, John-street, 
Adelphi, W.C., 8 p.m. (Cantor Lectures.) Major 
Philip Cardew, “ Electric Railways.” (Lecture II.) 
Imperial Institute, South Kensington, S.W., 8} p.m. 
Mr. W. R. H. Trowbridge, ‘The West Indies and 
their Attractions.”’ 
British Architects, 9, Conduit-st., W., 8 p.m. 
Medical, 11, Chandos-street, W., 84 p.m. 
Victoria Institute, 8, Adelphi-terrace, W.C., 4} p.m. 
Rev. T. Hunter Boyd, “ Religion and Art.” 
TuEspAy, MARcH 19...Royal Institution, Albemarle-street, 
W.,3p-m. Dr. A. Macfadyen, “The Cell as the 
Unit of Life.” (Lecture IV.) 
Junior Engineers, Westminster Palace Hotel. S.W., 
8 pm. Mr. A. H. Barker, “ Works Manage- 
ment.” (Lecture IV.) | 
Civil Engineers, 25, Great George-street, S.W., 


8 p.m. Discussion on Mr. Joseph Husband's 
paper, ‘‘The Esthetic Treatment of Bridge 
Structures.” 


Statistical, 9, Adelphi -terrace, Strand, W.C.. 5 p.m. 
Dr. John F. J. Sykes, “The Results of State, 
Municipal, and Organised Private Action on the 
Housing of the Working Classes in London and 
in other large Cities in the United Kingdom.” 
(Howard Medal Prize Essay.) 

Pathological, 20, Hanover-squarc, W., 8} p.m. 

Photographic, 66, Russell-square, W.C., 8 p.m. 
Mr. Charles B. Howdill, ‘‘ Photographing Stained 
Glass by the Three-Colour Process.” 


Zoological, 3, Hanover-square, W., 8} p.m. 1. Dr. 
G. S. Brady, “New or Imperfectly-known 
Ostracoda, chiefly from a Collection in the Zoo- 
logical Museum, Copenhagen.’’ 2. Dr. C. I. 
Forsyth Major, “Lemur mongoz and L. rubri- 
venter,” 3. Mr. P. Cameron, “The Hymenoptera 
collected in New Britain by Dr. Arthur Willey.” 

WEDNESDAY, MARCH 20...SOCIETY OF ARTS, John-street, 
Adelphi, W.C., 8 p.m., Mr. Percy T. Macquoid, 
“ Evolution of Form in English Silver Plate.” 

Meteorological, 25, Great George - street, S.W.. 
74.p.m. Dr. Hugh Robert Mill, ‘‘ Climate, and 
the Effects of Climate.”’ . 

Geological, Burlington-house, W., 8 p.m. 

Microscopical, 20, Hanover - square, W., 8 p.m. 
Mr. William H. Merrett, “ The Metallography of 
Iron and Steel.” 

Archzological Association, 32, Sackville-street, W., 
8 p.m. 

Patent Agents, 19, Southampton-buildings, W.C., 
8 p.m. 1. Discussion on Mr. B. Frey-Godet’s 
paper, ‘* Trade Marks and their National and 
International Protection.’’ 2. Discussion on paper 
by the Secretary, “The Progress and Work of 
the Chartered Institute of Patent Agents.” 

Mining and Metallurgy, Geological Museum, 
Jermyn - street, S.W., 8 p.m. 1. Annual General 
Meeting. 2. Mr. E. Henry Davies, ‘‘ The Electric 
Power Station at the Pierrefitte Mine.” 3. Mr. P. 
R. Robert, ‘‘ Note on Smelting Lead-Copper Ore.” 
4. Mr. P. R. Robert, “ Note on Lead Assaying.” 

Folk Lore, 22, Albemarle-stect, W.,8 p.m. Miss G. 
M. Godden, ‘‘Sand Ropes and other Futile 
Tasks.” 

THursDAy, MARCH 21...Royal, Burlington-house, W., 4} p.m. 

Antiquaries, Burlington-house, W., 84 p.m. 

Linnean, Burlington-house, W., 8 p.m. Mr. P. 
Chalmers Mitchell, ‘‘The Intestinal Tract of 
Birds, and the Valuation and Nomenclature of 
Zoological Characters.” 


Chemical, Burlington-house, W., 8 p.m. 1. 
Messrs, S. B. Schryver and F. H. Lees, “ Re- 
searches on Morphine.” (Part II) 2. Mr. 


H. A. D. Jowett, “The Constitution of Pilo- 
carpine. (Part II.) 3. Mr. Holland Crompton, 
“ Note on the Latent Heats of Evaporation of 
Liquids.” 4. Mr. G. D. Lander, ‘‘ Action of Dry’ 
Silver Oxide and Ethyl Iodine on Benzoylacetic 
Ester, Desoxybenzoin, and Benzyl Cyanide,” 5. 
Mr. G. D. Lander, “Alkylation of Acylary- 
lamines.” 

Botanic, Inner Circle, Regent’s-park, N.W., 3} p.m- 

Royal Institution, Albemarle-street, W., 3 p.m. 
Sir Wyke Bayliss, ‘Shakespeare in Relation to 
his Contemporaries in Art.” (Lecture I.) 

Historical, St. Martin’s Town-hall, Charing-cross- 
road, W.C., 8} p.m. 

Numismatic, 22, Albemarle-street, W., 7 p.m. 

Fripay, MARCH 22...Royal Institution, Albemarle-street, W., 
8 p.m. Weekly Meeting. 9 p.m. Dr. H. T. 
Brown, ‘Some Recent Work on Diffusion.” 

Civil Engineers, 25, Great George-street, S.W., 
8p.m. Students’ Mecting. Mr. O. L. McDermott, 
“The Hunslet Railway, and Bridge over the 
River Aire.” 

Clinical, 20, Hanover-square, W., 8 p.m. 

Physical, Chemical Lecture Theatre, University 
College, Gower - street, W.C. 1. Professor 
Callendar, “On the Expansion of Silica.” 2. Dr- 
E. C. C. Baly, “ The Spectroscopic Apparatus at 
University College.” 

SATURDAY, MARCH 23...Royal Institution, Albemarle-street, 
W., 3 p.m. Lord Rayleigh, “Sound and Vibra- 
tion.” (Lecture V.) l 
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AM communications for the Society should be addressed to 
the Secretary, Fohn-street, Adelphi, London, W.C. 


Notices. 
—_———_———_ 
HOWARD LECTURES. 


The course of lectures on ‘‘ Polyphase 
Electric Working,’’ announced to be delivered 
by Mr. ALFRED C. ERORALL, A.I.FE.E., on 
Friday evenings, April 26, May 3, 10, 17, will 
be given under the Howard Trust. 

Previous courses of lectures under the 
Howard Trust were delivered by the late 
Sir William Anderson, K.C.B., F.R.S., in 
1884, by Prof. W. Cawthorne Unwin, F.R.S., 
in 1893, and by Prof. J. A. Ewing, F.R.S., in 
1897. 

The conditions of admission to the lectures 
will be the same as for the Cantor series, each 
member, besides his personal admission, being 
entitled to give one ticket to a friend. A 
limited number of tickets will also be given to 
genuine students of the subject. For these ap- 
plication should be made to the Secretary. 


CANTOR LECTURES. 


MAJOR P. CARDEW delivered the second 
lecture of his course on ‘‘ Electric Railways,” 
on Monday evening, 18th inst. 

The lectures will be published in the Fournal 
during the summer recess. 


Proceedings of the Society. 
——_ 
APPLIED ART SECTION. 


Tuesday. March 5th, 1901; SIDNEY COLVIN, 
M.A., Keeper of the Prints and Drawings, 
British Museum, in the chair. 


The paper read was— 
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EARLY PLAYING CARDS, THEIR 
DESIGN AND DECORATION, 
By ROBERT STEELE, F.S.A. 

The early history of card playing is so in- 
complete that any new fact concerning it should 
be brought to light at once. There is probably 
no subject of equal obscurity concerning which 
so many wild guesses and assumptions have 
been made and published as authoritative his- 
tory. Itis my object to-night to trace out and 
put on record what is known of the origin of 
playing cards, and of their development during 
the first century of their history. Two impor- 
tant documents have been brought to light 
since the history of cards was last written, 
which render extremely doubtful the theory of 
their origin previously entertained. The first of 
these is the description, some twenty years ago, 
by Sir E. A. Bond, of the treatise of Johannes 
Teutonicus, de moribus et disciplina humane 
conversationis (MS. Eg. 2419); the second 
will be dealt with later. 

As you are aware, there are two principal 
varieties of playing cards:—The whzs?¢* pack of 
four suits, and those derived from it by the 
suppression of some of its cards, and the 
farot pack of five suits, the fifth suit being 
composed entirely of picture cards, and being 
a permanent set of trumps. We cannot say 
what were the distinguishing marks of the first 
cards, but the first suit-marks known to us 
(1423) were cups, swords, clubs, and money— 
a set which more readily lends itself to 
decorative treatment, as you will see from the 
slides before you, than ours—of French origin. 
The German marks—acorns, bells, leaves, 
and hearts—may be earlier, but of that we 
have no evidence. The French suit-marks 
were in use before the middle of the 15th 
century, while English playing - cards were 
at that period of French or German origin. 
In the case of the tarot pack there are three 
principal varieties—the tarot, the minchiate or 
germini, and the tarocchino packs. As we now 
know it the tarot pack contains four suits of 
fourteen cards each (cups, swords, clubs, and 
money), king, queen, knight, and knave, and 
ten plaincards. The fifth suit has the following 
cards and numbers figured :—The fool. 1. The 
juggler. 2. The empress. 3. The emperor. 
4. The papessa. 5. The pope. 6. Temper- 
ance. 7. Love. 8. The triumphal car. 
g. Force. 10. The wheel of fortune. 11. The 


* Though wAzs/ is of course a comparatively modern game, 
the name is convenient, 
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hunchback. 12. The hanged. 13. Death. 
14. The Devil. 15. The arrow. 16. The star. 
17. The moon. 18. The sun. 19. The angel. 


20. Justice. 21. The world. The order and 
the names of these cards are sometimes varied, 
the subjects are invariable. The mnchiate 
or germini pack has the same four suits of 
fourteen cards, except that in the suits of cups 
and money the knave is replaced by a waiting 
maid, but the fifth suit is now made up of forty- 
one cards which bear no name. They are :— 
The fool. 1. The juggler. 2. The grand duke. 
3. The emperor. 4. The empress. 5. Love. 
6. Temperance. 7. Force. 8. Justice. 9. The 
wheel of fortune. 10. The triumphal car. 
11. The hunchback. 12. The traitor. 13. 
Death. 14. The devil. 15. The tower. 16. 
Hope. 17. Prudence. 18. Faith. 19. Charity. 
20. Fire. 21. Water. 22. Earth. 23. Air. 
24. Libra. 25. Virgo. 26. Scorpio. 27. Aries. 
28. Capricornus. 29. Sagittarius. 30. Cancer. 
31. Pisces. 32. Aquarius. 33. Leo. 34. 
Taurus. 35. Gemini. The star. The moon. 
The sun. The world. The angel. 

The established theory of the origin of playing 
cards is that the tarot pack of 78 cards was 
the form in which cards first appeared in 
Europe, that the whist, picquet, and tarocchino 
packs were derived from this subsequently 
by suppression, and the minchiate pack by 
addition of some cards. This theory is further 
complicated by some speculations as to the 
nature of zadr, the popular Italian name for 
playing cards at the end of the 14th and 
throughout the 15th century. This theory 
may be most conveniently studied in Merlin’s 
‘‘Origine des cartes a jouer,’ Paris, 1869. 
It is, however, put out of court by a more 
attentive study of the known facts. 

The earliest dated mentions of playing 
cards are at Brefeld in 1377 (Switzerland) and 
Viterbo in 1379-—-the dates of their introduction 
respectively. Apossiblyearlicr mention occurs 
in a notice of a MS. chronicle where treating 
of the origin of the fratelli, it lays down as 
one of their rules ‘“ Non getti dadi, ne tocchi 
naibi ” : ‘‘ Not to throw dice nor handle cards,” 
but as I cannot trace the MS. I can offer no 
opinion on the date of it. The treatise of 
Johannes Teutonicus (1377) speaks of cards as 
newly introduced and of unknown origin, and 
describes a pack of four suits of the familiar 
German pattern, king, upper knave, lower 
knave, and 10 to ace. The well-known 
Stukeley cards are of this pattern. The author 
however su sgests that a queen and two 
attendant damsels might be introduced, and 


his praise of the game as a recreation, even 
for a preaching friar, shows that it had not 
developed into an instrument for gaming. 

In a paper in ‘‘ Archzologia’’ (57. 195) I 
have collected a number of the earliest authentic 
references to cards. From these it will be 
seen that they soon became instruments for 
gambling. In 1404 the Synod of Langres 
forbad their use. In 1423 the passion for play 
had become so great that S. Bernardine of 
Siena undertook a crusade through Northern 
Italy against them with such effect that 
whole heaps of playing cards were brought 
out and destroyed, as in Florence, later 
under Savonarola’s preaching. A story is 
told how one man standing by the Saint 
burst into tears, that his livelihood was gone 
and how the Saint gave him a new card to 
paint, having on it the sacred emblems. A 
copy of this or a similar card is before 
you. In 1430 Amadeus of Savoy, forbad 
card playing in his dominions except with 
ladies for pins, and from this time forth the 
prohibition became general. S. Bernardine 
in his sermons written in 1440, expressly 
attributes the invention of cards to the Enemy 
of God and Man, who had produced them as 
a kind of infernal breviary. 

It is worthy of notice that up to this time we 
have no record of any other cards than those 
of the whist pack of four suits— now (in 1440) of 
14 cards each—king, queen, upper and lower 
knaves (milites etiam inferiores et superiores). 
Their size may be taken to be that of the Weigel 
card or that of the Stuttgart engraved cards, 
of which a fac-simile is shown on the screen. 
But about this period a new variety of cards 
presents itself. The earliest note in point of time 
connects itself with Philip Maria Visconti of 
Milan, whose secretary Marziano painted for 
him a set of cards with figures of gods, having 
animals and birds at their feet, for a sum of 
1,500 crowns. What these cards were, or 
what was their exact date, I cannot say, though 
the date of Marziano’s secretaryship could 
no doubt be fixed, and the description of the 
game, ‘‘ genus ludi qui ex imaginibus depictis 
fit,” answers toaspeciesof /udustriumphorum 
rather than to ordinary card games. Curiously 
enough, the earliest cards known to exist 
connect themselves alike with Amadeus of 
Savoy, and with Visconti. In 1427 Visconti 
married the daughter of Amadeus, and some 
cards exist, one of which bears conventional 
figures of Philip and his wife, with the badges 
of Savoy and Visconti on alternate shields. 
These cards are known as ‘‘ marriage cards,” 


-March 22, 1901.) 


JOURNAL OF THE SOCIETY OF ARIS. 


319 


and several specimens are known to exist, but 
I have only been able to meet with a descrip- 
tion of the Visconti set. I am, with due 
deference to wider experience, unable to accept 
this explanation in this particular case. The 
cards must be in point of time between 1427 
and 1447, but the armour of the Emperor on 
the card before you certainly points to the 
later date and not the earlier. 

We owe their description to Cicognara (1831). 
I cannot gather with certainty from him the 
number of triumphs nor of ordinary cards still 
preserved. There seem to have been four court 
cards—the knave of swords being replaced by 
a serving-woman. The plain cards are com- 
plete with the exception of the three of money. 
The ‘‘triumphs’’ described by Cicognara 
are :—Faith, the Empress, the Emperor, Love, 

-the Triumphal Car, Force, Death, Hope, 
Charity, the Angels, the World. These cards 
thus are seen to form part of the present 
minchiate pack, there being, however, no 
representatives of the zodiac or the four ele- 
ments. It would be important to know the 
condition of these cards, #.e., loose or pasted 
in an album, whether on paper or vellum, and, 
most important of all, whether they bear traces 
of any system of numbers. 

Conjecture on any such subjectis dangerous, 
but I cannot help connecting the decree of 
Amadeus, in 1430, with the game of painted 
images of Visconti, and seeing in this proto- 
typal minchiate pack an attempt to preserve 
the game of cards, while discarding or varying 
the pack then in use. It is, to my mind, 
possible that the Visconti pack may be made 
up from two or more packs, but perhaps our 
Chairman, who is one of the few who have 
seen the cards, may be able to give us in- 
formation on the subject. However this may 
be, such cards must have been very rare for a 
considerable period. 

The next notice we have is ina MS. volume 
of sermons, now on the table before you, 
written in Northern Italy, in the years between 
1450 and 1480, by a Franciscan friar. The 
extracts I have published from this sermon 
(Arch. oc. cit.) prove that in his time the 
game had become more common, had assumed 
a stable form, and was now known as the ¿udus 
triumphorum, the game of triumphs. The 
author gives us, of course, no notion of how the 
game was played, though I think it might be 
reconstructed from the old minchiate rules 
with fair probability, but he leaves no doubt on 
our mind that the whist pack was not included 
with the triumphs in the contemporary pack. 


The alternative names given are of the highest 
importance for the history of their symbols. 
He states distinctly that there are “tria 
genera ludorum fortune, viz.- Taxillorum, 
Chartarum, et Triumphorum,”’ dice, cards, and 
triumphs. 

From this time forward notices of /farof 
begin to appear. I have met with a notice of 
Antonio de Cicognara, who in 1484 painted a 
set of Tarocchi for Ascanio Sforza, grandson 
of Philip Maria Visconti. Platina in 1481 
recommends the use of ‘‘ chartis variis imagi- 
nibus pictis ” probably tarots. The cards pre- 
served in the Bibliothéque Nationale, ‘‘dits 
Charles VI.,’* probably date from this period. 
They are, it seems, French copies of Italian 
cards, and preserve their features intact, 
Aretin speaks in 1534 of his friend Giulio 
Romano as the ‘‘ Michael Angelo of tarots,’’ 
so great a reputation had he won. 

The conclusion then that we arrive at is, 
that the triumphs of the tarot pack are derived 
by the invention of some Italian miniaturist 
from the minchiate pack invented in 1440 or 
thereabouts, and that it was not generally 
known till about some time approaching 1470. 
This view 1s corroborated by a passage of 
Garzoni in the Prazza Universale (1585), 
« Alcuni altri son giuochi da taverna.... 
o tarocchi di nuova inventione secondo il 
Volterrano’’ (1450-1521). The passage of 
Volterranus has never been found, and is 
probably in some unpublished manuscript. 

An argument against this conclusion is the 
famous inscription on the portrait of Castracani 
Fibbia, who died in 1419, and is thereon stated 
to have been the inventor of Tarocchino. The 
portrait, whith measures 3 by 4 metres, is now 
in the Palazzo Pallavicini in Bologna. It is 
perfectly obvious that portrait and inscription 
alike must have been painted long after that 
date, and can have only a traditional authority. 
No other positive evidence is known to exist. 

Turning now to the second part of my 
subject, I have first to bring before you one or 
two designs of the backs of early cards. And 
here I must warn you that the elaborate 
description of the backs of Bibliothéque 
Nationale cards given on the authority of 
Lacroix is purely imaginary. The cards have 
now been pasted in an album for nearly a 
century. <A narrow border of black and white 
checks does zof surround each card, nor is 
there any trace of such a bordering having 
ever existed. On the contrary, the card, as 
may be seen from the photographs shown, is 
drawn ona piece of paper and enclosed ina 
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wrapper whose edges are folded over the front 
and brought under the gesso border. The 
method of stiffening cards by this edge-fold, 
long survived the art of printing cards. I 
would direct your attention to the simple and 
effective designs of these early backs, and to 
the really effective arrangement of the lower 
cards of the suits, even in quite late 17th 
century packs. The photograph of the knave 
of swords shown gives some faint idea of the 
beauty of the 15th century painted cards. A 
consideration of the beautiful German engraved 
five-suit packs would lead us too far afield, 
though the fifth suit may have been a per- 
manent trump suit. 

A more difficult question is that of the 
origin of the pictures on the tarots—a question 
complicated by the existence of the so-called 
‘« Mantegna cards,” of which the first edition 
came into existence about the period at which 
I place the production of tarots. They are, of 
course, not cards, nor hy Mantegna. Theco- 
incidences of subject between the ‘‘ Mantegna 
cards’’ and the minchiate pack cannot be 
denied, nor, I think, can their difference of 
treatment. In this, no classification, no logical 
spirit can be traced—in that, all is order and 
plan. The states of society, the muses, the 
arts and sciences, the virtues, the heavens 
follow one another in a regular order far re- 
moved from the chance distribution of the 
minchiate pack, while both rested on the 
popular recognition of symbols and attributes. 
I cannot but believe that the logical arrange- 
ment came after the evolution of the tarot 
pack. We now proceed to a more detailed 
examination of these designs. 

The Fool (T. o, M. o)*.—The B. N. card 
here presented is probably the original. It 
represents a fool with his row of metal clappers 
on a belt, surrounded by boys stoning him. 
In the printed cards a dog is generally repre- 
sented as biting him. The Mrsero of the 
‘‘ Mantegna cards’’ seems to have influenced 
the printed cards. The crude symbolism of 
allowing this card, of no value by itself, to 
become of great value in conjunction with 
others is characteristic of the Renaissance. 

The Juggler (T. 1, M. 1) may be compared 
with the artisan of the ‘‘ Mantegna cards:”’ 
in fact in modern cards the stall in front of the 
standing figure is covered with shoemaker’s 
tools. But the earlier the cards, the greater 
the divergence between them and the en- 


graving. 


* The references are to the numbers of the tarot and 
minchiate pack respectively, 


The Empress (T. 3, M. 4).—A_ seated 
female figure, with a sceptre in the left hand, 
and a shield in the right, bearing a single- 
headed eagle. | 

The Emperor (T. 4, M. 3).—A seated figure 
with a sceptre in the right hand, and in the 
printed cards a single-headed eagle in the 
left. Like the preceding figure, the design is 
probably taken from a drawing of the early 
part of the 15th century. The Emperor Sigis- 
mund was the first to adopt the double-headed 
eagle. 

The Papessa (T. 2).—A seated female 
figure in papal dress, holding an open book. 
It must be borne in mind that Pope Joan 
was not discredited in the 15th century. 

The Pope (T. 5).—A bearded figure in papal 
robes surrounded by cardinals. In the early 
printed cards these are reduced to diagram- 
matic figures of hats. 

Love (T. 6, M. 5).—The “marriage ” cards 
represent a pair of lovers, with amoretti 
above. The B.N. card has three pairs. 
Printed cards seem to represent the choice of 
Hercules—a man between two women. The 
earlier cards represents two Cupids, the later 
one. 

The Triumphal Car (T. 7, M. 10).— 
‘¢ Mundus parvus ” ofthe MS. sermon. The de- 
scription of the Visconti card shows it to be of 
an unusual description. A matron, holding in 
one hand a sceptre, is seen on a car in profile. 
The horses are driven by an outrider mounted 
on the near side horse. The subject is often 
compared with the Mars of the ‘“ Mantegna 
cards,’’ without much reason I believe. In 
the minchiate pack the figure is that of a 
nude female shouting, ‘‘ Viva, Viva!” a 
reminiscence of the Visconti card. The tarot 
cards, from the B.N. painted card to the latest 
of to-day, represent an armed figure standing 
on a car under a canopy, drawn by horses, 
with no outrider. The design of the minchiate 
card is much better than that of the tarot pack. 

SFustice (T. 8, M. 8) is, of course, the 
traditional figure with the sword and scales. 
The figure in the B.N. series is evidently 
copied from some very fine Italian source. 

The Hunchback (T. 9, M. 11), becomes 
quite naturally a hermit, and the crutches 
follow. The superstitious cruelty (touching a 
hump for luck, &c.), of the Middle Age is 
sufficient to account for placing this emblem on 
a card used for pleasure. Inthe tarot cards 
he carried a lantern, in the minchiate set, an 
hour-glass with an arrow is shown. 

The Wheel of Fortune (T. 10, M. 9), is 
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another favourite medieval emblem with 
its mottoes, ‘‘ rego, regnavi, sum sine regno.” 
Sometimes the uppermost figure is a crowned 
ass, with a fox and an ape on either side. 

force (T. 11, M. 7).—In the Visconti card, 
Force is rending apart the jaws of a lion, while 
in the Bibliothéque Nationale card she is 
breaking a pillar. The latter emblem ıs also 
met with on the tomb of Louis XII. The 
“ Mantegna cards,’’ like many later ones, 
combine both attributes. 

Lhe Hanged (T. 12, M. 12).—This card is 
often called the Traitor, and in some packs is 
represented by a man striking another who lies 
sleeping. If one may guess at the symbolism 
of this very striking card, which represents a 
man hung by one foot from a cross-beam, 
while he grasps in either hand a bag of money, 
it represents a Judas with his reward, who, 
chained by the foot, has made a false step 
and falls from his insecure foothold on life. 

Death (T. 13, M. 13), is again no unusual 
subject. The tarot represents him on foot; 
the minchiate, B.N., and Visconti cards repre- 
sent him as mounted, and using his scythe. 

Temperance (T 14, M. 6).—The symbolism 
of this figure is interesting, Ina 13th century 
carving at Brunswick, Temperance was typified 
as in this engraving, pouring water into wine. 
The figure on the Baptistry doors in Florence 
represents her as holding a sword wrapped in 
its sheath by the peace strings. An early 15th 
century MS. treating of the four cardinal vir- 
tues (Add. 15,685) represents her as pouring 
water into wine while the sheathed sword lies 
at her feet, and thus provides for the transition 
from one attribute to the other. Modern cards 
represent her as winged. 

The Devil (T. 15, M. 14) is shown on the 
tarot cards with two attendant imps, but is 
alone in the minchiate cards. 

The Arrow (T. 16, M. 15), otherwise the 
Tower, Maison Dieu, Casa di Diavolo, Ignis 
(Senftleb). These are all names for different 
aspects of the same subject—lightning striking 
a great tower from which figures are escaping 
or falling. 

Hope (M. 16).—In the Visconti card Hope 
is already crowned, and is looking up to the 
light. She has an anchor hung to her arm, 
and at her feet lies Judas the Traitor with a 
rope on his neck. Inthe minchiate card she 
is uncrowned, but looking to a crown in the 
air on her left. The treatment is similar to 
that of the Baptistry gates, and perhaps this 
and the following were inspired by Pisano’s 
treatment. 
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Prudence (M. 17), carries a serpent and a 
glass. 

Faith (M. 18).—The Visconti card represents 
a seated matron holding in her right hand a 
chalice with a host above it. A king is at her 
feet. The ‘‘ Mantegna cards” represent her 
as standing. The minchiate cards have 
eliminated the characteristic symbols. 

Charity (M. 19).—The Visconti card repre- 
sents a crowned and seated woman holding in 
the right hand a vase of flame, and in the left a 
sucking child. At her feet fies an old king. 
The modern card is an evident derivative of 
this, the infant having been sappressed without 
changing the position of the left arm and hand. 

Passing over the 12 signs of the zodiac and 
the 4 elements, we come to 

The Star (T. 17, M. ).—In the tarot pack 
a nude female figure is pouring water from 
two ewers, while a constellation fills the 
heaven. The minchiate card is evidently the 
Star of Bethlehem, wit e of the kings of 
the East riding below it—a very% design. 

The Moon (T. 18, M. ).—The tarot card 
represents two dogs barking at the moon, 
while in the water below a cray fish is seen. 
The modern minchiate card represents an 
astrologer taking an observation with his 
compass and horary circle. It is evidently 
derived from the Bibliothéque Nationale card 
with two observers. 

The Sun (T. 19, M.).—In this card the sun 
is shining on two figures—clothed in the earlier 
cards. 

The Angel (T. 20, M. ).—Two angels sum- 
moning the dead to judgment. They are 
found in the Visconti card, with the legend, 
“ Surgite ad judicium.” In printed tarots only 
one angelisseen. Minchiate cards have altered 
the judgment into “fama volans,” and given 
the angel two trumpets. 

The World (T. 21, M. ).—A nude female 
figure in an oval frame. At the four corners 
of the card are the emblems of the evangelists, 
sometimes hardly recognisable. I derive this 
card from the same source as the Jupiter of 
the ‘‘Mantegna cards,” z.e., the medizval 
illuminations of Christ in glory, and the de- 
rivation is made probable by the ancient 
Italian name for the card, ‘‘ Dio padre.” It 
is interesting to trace the modifications of the 
design from the Visconti card, of a matron, 
half length, holding a trumpet and a crown, 
through the clothed figure of the Bibliothéque 
Nationale card standing on a round world, the 
standing unclothed female of the Tarot and 
the Cupid on a round frame enclosing a land 


522 


JOURNAL OF THE SOCIETY OF ARTS. 


[Afarch 22, 190%. 


scape of the minchiate pack. Note too the 
connection between the unclothed figure of 
the ‘‘mundus parvus,” or the triumphal car 
and that of the ‘‘ mundus.”’ 

On reviewing this long series of popular 
pictures we see that their subjects are, with 
one exception, that of zke hanged man, drawn 
from subjects which were common-places 
familiar to the eye of every Italian. They seem 
to have guarded with wonderful fidelity not 
only their subjects, but the attributes of these 
subjects. It is much to be desired that a 
collection of these cards, representative of 
their life-history, should be got together and 
studied, when some really interesting lessons, 
as tu the elements of permanence in design, 
should be gathered. 

It had been my intention originally to bring 
together a body of MS. illuminations to 
illustrate the sources of these figures, but I was 
surprised on attempting to verify my remem- 
brance of these to find that the illuminations 
were generally later than the cards. Let me, as 
an example of this totally unnoticed influence 
of cards on illumination, show you some slides 


of a book of Hours of the Use of Paris, and 


beside them their source in the ‘“ Mantegna 
cards.’ The MS. Add. 11,866, is now in the 
British Museum. 


DISCUSSION. 


The CHAIRMAN thought Mr. Steele would agree 
that in spite of his researches the subject remained 
considerably obscure. He had himself once been much 
occupied in endeavouring to-establish the relations 
which existed between the set of early engravings 
which went, quite erroneously, by the name of the 
Mantegna Tarocchi and the real early Italian games 
of playing cards; but without coming to any definite 
conclusion. The series of engraved specimens shown 
by Mr. Steele under their traditional name of Mantegna 
Tarocchi was evidently not a series designed for playing 
a game, but intended to serve as a kind of illustrated 
lesson-book. It was composed of five sets of ten, 
showing the Conditions of man from beggar to 
Emperor and Pope, the Planets and Spheres, the 
Virtues, Liberal Arts, and the Muses. They were 
confronted with the fact that some of these 
engraved subjects, which dated presumably from 
about 1465-70, were curiously identical with subjects 
which appeared in the picture-suit or Triumphs 
of the tarot and minchiate games. It was quite 
clear that these so-called Tarocchi of Mantegna were 
designed by artists of the school of Ferrara about the 
years 1465-70, and were probably made for some 
educational purpose. He hoped Mr. Steele would be 
able to thoroughly examine two fine packs of real 5th 


century playing cards, existing in North Italy, which 
he had had the opportunity of seeing himself, namely, 
that set of which two outline copies had been shown, 
which went by the name of the Visconti pack, and 
another suit in the possession of two gentlemen at 
Bergamo. They were both exceedingly beautiful 
specimens of decorative painting on a smaller scale. 
The Visconti set remained in the possession of a 
descendant of the house, the present Duke Visconti 
Madema. He had been able to make only a very 
slight examination of the Visconti set, which was 
regarded as an immense treasure; the cards com- 
posing it were painted in the very finest manner of 
the early 15th century, stencilled in most elaborate 
patterns on gold grounds, and all the emblems and 
and figures were worked out with extraordinary 
finish and great care. The cards were a good deal 
worn, seeming to bear the marks of having been 
practically used for play. He was inclined to 
differ from Mr. Steele, and to hold the view that 
such cards were actually a wedding present; that the 
representation exhibited of the descendant of the 
Visconti house joining hands with the Savoy lady, 
was not merely the ordinary emblem of the figure of 
Love in the tarocco picture-suit, but also the actual 
portraiture of the bride and bridegroom, to whom, on 
the occasion of their marriage, the pack was given 
as a present. The other set of cards in the possession 
of private owners at Bergamo had also, if he 
remembered rightly, a marriage couple, with an 
indication of the names of the persons. The natural 
conclusion seemed to be that it was the fashion in 
North Italy at that time, in the case of princely mar- 
riages, that among the presents to the bride and 
bridegroom there should be a set of highly elaborate, 
richly painted playing cards of the type described. 
He hoped Mr. Steele would have an opportunity of 
thoroughly examining the two suits, and would give a 
full report upon them. It was curious and interesting 
to trace the long descent of some of the symbols of 
the ordinary figures, for example, of Justice and 
Force, on old playing cards. In one of the 
figures of Justice shown the ordinary emblems of the 
sword and scales appeared, but, in addition, there 
was the rarer emblem of a long-legged aquatic bird 
standing on one ley, holding the other claw up in 
which was contained a thing like a ball. The explana- 
tion of that symbol was to be found in the ideas on 
natural history which the Middle Ages had derived 
from Pliny and Aristotle. The crane had the habit 
of making migrations from the far parts of Syria, and 
these authorities declared that when the migrating 
cranes rested at night they always took particular 
care to have a regular camp with sentries! The 
sentinel crane had to stand with a pebble in one 
claw all night, in order that when the officer who 
was responsible for the crane camp went round in 
the morning, he might ascertain, from the fact 
whether the sentinel crane had dropped the pebble 
out of its claw, if it had gone to sleep ornot. It 
therefore came to pass that a crane standing with a 
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pebble in one claw was a symbol of sleeplessness and 
vigilance, and, as shown in the corner of a card 
exhibited, representing Justice, it was an emblem of 
the vigilance of Justice. In conclusion, he proposed 
a cordial vote of thanks to Mr. Steele for his paper. 


Mr. WALTER CRANE thought the finish and 
beauty of the painted specimens from Paris formed 
a striking contrast to the present condition of picture 
cards containing the double-headed emblems of kings 
and queens. In the Renaissance design of a card 
he had noticed the principle of reversing the 
figures so that they might be seen both ways up, 
which was still considered of value to the designers 
of cards, was adopted. That was especially 
noticeable in the card showing two wrestling figures. 
It had also struck him that the symbolism of the 
Virtues, and the emblems accompanying the other 
figures were quite common at the period, and used in 
art from the earliest times. The Chairman’s de- 
scription of the symbolism bearing on the habit of 
cranes was not without interest to himself, and 
was an interesting addition to the usual emblems of 
Justice. He agreed with the Chairman that the 
Mantegna set was a series of emblems. Printed 
cards were the forerunners of printed illustrated 
books, and probably suggested the idea of incor- 
porating a complete series of emblems, vices, virtues, 
and grades of society, into printed books. 


Mr. AYMER VALLANCE said he would like to 
show Mr. Steele a photograph he once bought at the 
South Kensington Museum of a piece of early 
15th century tapestry, closely analogous in design to 
one of the Visconti cards shown. It represents a 
male and female figure, standing in front of a tent, 
which he believed to be an emblem of marriage, 
because, in the Sarum and other rites, a canopy 
or pavilion was held over the bride and bride- 
groom during the marriage service. The lady in the 
tapestry, who is in the act of watering the flowers at 
her feet, from a watering pot, is said to be Valentina, 
daughter of Galeazzo Visconti of Milan ; her husband 
being the Duke of Orleans, who was assassinated in 
1405. The original, the property of Count Valencia 
de Don Juan, was included, if he recollected rightly, 
in the collection of tapestries in the Spanish Pavilion, 
at the Paris Exhibition of 1900. 


Mr. STEELE, in reply, briefly thanked the meeting 
for the vote of thanks accorded to him. 


THIRTEENTH ORDINARY MEETING. 
Wednesday, March 2oth, 1901; SIR SAMUEL 
MONTAGU, Bart., in the chair. 
The following candidates were proposed for 
election as members of the Society :— 


Amadori, Alessandro, 290, Casella Postale, Rome, 
Italy. 


Barber, C.A., M.A., Government Botanist, Madras 
Presidency, Ootacamund, South India. 

Bell, Charles William, D.L., J.P., High Green 
Manor, Bellingham, R.S.O., Northumberland. 

Cutlack, William, The Grange, Littleport, Isle of Ely. 

Emsley, John William, 7, Napier-street, Bradford, 
Yorks. 

Garton, Edward, 39, Josephine-avenue, Brixton, S.W. 

Griffin, Henry Daly, Aligarh, N.W.P., India. 

Hartford, Samuel, 25, Howe-street, Higher Broughton, 
Manchester. 

Lyle, Abram, Dunvar, Bishopswood-road, Highgate, 
N. 

Peters, John Wyatt, 1, Down-street, W. 


Rickman, William Bennett, 12, Airlie-gardens, 
Campden-hill, W. 
Sealy, George Augustus, Buckden, Barbados, 


British West Indies. 
Stephens, J. H., Bangalore, India. 
Tolley, Frederick, 26, Budge-row, Cannon-street, E.C. 
Wallace, William, M.A., 132, Woodsley-road, and 
Southern Higher Grade School, Leeds. 
Westminster, Duke of, Eaton Hall, Chester. 


The following candidates were balloted for 
and duly elected members of the Society :— 


Adam, Matthew Atkinson, 145, Fordwych-road, 
West Hampstead, N.W. 

Chettyar, P. L. S. Shanmugam, Muraiyur, Madura 
District, Madras, India. 

Gordon, Mrs. Ella Mary, F.R.S.L., 26, Rubislaw- 
terrace, Aberdeen. 

Holland, George, 17, Holborn-viaduct, E.C. 

Pillay, Rao Bahadur P. J. Chinnasawmy, Palghat, 
Madras, India. 


Richardson, Thomas William, care of Messrs. 
Grindlay and Co., Calcutta, India. 

Siang, Lim Thong, Stulong, Johore, Straits 
Settlement. 
The paper read was— 


EVOLUTION OF FORM IN ENGLISH 
SILVER PLATE. 


By Percy R. MACQUOID. 


The subject of silver plate is such a very vast 
one that I propose to-night only to deal with 
the matter in connection with its growth and 
development of form, excluding all that is 
strictly ecclesiastical, and limiting myself to 
the domestic plate of this country produced 
during Tudor times and onwards. 

The possession of gold and silver plate has 
always been a mark of wealth and distinction. 
Highly important gifts from one Sovereign to 
another invariably comprised plate in some 
form, hence the spirit of emulation was aroused 
for the production of the most beautiful and 
ingenious variety of workmanship, and to 
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fulfil these demands we find records in early 
times of a very high class of intellect devoting 
its artistic endeavours to this craft. To design 
plate, and, indeed, to design anything, it is 
necessary to be able to draw, and you will find 
that in the 15th and 16th centuries that many 
of the greatest painters abroad were designers 
of goldsmiths’ work. Unfortunately, there 
were but few in this country, and this without 
doubt accounts for the fact that so much of our 
early English plate owes its origin in form to 
- foreign sources. For we had to go to France, 
Italy, or Germany for designs in the Tudor- 
Gothic and Renaissance times, and very fre- 
quently also for the finer workmanship. What 
was made here was invariably reproductions of 
pieces made abroad. But later on, as painting 
and architecture became individual to this 
country, we clearly see the developing of fresh 
spontaneous impressions, and eventually the 
separation from foreign ideas which is strongly 
marked by both simplicity and solidity. 

I should like here to draw attention to 
an expression frequently used in connec- 
tion with Gothic and Tudor-Gothic articles 
that they are so very ‘‘churchy.”’ I think that 
is the word. Asa matter of fact, every single 
thing made in those days was churchy, the 
houses, chairs, tables, and furniture, even to 
the kitchen utensils, for with the exception of 
the chalice, there was no particular form of 
design set apart as there is now for eccle- 
siastical properties, and the only reason we 
connect Gothic design and art as apper- 
taining to the Church is due to the fact of 
these examples having been preserved in the 
sacred buildings, and always seen there, 
whereas the constant desire for change soon 
made such things when used for domestic 
purposes obsolete, or thrown aside as clumsy. 
This was particularly the case with plate, for 
the precious metals then being so valuable 
were constantly melted down for the purpose 
of financing some war, or personal raid, for 
which ready money was required, in addition to 
the frequent and regrettable wish to create new 
and fashionable shapes to please the ever- 
varying taste of the rich men of those times, 
and so the examples of Gothic domestic plate 
in existence now are, alas, few and far between. 

It is on the subject of the evolution of form in 
some of this existing plate that I propose to 
speak to-night. There have been three 
principal kinds of drinking vessels, exclusive of 
horns. The bowl, developing into the cup, the 
tanker or tankard, and the beaker. The 
earliest form of cup was a bowl of metal or 


wood, generally the latter, and called a mazer. 
In the 15th century these wooden mazers were 
surrounded originally, no doubt to preserve 
their edges, by a band of silver gilt an inch or 
so deep, frequently ornamented with a motto, 
and for strength on the inside, a small silver 
gilt disc, called a print, engraved and some- 
times enamelled with a sacred emblem. 

This wooden mazer is one belonging to 
Oriel College, Oxford; it is of the second half 
of the 15th century. Now this is the earliest 
form of drinking cup, the shape you observe is 
Oriental, and was probably brought over by 
the Crusaders. This must have been an 
extremely awkward vessel to handle, and it 
soon struck some one to improve matters by 
mounting the bowl on a stem and foot, and 
you see in this next photograph a similar 
mazer mounted in this manner. It is a very 
well-known specimen in the possession of 
Caius College, Cambridge, called the cup or 
standing mazer of the Three Kings. I take 
as my next example the so-called ‘‘ Anathema 
Cup,” belonging to Pembroke College, Cam- 
bridge, which bears the very early Hall-mark 
of 1481-2. You will notice that the bowl and 
stem now begin to blend together in a com- 
pleted design, also that the bowl is bell-shaped 
and departing from the mazer form. This cup 
owes its name to the circumstance of the donor, 
a Bishop of Winchester having had engraved 
on its base—Qui alienaverit, Anathema sit 
(‘‘ Whoever steals this let him be accursed ’’) ; 
most effective words, as after 420 years the cup 
still remains in its original place. You see in 
this very beautiful example of 20 years later 
that the cup has become straight-sided, with a 
flattened base, but the feeling is still apparent 
of a bowl mounted on a truncated stem. The 
Gothic crenulation so frequently seen in early 
plate and shown on the stem of the Cup of the 
Three Kings has now disappeared, never to be 
revived as a fashion. 1 want you to observe 
the extreme simplicity of the stem in the cups 
up to this period, but in another few years 
elaboration of design in the base commences. 
This was first introduced from Italy Lor- 
enzo the Magnificent was an ardent collector of 
everything beautiful, some of his most treasured 
possessions being antique Roman bowls cut 
out of solid agate, lapis lazuli, or crystal, 
Some artists of the Renaissance conceived the 
notion of mounting these on stems with handles 
of gold or silver. The solid mass of the plain 
stone had to be relieved by a fanciful design in 
the metal, sometimes enamelled, and even 
this, to render it more perfect in balance, was 
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often further ornamented with pearls, rubies, 
and other precious stones. The English gold- 
smith was quick to appreciate the new idea, 
and having no Roman bowls, we find him at 
the commencement of the 16th century mount- 
ing ostriches’ eggs, cocoanuts, nautilus shells, 
ivory, or anything else that came handy. 

The first of these is a plain cocoanut cup 
belonging to Oriel College, Oxford. It is of 
the end of the 15th century. One realises 
what the value of a cocoanut must have been 
at that time when we see it mounted with this 
carefully designed ornament, and it took 
several hundred years for it to descend to the 
base use of “ three shies a penny.” 

Here, we see the cocoanut elaborately carved 
with scriptural subjects, and the mountings and 
cover richly worked in the style of the Renaiss- 
ance. It is dated 1576. In this an ostrich’s 
egg is mounted to form the bowl, the lid being 
composed of the upper part of the egg sur- 
mounted by a little figure. This cup is of the 
date 1623, and is now in the possession of Sir 
Samuel Montagu. To adapt these same stems 
and forms to a metal bowl was a very natural 
step, as was reducing the cup to a flat tazza 
shape, still keeping the baluster stem. These 
were very much the same as the small raised 
dishes used for sweetmeats at this period, 
and a most graceful formed cup. The first is 
of the date 1570. The second about 30 years 
later, and the third, 1625. This last is smaller 
in size, and slenderer in proportion; and one 
clearly sees in it the strong influence of the 
Venetian wine glass that was slowly coming 
into use, for, by the end of the 17th century, 
the wine-cup as a work of art had virtually 
ceased to exist, glasses and beakers having 
entirely superseded them. 

Tankards came into existence towards the 
middle of the 16th century. In all probability 
they were an outgrowth from the ewer and 
stoneware jug. 

These plain stoneware jugs were made in 
Germany, and, like many other things that have 
come from that country since, were both cheap 
and ordinary. They were imported over here in 
large quantities, and a fashion arose for mount- 
ing them with silver covers and side straps 
of highly finished workmanship. That the 
jugs themselves were considered worthless 
is evident from a remark in a letter from the 
Venetian Ambassador resident at our Court at 
the time. He says:—‘‘ The English have a 
curious habit of mounting common pottery 
with silver in the most elaborate manner, and 
these they are very proud of.’’ Here is one 


of those stone-ware mottled jugs, mounted 
with English silver work, and an early tan- 
kard, that you may see the close resemblance. 
The fashion for these stoneware jugs, in 
spite of the Ambassador’s remarks, went on 
for upwards of 50 years, and they were thought 
as much of in those days as they are to-day. 
The convenience of a hinged cover attached to 
this form of drinking vessel must have struck 
the craftsman as a distinct scientific advance, 
and for the hot spiced drinks so much in vogue 
at that time the hinged cover was far 
more practical than a loose one. The 
next form of tankard is taller—it is slim 
and graceful in shape, and is engraved and 
repousséd with fine strap work, intersected with 
mouldings, and frequently had masks or other 
ornaments added in chased work. The first 
two are of the time of Elizabeth—their date 
1572, the next James I. (1610). In about 1640 
all ornament is suddenly dropped, and the 
tankard becomes plain, with a so-called petti- 
coat shooting out at the bottom, which was 
introduced so that the person drinking could get 
a steadier hold by grasping the heavy tankard 
there too with his left hand. The handle 
generally ends in a whistle for obvious reasons. 

The sudden cessation of ornament in plate 
about 1640 was prompted by the simplicity of 
life affected by the Protector. After the Re- 
storation the width of the tankard is greater, as 
you see here ; it is reduced in height and the 
petticoat ceases to be, but it remains plain, 
except for some Chinese engraving, slight 
card-cutting ornament, or introduction of an 
acanthus border at the base, as in this very 
fine example of the William and Mary period. 
There are many tankards decorated in a 
similar fashion to this belonging to the City 
companies. In the 18th century the lid of the 
tankard became dome-shaped and uninterest- 
ing, and they have remained so to the present 
day. Beakers are best described as tumbler- 
shaped vessels. Originally in Gothic and early 
Tudor times they were mounted on either a 
plain base or on feet, in the form of dogs, 
lions, or human heads, and had covers of 
pyramidical shape. A very beautiful example 
is this first beaker belonging to Christ’s 
College, Cambridge, and given by Margaret 
Beaufort, mother of Henry VII. It is dated 
1507, and is covered with most typical de- 
coration of that period. The beaker is found 
throughout the 16th century, with the sides 
generally ornamented with strap-work in low 
relief, but after this time probably this form of 
drinking vessel was not used by the very rich, 
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as its decoration and workmanship cease to be 
so well considered or elaborated as in the con- 
temporary wine cup. The introduction of glass 
naturally at once affected the popularity of 
the beaker, but nevertheless, in Charles II.’s 
reign, a smaller kind sprang into existence. 
These had slightly outcurved edges and 
were plain, except for bands of incised orna- 
ment or repoussé. They were used till the end 
of William and Mary’s reign. They were 
evidently a cheap form of gift, corresponding, 
I presume, to the two-guinea wedding present of 
to-day, as they are generally found with initial 
prick mark letters of the donor together with the 
date. Small English beakers of this class are 
very rare now, for being too small for decora- 
tion they were melted down when superseded 
by glass. Some have survived by being given 
or left to the Church as Communion cups, and 
those have, in some instances, been parted 
with again as not suitable for the purpose. 
They are certainly remarkably ‘ unchurchy’”’ 
in appearance. This particular example owes 
its preservation to having been kept like this 
in a church. It had the words ‘‘ Communion 
Plate’’ engraved on the bottom of it at one 
time, but these have now been removed. 

The large standing cups or hanaps, as theyare 
sometimes called, were intended for decorative 
purposes, and were drunk out of at grand 
ceremonial banquets as they are in the present 
day. These embodied in their form and 
decoration all that I have already described 
as pertaining to the wine cup, and being on a 
so much larger scale, the changes of form and 
decoration are easily traceable. The earliest 
Hall-marked hanap is of quite the end of the 
15th century. They were made throughout 
the 16th century, as more or less English re- 
productions of a mixed German and Italian 
style inspired by the school of Cellini, generally 
with a human figure on the lid or cover. 

I show you here the so-called Leigh cup in 
the possession of the Mercers’ Company. It is 
dated with the London Hall-mark of 1499. Itis 
a very characteristic Tudor-Gothic specimen, 
and the elaboration of detail in the workman- 
ship is most remarkable ; the coat of arms and 
lettered bands are of enamel. In a photograph 
it is, unfortunately, not possible to convey any 
idea of size, but it stands about 16 inches high ; 
while this next cup, belonging to Corpus 
Christi, Cambridge, is 21 inches high. This 
is dated 1570, and is in the richest style of the 
English Renaissance, though the strong foreign 
influence is very evident. At the commence- 
ment of the following century the end of the 
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stem where it joins the bowl is often opened 
out into three little ornamental brackets to 
give variety, and a perforated spire again 
supported by three little brackets is added to 
the cover; these latter are generally spoken of 
as steeple cups, and bear the last example of 
Renaissance influence. You can see here 
that the proportions of this steeple cup are 
comparatively poor to those I have previously 
shown you, and suggest that the silversmith, 
rapidly coming to an end of his resources, 
took refuge in piling on ornamental detail. 
Apparently the public of that time were also of 
that opinion, for towards the end of Charles I.’s 
reign, the fashion for standing cups was in the 
semblance of a large plain tea-cup on a 
baluster stem, with a flattened lid and knob, 
and devoid of decoration except for slight en- 
graving or granulated surface. Probably at 
this time the dearth of anything new was 
caused by the small demand for important 
pieces of plate, all spare money being required 
just then either for the King’s army or for the 
Parliamentarians, and during the Common- 
wealth every form of art languished, as it 
invariably has during the virtuous reformation 
of a court. 

With the reign of Charles II. all design 
in the form of standing-cup virtually died 
out; when it re-appeared it was an evolution 
of the porringer, to which I will now call your 
attention. Porringer and caudle-cups are 
practically the same class of vessel. They 
were introduced midway through the 17th cen- 
tury for the possets and hot drinks that were 
so much indulged in then. The earliest are 
rather gourd shaped, narrowing at the neck; 
many also are accompanied by a cover and a 
dish, on which they were served, and they in- 
variably have handles. The bowls and covers 
are, of course, ornamented with the form of 
decoration prevalent at the moment, and those 
of Charles II.’s reign are generally found 
bossed out with large fat flowers and fruit, 
later again with classical design in the 
form of acanthus or spiral gadrooning. This 
latter pattern goes on into the following 
century, and is too well known to need 
further description. In truth, the first im- 
portant purchase of a would-be collector is 
generally one of these, and in consequenoe 
they are a much forged article of plate. The 
handles were originally ornamented with a 
recumbent female torso after the manner of 
Cellini—only a very long way after. In fact, 
the bulbous form of the porringer does not lend 
itself to beautiful decoration, and it is evident 
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that the artist having ceased to design, the 
silversmith had taken the fashioning entirely 
into his own hand, and was turning them out 
by scores like so many jelly moulds. 

I show you now a very fine specimen of a 
Charles II. porringer, belonging to Mr. Edward 
Dent, with cover, an acanthus, dated 1682, and 
a fluted of twenty years later. With the excep- 
tion of Chinese engraving all porringers seem to 
be decorated in a variation of one of these three 
grades of style. The evolution of form in the 
handles of these is most interesting to note. 
You see in the first example that there is still 
some attempt at grace of modelling in the 
figures, but in the constant repetition by the 
craftsman, without any fresh design, these two 
little ladies’ heads develop into lumps, then into 
beads, and finally into little protuberances, to 
use the thumb on. Another curious detail like 
this, is the whistle at the end of a tankard 
handle. Originally, in Jacobean times, con- 
structed as a real whistle, with a view to the 
encouragement of what we would call to-day 
‘“ ordering fresh drinks all round,” it deteriorated 
through reproduction, like the third eye of the 
antediluvian Saurian, till it became a useless 
cavity, nevertheless the outward form continued 
year after year, and is to be seen on almost every 
tankard handle. By the commencement of 
the 18th century the handles have become 
plain, and the porringer being no longer in 
requisition, the next evolution of design was to 
mount it on to a base, hence the beginning 
of the two-handled cup, and the shape that 
has ever since been consecrated to the racing 
prize. The base gradually becoming taller, 
and the bowl narrower, it developed in the 
reign of George III. into this well-known 
classical urn shape bearing the Adams strong 
stamp. 

By the few isolated examples that I have been 
able to show yon on the screen, I hope you 
have realised how very vividly plate bears the 
imprint of form and decoration of the moment 
in which it was made. I should say that 
the decoration of plate reached its zenith in 
the middle of the 16th century. There was 
a realism of thought at that time, and a straight- 
forward convincing power of strength conveyed 
by the masterly touch of artist and craftsman 
Working in unity that was never surpassed. 
The form and decoration too, had then reached 
to such an art that, though concentrated down 
into a piece but a few inches high, it is so full 
of detail, so marvellous in proportion, that the 
same design could be applied to an object 
twenty times its size and nothing be lost. When 


the influence of Cellini and the goldsmith artists 
of that time began to wear itself out, plate com- 
menced its decadence, for the simple reasonthat 
the intellectual power is lacking. The steeple 
cups of James I., one of which I showed you just 
now, so many of which were designed by George 
Heriot, the king’s goldsmith, prove that the 
best goldsmith of that time was not compar- 
able with those that had gone before, and in 
the Stuart times the feeling as a whole becomes 
more evident still. The elements of quantity 
not quality supplant all individual interest, 
and finally in the reign of Charles II. the 
craftsman, endeavouring to be original and 
as merry as his monarch, succeeds only in 
being equally tawdry and meretricious. 

A very favourite form of decoration at the time 
of the Restoration and which kept in favour for 
many years consisted of large shapeless bossed- 
out flowers and fruit, amongst which, in an 
ecstasy of newly discovered loyalty, a fat lion and 
unicorn usually gambol. One turns with relief 
to the severer taste introduced by William III. 
This, as well as the plate of Anne and George I., 
is dependent on its proportions and mouldings. 
What greatly set off the proportions in the 
plate of this period was the extreme beauty of 
surface, this is caused first by the actual 
quality of the metal which was of a very high 
standard then, and also the numberless hammer 
workings produced an irregularity which dis- 
tributed the effect of light softly over the 
curves. In the plate of George II. and III. 
the hammer marks are visible in the interior 
but generally a polish was put on the outside 
by the workmen before parting with the piece, 
and in consequence plate of that period much 
resembles the smooth manufactured efforts of 
to-day on which the high brilliancy of the 
silver is concentrated into a diamondlike 
spot by the combined efforts of butler and 
footman. In the older plate the charm of 
surface is no doubt added to by the infinite 
amount of little points and imperceptible 
scratches, consequent on wear, that reflect the 
light and give that curious whiteness to the 
metal. Itis a minor detail, but it is also a 
minor attraction, possessed by antique plate, 
that the modern manufacture cannot give. 

Manycollectors prefer to keep theirspecimens 
with the surface oxidised and uncleaned, but 
I doubt whether they do not lose much of the 
beauty of undulation of surface by so doing, 
especially in the instance of slightly decorated 
articles. The effect of cleaning a piece of 
silver, perhaps a dozen times in the year, 
can have no appreciable effect on the 
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deterioration of the metal’s surface, and the 
gain, considering it from every point, as a 
work of art is very considerable. Metal is 
intended to look like the metal it is chosen to 
represent, and in all ages its exterior form has 
been considered with a view to brilliance. To 
obviate much cleaning in the highly decorated 
pieces, these were generally gilt, but in earlier 
times you will find the plainer portions left in 
the silver, and the gilding itself a beautiful 
pale colour. A much more serious practice is 
to have the piece cleaned and polished by a 
modern jeweller’s workman, and then have 
it gilt all over. This practice irritates the 
real lover and connoisseur of plate to no small 
degree, for the modern touch of the present 
day orange-coloured gilding obtrudes through 
everything, and destroys half the illusion and 
charm of an otherwise beautiful specimen. 

There is a praiseworthy attempt in these days 
to revive the hammered surface, but at present 
the effort to obtain the result is too apparent. 
The art of using a tool sufficiently large to 
give the infinite variety is no longer understood, 
and the results, therefore, are purely methodical 
and mechanical. 

I have, this evening, only been able to touch 
most lightly on my subject, and mentioned but 
a very few of the leading forms in plate ; but, 
out of some hundreds of existing examples, 
I have endeavoured to select only the clearest 
types of their period, without regard to any 
individual merit, so as to put before you some 
idea of the gradual growth of form and decora- 
tion. Isolated specimens, and even a reverting 
back to a previous fashion, in no way affect 
the onward movement. Naturally, in early 
times, the country was a long way behind 
the greater towns in taking up new ideas, 
and so patterns continued to be made there, 
and there were conservative people in those 
times who preferred having the articles they 
were accustomed to reproduced, to patronising 
the new fashion of the moment. The same 
thing occurs to-day. In some of the royal 
palaces, the patterns of certain carpets of 
60 years ago have gone on being repro- 
duced when the old were worn out, though 
the general demand for the same has ceased 
to exist for over 50 years, and this will, no 
doubt, as much perplex the collector and con- 
noisseur of British textiles 400 years hence, as 
isolated specimens of silver of conflicting form 
and decoration cropping up in periods where 
they are not expected, disconcert the plate 
expert of to-day. It is a depressing thought 
that this onward movement was also a down- 


ward one, for we have with us now wireless 
telegraphy, quick firing guns, twopenny tubes, 
but the art of making beautiful silver-plate 
with many of its sister arts has departed from 
among us, and we may well cherish as we do 
in museums, colleges, City companies, and 
private collections, the few specimens of 
English Gothic and Renaissance plate that 
have survived. For it is the plate of this 
period that has never been surpassed in either 
dignity, design, or decoration, for Jacobean, 
Stuart, or Georgian plate (though some of it is 
very graceful and beautiful, as, for instance, 
the work of the Vyners and Paul Lamerie) is 
but a shadow of what has gone before. I hope 
I have not wearied you too much to-night by 
the constant repetition of words and dates that 
has seemed inevitable, and in conclusion I 
wish just to show you, as I have had an oppor- 
tunity of photographing it, an English rose- 
water dish of the reign of Mary Tudor, which 
is quite perfect in design and workmanship. 
This dish was lately discovered at the back of 
a cupboard, where it had been stowed away as 
worthless. Also a group of fine Renaissance 
in order that the 19th century spoon may be 
quite obliterated from your minds. ) 


DISCUSSION. 

The CHAIRMAN said that spoons were much older 
than forks; silver and gold spoons being at least 
5,000 years old, and forks only 400 or §00 years. He 
believed mention was made in Exodus of spoons 
made of gold for use in the Sanctuary. He had seen 
spoons 2,000 years old, but he had never seen a fork 
of earlier date than the 16th century. Spoons were 
co-existent, or nearly so, with fingers, but forks only 
arose when people became fastidious, and would 
not use their fingers when eating food. He agreed 
with Mr. Macquoid that the best period of English 
silver was the Tudor period. Under James I. it began 
to decay both in form and workmanship. In the 
reign of Charles I. more silver wes melted 
down than manufactured. The few specimens 
remaining of that period were very beautiful, but not 
equal to those of the Tudor style. Under the Common- 
wealth the design was rugged and severe, like Crom- 
well; and in Charles II.’s reign it was rough and care- 
less. There was no special style under James II., he 
reigning for so short a time, but then began the 
imitation of the Dutch. Under William III. and 
Queen Anne, the style was very simple and beautiful 
in form, and some very good specimens of silver-plate 
were produced in the reigns of George I., George II., 
and in the first half of that of George III. A very rapid 
descent took place during the latter half of GeorgeLII.’s 
reign, during the reigns of George IV., William IV., 
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and during the first half of that of the late lamented 
Queen’s, the very bottom of taste and workmanship 
was reached. In the later years of the century a 
revival at any rate in form if not in workmanship 
had taken place, reproductions being made of 
the beautiful silver of Queen Anne’s time. After 
all, there was hardly any particular type of silver 
which could be called English in style; everything 
was borrowed. Something was taken from the 
Italians, and the egg and tongue pattern was to be 
seen on the ancient monuments at Athens, which 
very likely had been copied from Crete. Possibly it 
might be traced back to thase who had charge of the 
‘silversmith work at the time of the Tabernacle in the 
‘Wilderness. Later on the Dutch were borrowed 
from, and the work of Paul Lamerie, one of the 
greatest English silversmiths, was admirable. From 
the time of Queen Anne down to that of George II. 
the style of Louis XV., and to some extent of 
Louis XVI., was followed. The style of Louis XVI., 
he was told, was taken from Pompeii. Solomon 
said in Ecclesiastes, “ There is no new thing under 
the sun,” and traces were found of something 
that had gone before even in the most beautiful 
specimens of silver work, He was sure everyone 
present had derived great benefit from Mr. Macquoid’s 
researches, 


Mr. J. STARKIE-GARDNER said one could not help 
being struck by the immense German influence on silver 
design, especially the medizeval and 17th century silver, 
but it was not so noticeable in the intermediate time. 
It was very remarkable, because he should not think 
there was any other art in England influenced by 
Germany to anything like the same extent; it was a 
quite unexpected feature. In spite of German 
influence there was a very distinct ‘‘ cachet ’’ in most 
English work, especially the late Tudor. He agreed 
with the Chairman that the late Tudor was by far 
the most interesting period of the art. First of all, 
it was better represented than the earlier, early 
silver having almost disappeared, a very fair 
notion being obtained of what silversmiths were 
doing at the time. At the Burlington Fine 
Arts Exhibition there were between fifty or 
sixty very varied pieces of the time of 
Elizabeth, some of the most interesting belong- 
ing to the Chairman. In particular, there was 
a horn tankard which antedated any tankard he 
had ever seen in the country, being four years 
earlier than the poison tankard at Clare College. It 
was a remarkable specimen because it showed why 
tankards were made in a particular form. If they 
originated with a horn it accounted for the tapering 
and the bands on the tankard. The specimen could 
not be examined without the evolution of the tankard 
being at once seen. The magnificent silver rose-water 
dish of the time of Mary was another very instructive 
specimen, because it was a precursor of a whole series 
of later ones. It seemed to him that that one piece 
was not derived from any foreign country, being 


purely English. It was a very remarkable specimen, 
because the work was so restrained; the foreign 
pieces of that date were far less restrained. Alto- 
gether an examination of the series placed the art 
of the English silversmith on a very high level, 
showing that England was very little influenced 
by the French and Italians in that particular 
matter of silver, but was greatly influenced by the 
Germans; at all events, he knew no specimens 
illustrating spoons of those types except English. 


Mr. EDWARD DENT said that since Darwin’s time 
everything had been brought down to evolution, but 
silver seemed to be an exception to some of the 
sciences in that its progress stopped about the 15th 
century. He agreed with Mr. Macquoid that the 
spoon probably originated from shells. Some of the 
drawings reminded him of oysters, and the oyster- 
shell might have been the first form of spoon, It 
would be interesting to know whether the seal-top 
originated in England or on the Continent. 


Mr. Macquoin, in reply, said he had not 
seen an earlier seal-top than Henry VIII.’s seal of 
1528. He had seen a foreign seal-top, of German 
make, but of a much later date, the 17th century. 
He had never seen a foreign seal-top spoon of the 16th 
century. 


The CHAIRMAN, in moving a vote of thanks to Mr. 
Macquoid, said he thought Mr. Gardner was mistaken 
in supposing the rose-water dish of Tudor work was 
original, because the Italians had done similar work 
at an earlier period. He was afraid that even the 
Apostle spoons could hardly be called English, be- 
cause earlier specimens of very similar form had been 
found in Scandinavia. He was glad to find that, until 
they were disillusioned by some prior claim, seal-tops 
could be considered English. He believed all col- 
lectors would agree that foreigners were in advance 
of England in silver work by about 30 or 40 years. 
Work done in England under James I. was made 
abroad in Elizabeth’s time, and so on. It probably 
showed that foreign workmen came and settled in 
England, and made the silver of the English period. 


The vote of thanks was carried unanimously. 


Miscellaneous. 
——— e0 
THE NICKEL INDUSTRY IN CANADA. 


Nickel was first found to exist, in paying quantities, 
in Canada, in the year 1887, the principal deposits 
being in what is known as the Sudbury district. 
Since then the industry has developed, until it is 
claimed that Canada furnishes over forty per cent. of 
the nickel of the world. The district in which the ore 
is found is near Sudbury, in Ontario, and is about 70 
miles long by 40 miles wide. The deposits are irregular 
in character, and range from small pockets to acres 
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in extent, rising in places to ridges and hills of solid 
ore. It is estimated, according to the United States 
Commercial Agent at Sault Ste. Marie, that there is 
enough nickel now located to supply the world for 
the next hundred years, at the present rate of con- 
sumption. There are now less than a dozen mines 
equipped with plant, with an output of about 700 tons 
of ore per day. The deepest mine goes down about 
1,000 feet, and others from 50 to 400 feet. The ore 
usually runs about three per cent. in nickel to the 
ton, or a little less, and about the same in copper, 
with a large proportion of sulphur and iron in almost 
equal parts, No ore is stated to be at present reduced 
to the pure nickel and copper in Canada, most of it 
being shipped in the shape of matte to New Jersey, for 
refining. It takes as a rule seven tons of ore to make 
one ton of matte. Reducing ore to matte is a very 
simple process. Dry split wood is placed on level 
ground to the height of above one foot, and ore is 
placed on top of this to the height of about six or 
eight feet. Fire is applied, and the wood soon 
ignites the sulphur in the ore; it will burn from six 
to twelve weeks, reducing the sulphur, roughly speak- 
ing, from 30 per cent. to 7 per cent. It is then 
coarsely crushed and run through a smelting process in 
a furnace, the ore settling to the bottom, and the 
slag running off as in a common iron furnace. The 
ore is self fluxing, but the addition of a small amount 
of lime or limestone will produce better results. The 
matte thus produced is called 40 per cent. matte, but 
an analysis from one furnace showed 38'5 per cent. 
One of the principal companies working nickel is 
building smelting and refining plants in Sault Ste. 
Marie, and proposes by a new electrical process to 
separate and save all the bye products of the ore. A 
large quantity of the sulphur thus saved will be 
utilized in the manufacture of sulphide pulp, and the 
balance will probably be put on the market for sale in 
the shape of liquefied sulphuric acid. This company 
claims that the nickel pig manufactured by its pro- 
cess will contain nickel and iron in a perfect state of 
harmony—also a large percentage of carbon—and be 
capable of producing the very highest quality of nickel 
steel. During the last session of the legislature the 
Ontario Government took steps to impose an export 
tax on nickel ore and matte, but it is understood that 
this tax is to be held in abeyance until it can be shown 
that nickel can be successfully refined on a practical 
scale in Canada. 


Correspondence. 
——___————_ 
THE WORLDS TIMBER SUPPLY. 
The Society of Arts’ Journal of the 1st March 
has just reached me here. In Dr. Schlich’s paper 
he warns England, by means of carefully prepared 
statistical tables, that the timber famine, which 
foresters have long known to be impending, is nearer 
at hand than most people realise. In calling upon 
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Great Britain to stir itself, Dr. Schlich says that this 
is his last appeal. It is to be hoped, however, that 
neither he nor others, whose warnings and suggestions 
have been offered during the past half century in the 
Society of Arts’ Journal and in the Press, will lose 
heart and allow the subject to rest. For fifty years 
and more the Society of Arts and the British Asso- 
ciation have interested themselves in the forestry 
question, and have shown and laid stress on its vital 
importance. Great results have been attained in 
India and in the colonies, but public opinion requires 
to be stirred before any improvement is to be hoped 
for in the United Kingdom. This can only be 
achieved by keeping the needs and shortcomings of 
England constantly before the public eye. 

To expend £18,000,000 or £20,000,000 sterling 
annually in buying foreign timber, when much of it 
could be grown on waste land in our own country, at 
the same time providing a vast amount of work for the 
labouring classes, appears to be almost criminal waste 
—but so it is—and this cannot be too often repeated. 

Dr. Schlich alludes to a paper which I read before 
the Society of Arts in December, 189¢. That 
paper treated mainly of the sad lack of facilities 
for obtaining education in forestry subjects anywhere 
in Great Britain, other than those afforded at Cooper's 
Hill and the Edinburgh University, or at the small 
night school established by Professor Bayley Balfour, 
at the Edinburgh Botanical Gardens. This is a 
serious matter, but the main difficulty lies in the fact 
that nearly the whole of the twenty or thirty 
millions of acres of available waste land in the 
United Kingdom is private property, the owners of 
which are disinclined to spend money in planting 
woods, because hardly any appreciable return from 
them can be expected during an ordinary lifetime. 
Another serious obstacle to which I referred in the 
above-mentioned paper, lies in the fact that owing to 
a general lack of knowledge of, or education in forest 
matters throughout the country, many land owners 
are inclined to let things slide, because they really 
don't quite know how to set about planting waste 
and worthless patches judiciously and economically, 
although they know that it would render them, 
prospectively, very valuable. ‘‘ It is here ”’—as I said 
in my paper—“‘ that the State might step in and aid. 
The Board of Agriculture might, at a cost not worth 
considering, maintain a small staff of trained men 
whose services, as advisers, would be at the disposal, 
free of cost, of any land holder, however small, who 
was desirous of forming a plantation, or of improving 
existing woods. A member of this staff, when 
applied for, would visit the spot regarding which 
advice was wanted, and would tell the proprietor the 
sort of trees most suited to the land, the aspect and 
surrounding conditions, and would otherwise advise 
him fully as to seedlings, method of planting, cost, &c. 
Supposing this to be carried out conscientiously, and 
with as little red tapeism as possible, I take it that 
few men who went the length of asking for the services 


of an adviser woyld fail to profit by his suggestions 
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Farther advice on the after treatment of woods might 
be made available in the same manner.” 

I added data, obtained from the very best sources, 
showing that for £50 an area of five acres of waste 
land could be planted and fenced with stock proof 
fencing and rabbit netting. 

But there is yet another, and a very serious obstacle 
to planting, namely, the incidence of taxation. Here, 
again, the State might aid at a sacrifice of revenue 
quite insignificant when compared with the advantage 
to be derived. Land newly planted with timber trees, 
and maintained as bond fide forest, might be exempted 
from tax—say, for 25 or 30 years, by which time a 
small return may be expected from thinnings. 

These ideas are, perhaps, worth repeating in view 
of our impending timber famine. This is, unhappily, 
not a time when the State can be expected to find 
money for purchasing land and establishing State 
forests. We shall have to wait for better times, but, 
meanwhile, half or a quarter of a loaf would be better 
than no bread at all. 


J. MICHAEL. 
San Remo, 


March 10, 1901. 


HIGH-SPEED ELECTRICAL MONORAIL. 


I much regret I was not able to be present on 
Wednesday, the 13th inst., when the paper upon the 
“ Monorail’? was read, as I should liked to have 
taken part in the discussion ; especially as regards the 
question of brake power. 

Exactly twenty years ago this year, the late 
Mr. Cowper and I were called upon, by the Midland 
Railway, to examine into and to report upon two 
systems of vacuum brakes. 

I devised a simple apparatus to obtain an automatic 
record. It consisted of the usual clockwork arrange- 
ment for drawing forward a strip of paper at a uniform 
speed. Across this strip of paper, there reciprocated 
a pencil. This pencil was moved by rod and lever 
connections with an eccentric placed on the axle of 
the leading wheel, with the obvious result, that the 
pencil drew on the moving paper a series of triangles 
with rounded tops and bottoms, one triangle for each 
revolution of the leading wheel. The circumference 
of that wheel being known, the distance between the 
apex of one triangle and that of the next represented an 
equal number of yards of progression on the line, and 
enabled, therefore, the speed of the train, at any 
moment, to be accurately known, and also after the 
brakes were applied, showed the rate at which that 
speed diminished, and the time occupied in the 
stoppage. 

There was a second pencil which was habitually 
stationary, and therefore drew a mere straight line 
upon the paper, but it could be moved laterally a 
small distance by hand as needed, and was used to 
signify, say, when the brakes were put on, or when a 
quarter-mile post was passed, and also to check the 


time, from an ordinary watch fixed on the apparatus, 
so as not to have to rely upon the accuracy of the 
travel of the paper, 

My recollection quite confirms the statement, that 
with an ordinary portion of the whole weight of the 
train being supplied with brake power, the speed of the 
train could be reduced at the rate of three miles per 
second—that is to say, a thirty-mile per hour train 
could be brought to rest in ten seconds, and without 
shock. 

Another fact that remains by me is, that a train 
weighing (including engine and tender), I think, 300 
tons, and running upon a perfectly straight level line 
on a calm day, ran, after the steam was shut off (the 
drain cocks of the steam cylinders being open), with- 
out the application of any brake power, five miles and 
five yards before it came to rest. 

But with respect to the brakes needed for the 
higher rate of 100 or 120 miles proposed to be 
obtained on the ‘ Monorail” system—a system in 
which I entirely believe, and one which, I hope, a 
more intelligent Committee than the one who dealt 
with the matter last year will pass into law in 
Session 1901—it may be worth while to ask whether 
another system of braking not dependent upon the 
insistent weight applied might not well be considered. 
I refer to the “ Clip” brake used by the late Sir 
James Brunleces on the inclines of the São Paulo 
Railway. These brakes, as their name implies, grip 
the sides of the rails after the manner of a pair of 
tongs. A single handle worked two such brakes, one 
on each rail. See Vol. 30, 1869-70, of ‘‘ The Trans- 
actions of the Institution of Civil Engineers,” p. 57, 
Plate 7. 

It appears to me that such brakes, when properly 
brought before the notice of a Parliamentary Com- 
mittee, ought to dispel all fear as to the ability to 
stop high-speed trains. 

FREDERICK BRAMWELL, 

5, Great George-street, 


Westminster, S.W. 
20th March, 1901, 


MEETINGS OF THE SOCIETY. 


ORDINARY MEETINGS. 
Wednesday evenings, at Eight o’clock :— 


MARCH 27.—“ Clocks, Carillons, and Bells.” By 
A. A. JOMNSTON, 


APRIL 17.—‘* The Synthesis of Indigo.” By 
PROF. RAPHAEL MELDOLA, F.R.S. SIR HENRY 
E. Roscoe, LL.D., D.C.L., F.R.S , will preside. 


APRIL 24.—‘* Patent Law Refom.” By 
ALEXANDER SIEMENS. The Right Hon. the Lorp 
CHIEF JUSTICE, G.C.M.G., will preside. 

May 1.— ‘Thames Steamboat Service.” By 
ARNOLD F. HILLS. SIR FREDERICK BRAMWELL, 
Bart., D.C.L., F.R.S., Treasurer of the Society, will 
preside. | 
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May 8.—“ School Work in Relation to Busi- 
ness.” By SIR JOSHUA FITCH, LL.D. 
May 15.—*“ Wireless Telegraphy.”’ 

ELMO MARCONI. 


By GUGLI- 


INDIAN SECTION. 
Thursday afternoons, at 4.30 o’clock :— 


MARCH 28.—“ The Greek Retreat from India.” 
By COLONEL SIR THOMAS HUNGERFORD HOLDICH, 
R.E., K.C.1.E., C.B. The EARL of HARDWICKE 
will preside. 

APRIL 18.—‘‘ Madras the Southern Satrapy.” By 
JOHN DAVID REEs, C.I.E. 

MAY 16.—“ The Town and Island of Bombay— 
Past and Present.” By L. R. WINDHAM FORREST, 
formerly Chairman of the Bombay Chamber of 
Commerce. 

The meetings of April 18 and May 2 will be held 
at the Society of Arts; those of March 28 and May 
16 at the Imperial Institute. 


COLONIAL SECTION. 


Tuesday afternoons, at 4.30 o'clock :— 

MARCH 26.—‘' The Commonwealth of Australia.” 
By the Hon. SIR JOHN ALEXANDER COCKBURN, 
K.C.M.G. The RiGHT Hon. JAMES BRYCE, 
D.C.L., F.R.S., M.P., will preside. 

APRIL 30.—‘‘ The British West Indies.’’ By Sir 
NEVILE LuBBOCK, K.C.M.G., Chairman West India 
Committee. 

May 7.—“ The Coal Problem—its Relations to the 
Empire.” By LIEUT. CARLYON W. BELLAIRS, 
R.N. 


APPLIED ART SECTION. 
Tuesday evenings, at 8 o’clock :— 
APRIL 16.—‘* Greek Vases, their Evolution of 
Form and Omament.” By CECIL SMITH, LL.D. 
May 21.—‘ The Rise and Development of Egyp- 


tian Art.” By Proressok W. M. FLINDERS 
PETRIE, D.C.L. 


CANTOR LECTURES. 
Monday evenings, at 8 o’clock :— 
MAJOR P. CARDEW, “Electric Railways.” 
Three Lectures. 


LECTURE ITI.—MARCH 25. 
Consideration of equipment and working of a full- 
scale railway for suburban and main traffic on the 
polyphase system. 


SIR WILLIAM CHANDLER ROBERTS-AUSTEN, 


K.C.B., F.R.S., “ Alloys.” Four Lectures. 
April 22, 29, May 6, 13. 


HOWARD LECTURES. 
Friday evenings, April 26, May, 3, 10, 17:— 
ALFRED C. EBORALL, A.I.E.E., “ Polyphase 
Electric Working.” 


MEETINGS FOR THE ENSUING WEEK. 


Monpay, March 25...SOCIETY OF ARTS,’ John-street, 
Adelphi, W.C., 8 p.m. (Cantor Lectures.) Major 
Philip Cardew, ‘Electric Railways.” (Lecture 

III.) 

National Indian Association, in the Jehanghir-hall, 
Imperial Institute-road, S.W., 4} p.m. (Annual 
Mecting.) 

Imperial Institute, South Kensington, S.W., 8} p.m. 
Mr. S. A. Munro, “ The Locust Plague, and its 
Suppression.” 

Cleveland Institute of Enginecrs, Middlesbrough, 
74 p.m. 

Actuaries, Staples-inn Hall, Holborn, 5} p.m. 

Medical, 11, Chandos-street, W., 8} p.m. 


Tusspay, Marcu 19..SOCIETY OF ARTS, John-street, 
Adelphi, W.C., 8 p.m. (Colonial Section.) The 
Hon. Sir John Alexander Cockburn, ‘‘ The 
Commonwealth of Australia.” 

Royal Institution, Albemarle-street, W., 3 p.m. 
Dr. Allan Macfadyen, “ The Cell as the Unit 
of Life.” (Lecture V.) 

Medical and Chirurgical, 20, Hanover-square, W., 
8$ p.m. 

Civil Engincers, 25, Great George-strect, S.W., 
8 p.m. 1. Discussion on Mr. Joseph Husband’s 
paper, “The -Esthetic Treatment of Bridge 
Structures.” 2. Mr. Edward Sandeman, ‘‘ The 
Burrator Works for the Water Supply of 
Plymouth.” 

Photographic, 66, Russell-square, W.C., 8 p.m. 
Mr. J. H. Agar Raugh, “Some Improvements in 
Optical Projection.” 

Anthropological, 3, Hanover-square, W., 8} p.m. 

Wepnespay, MARCH 27... SOCIETY OF ARTS, John-street, 
Adelphi, W.C., 8 p.m. Mr. A. A. Johnston, 
“ Clocks, Carillons, and Bells.” 

Royal Society of Literature, 20, Hanover-square, 
W., 8 p.m. Dr. W. E. A. Axon, “ Etienne Dolet, 
a Martyr of the Renaissance.” 

British Astronomical, Sion College, 
embankment, E.C., 5 p.m. 


Tuurspay, Marcu 28... SOCIETY OF ARTS, Johbn-street, 
Adelphi, W.C., 44 p.m. (Indian Section.) Col, 
Sir T. Hungerford Holdich, ‘‘ The Greek Retreat 
from India.” This Meeting will be held at the 
Imperial Institute, South Kensington.) 

Chemical, Burlington-house, W., 8 p.m. Annual 
meeting. 

Society for the Encouragement of Fine Arts, 83 
p-m. Conversazione at the Galleries of the Royal 
Institute of Painters in Water Colours, Piccadilly. 

Royal Institution, Albemarle-street, W., 3 p.m. 
Sir Wyke Bayliss, “ Shakespeare in Relation to 
his Contemporaries in Art.” (Lecture II.) 

Electrical Engineers, 25, Great George-street, S.W., 
8p.m. 1. Mr. H. W. Ravenshaw, “The Electrical 
Transmission of Power in Coal Mines.” 2. Mr. 
S. F. Walker, “ Portable Electric Lamps.” 

Camera Club, Charing-cross-road, W.C., 8} p.m. 
Mr. H. B. Wheatley, ‘“ Book Illustration — Old 
and New.” . 


Fripay, MArcH 29...Royal Institution, Albemarle-street, W., 
8p.m. Weekly Meeting. 9p.m. Lord Rayleigh, 
“ Polish.” 

North-East Coast Institute of Engineers and Ship- 

builders, South Shields, 6 p.m. Mr. E. Griffith, 
“ Water Tube Boilers.” 

SATURDAY, MARCH 30...Royal Institution, Albemarle-street, _ 
W.,3 p.m. Lord Rayleigh, “Sound and Vibra- 
tion.” (Lecture V.) 
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THE GROWTH AND TREND OF 


Bournal of the Society of Arts, | INDIAN TRADE—A FORTY YEARS’ 


VoL. XLIX. 
——_—__@—___——- 
FRIDAY, MARCH 29, 1901. 


No. 2,523. 


All communications for the Society should be addressed to 
the Secretary, Fohu-street, Adelphi, London, W.C. 


Notices. 
a 
CANTOR LECTURES. 


MAJOR P. CARDEW delivered the third and 
last lecture of his course on “ Electric Rail- 
ways,” on Monday evening, 25th inst. 

PROFESSOR AYRTON, F.R.S., proposed a 
vote of thanks to the lecturer, which was carried 
unanimously. 

The lectures will be published in the Journal 
during the summer recess. 


COLONIAL SECTION. 


Tuesday afternoon, March 26th, 1901; The 
RIGHT HON. JAMES BRYCE, D.C.L., M.P., 
F.R.S., inthe chair. The paper read was ‘‘ The 
Commonwealth of Australia,” by the Hon. 
SIR JOHN ALEXANDER COCKBURN, K.C.M.G. 

The paper and report of the discussion 
will be published in a future number of the 
Fournal. 


Proceedings of the Society. 


—_————_. 
INDIAN SECTION. 


Thursday afternoon, March 14th, 1901; SIR 
STEUART COLVIN BAYLEY, K.C.S.I., C.LE., 
in the chair. 


The CHAIRMAN said he had to offer an apology 
on behalf of Lord George Hamilton for his inability 
to preside. Lord George Hamilton had asked him to 
explain that he had read the paper, and that he 
thought it a very admirable one, 


The paper read was— 


SURVEY. 
By HENRY JOHN TOZER, M.A. 


Just three centuries have passed away since 
four small ships weighed anchor in the Thames 
and set sail for the East Indies. Fortified by 
Queen Elizabeth’s charter with the exclusive 
English rights of conducting trade with those 
regions, the London East India Company 
began in this humble way that commercial 
intercourse which has since continued without 
intermission, and which has now grown to 
vast dimensions. 

In the Middle Ages the Oriental trade had 
brought wealth and glory to Venice and 
Genoa. In the 16th century it had made 
Portugal one of the greatest mercantile powers 
in the world. But in the 17th century this 
supremacy in Eastern commerce passed to the 
North Sea; and England, which had never 
dreamed of dominion, found, in the 18th century, 
that the necessity of guarding her Indian trade 
imposed upon her the burdens of empire. 

“ From the most ancient times downwards,”’ 
said Hegel, ‘‘all nations have directed their 
wishes and longings to gain access to the 
treasures of this land of marvels. . . . The 
way by which these treasures have passed to 
the West has at all times been a matter of 
world-historical importance, bound up with the 
fate of nations. . . . It is the necessary fate 
of Asiatic empires to be subjected to Euro- 
peans ; and China will, some day or other, be 
obliged to submit to this fate.” 

During the 17th and 18th centuries Eng- 
land’s trade with India exhibited no striking 
development. In 1813, when the abolition of 
the East India Company’s monopoly of trade 
with India was under consideration, eminent 
witnesses declared that the whole annual trade 
between India and Great Britain was under 
42,500,000 a year. Moreover, in the true 
spirit of monopolists, they affirmed that, on 
account of the poverty of the Hindus, the 
demand for British goods could not be. ex- 
pected to increase. But a suitable rebuke 
came from Lord Grenville, who said in Parlia- 
ment in words which still have force, and 
which deserve to be recalled:—‘‘To what 
extent this trade of India may be carried, 
presumptuous indeed would be the man who 
would now venture to pronounce. . . . What 
present knowledge, what past experience of 
India could possibly decide that question ? 
What shall we say to those who deny the 
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possibility, not of opening new sources for 
the commerce of mankind, but of enlarging its 
present channels? By commerce commerce 
will increase, and industry by industry. By 
new facilities new wants and new desires will] 
be produced. And neither climate, nor religion, 
nor long-established habits—no, nor poverty 
itself, the greatest of all present obstacles, 
will ultimately refuse the benefits of such an 
intercourse to the native population of that 
Empire. They will derive from the extension 
of commerce, as every other people has uni- 
formly derived from it, new comforts and new 
conveniences of life, newincitements toindustry, 
and new employments in just reward of in- 
creased activity and enterprise.’ Needless to 
add, this eloquent prophecy has been abund-. 
antly fulfilled. . : 

The Company and their servants, although 
they still boded ill of the trade, could no longer 
check its growth, and by 1832, eighteen years 
after the abolition of the monopoly, shipments 
to India had doubled. From 1834 the mer- 
cantile transactions of the Company ceased; 
and in 1858 a long series of Parliamentary., 
encroachments upon the Company’s ancient 
privileges culminated in the transfer of the 
government of India to the Crown. 

The fact that 1901 marks the tercentenary of 
British Indian trade must be my apology for 
this introduction. The main object of the paper 
is to trace the leading features of the foreign 
sea-borne trade of India under the Crown—to 
describe its growth and indicate its trend. For 
the last quarter of a century we have Mr. 
O’Conor’s masterly series of annual Reviews of 
the Trade of India, but there seems room for a 
synthetic view of this wide subject. India now 
stands ninth among the commercial countries 
of the world. She has a greater foreign trade 
than any other Asiatic country. Hercommerce 
is larger than that of Australia, or than that of 
Canada and South Africa combined. 


GENERAL CONDITIONS AFFECTING TRADE. 


In 1859-60, the first complete year of trade 
under the Crown, there were but 600 miles of 
railway open for traffic, and only one of the 
new or British irrigation canals was complete. 
Thus the public works most essential to the 
commercial development of India have mainly 
grown up in the last 40 years. In the 20 years 
to 1879 railway mileage increased by nearly 
8,coo, while in the 20 years to 189g the lines 
opened for traffic increased by about 15,000 
miles. Railways have enormously cheapened 
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transport, especially the carriage of bulky ex- 
port staples; and by tapping supplies formerly 
unavailable, they have equalised prices. Not 
only have railways facilitated exports, they 
have also enabled imports to penetrate into 
markets formerly isolated. A wider area and 
a larger population thus participate in the 
benefits of foreign trade. Railways have in 
some cases changed old trade routes. Pro- 
duce which once went down the Ganges to 
Calcutta has been partially diverted to 
Bombay. The completion of through routes 
(as between Calcutta and Bombay in 1870-71) 
has been of great importance. But the in- 
creased traffic of the railways has been due in 
considerable measure to the construction of 
Irrigation works, which have enabled valuable 
crops to be raised from areas once barren. 
Apart, too, from irrigation, the cultivated area 
has increased, while the population of pro- 
ducers and consumers has probably grewn by 
80,000,000 to 100,000,000. 

A potent factor in the extension of foreign 
trade was the opening of the Suez Canal at the 
end of 1869, which shortened the voyage be- 
tween India and England by 5,000 miles. The 
long voyage round the Cape was not only 
costly, but detrimental to wheat, seeds, and other 
perishable commodities, while the overland route 
necessitated transhipment and land carriage. 
The Suez Canal secured direct through traffic 
with great saving of distance. Steamers could 
be more economically used, and more frequent 
and regular services were rendered possible. 

In India the great ports have been improved 
by the agency of port trusts, which have con- 
structed docks, wharves, jetties, and other ap- 
pliances for the accommodation of the growing 
traffic. An increased number of coasting 
steamers now serve as useful auxiliaries of the 
ocean liners. 


SPECIAL CONDITIONS AFFECTING TRADE. 


Besides these general conditions, we have to 
consider those more transient conditions which 
operate on supply or demand or on the terms 
of exchange. Those which affect foreign 
demand, such as alternative sources of supply, 
hostile tariffs and bounties, deficient foreign 
harvests or commercial depression may easily 
elude notice. Circumstances affecting supply 
in India are more apparent. 

In the years 1859-64, India was severely 
burdened by the cost of the Mutiny, and com- 
paratively heavy customs duties were levied. 
But great demands for raw cotton made trade 
flourish from 1861-62 to 1865-66, and capital 
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flowed in to develop the industry. In the Sixties, 
however, a succession of severe droughts 
curtailed production, and more or less restricted 
trade. Abnormal commercial activity in 
1871-72 was followed by depression, accentuated 
by famine. Speculation, especially in cotton 
goods, caused a great expansion of trade in 
1877-78, followed by a very strong reaction in 
1878-79, which was made worse by widespread 
famine. Meanwhile, reductions in freights 
and in sea customs, and the abolition of 
inland customs duties, were giving an impetus 
to trade which became more perceptible in 
1879-80. A series of years with good harvests 
during the Eighties yielded an ample surplus 
for exportation, and enabled people to buy 
more imported goods, especially after nearly 
all import duties were removed in 1882. Except 
for a slight decline in 1884-85 and 1885-86, 
exports increased continually up to 1889-90. 
In 1890-91 imports were high, owing partly 
to large receipts of gold, while in 1891-92 the 
failure of American and Russian harvests 
induced heavy exports of Indian wheat and 
seeds. 

But a dark cloud had been brooding over 
Indian trade and finance since 1872-73, when 
the gold value of the rupee began to fall. The 
terms of exchange were disturbed, and more 
produce had to be exported to meet gold 
liabilities. Trade, as Mr. O’Conor has aptly 
said, was carried on in a series of rushes and 
pauses, having reference not so much to the 
conditions and prospects of the markets, as to 
those of exchange; but commerce, though 
harassed, advanced during the Eigkties. These 
baneful influences, however, caused much 
speculation in the early Nineties, till the mints 
were closed to the free coinage of silver in June, 
1893. In March, 1894, the fiscal necessities of the 
Government, resulting from loss by exchange, 
led to a reimposition of the general 5 per cent. 
import duties abolished in 1882. These duties, 
which are still levied, were imposed for revenue 
purposes, not for protection. England, unlike 
other countries with dependencies, imposes no 
differential duties in favour of her own goods. 
Speculation in exchange continued for about 
three years after the closure of the mints; but 
from the autumn of 1896 the rupee tended 
upwards, though with oscillations, till early in 
1898 it approximated to the rate of 1s. 4d. 
adopted by Government. Since then it has 
been unnecessary to force goods on the Indian 
market or to withhold exports in anticipation of 
a fall in exchange, for stability of exchange, an 
indispensable condition of sound trade, is now 


secured with those gold standard countries 
with which four-fifths of India’s trade is con- 
ducted. 

In 1895-96 trade improved, and exports were 
large; but in the next two years severe famine 
affected vast areas, and exports declined 
heavily. Plague broke out in Bombay and 
Sind. Trade was dislocated by the flight of 
traders and operatives, while quarantine regu- 
lations abroad and in India checked exports. 
Famine requirements and extensive military 
operations on the North-West frontier caused 
withdrawals of money from the Government 
treasuries, entailing stringency in the money 
market and contraction of credit. After a year 
of comparative prosperity in 1898-99 a fresh 
crop of troubles occurred, famine and plague 
reproducing in 1899-1900 the conditions of 
1897-98. Yet bad as things were, trade reached 
the highest point yet recorded. 


THE GROWTH OF THE TOTAL TRADE. 


In Table I. of the Appendix will be found the 
imports, exports, and total trade from 1859-60 
to 1899-1900, the figures representing the 
annual averages for quinquennial periods. 
Figures thus arranged bring out most clearly 
the permanent tendencies of trade as dis- 
tinguished from annual variations. But in 
comparing the later Nineties with earlier 
periods we need to remember that those years 
were abnormal owing to exceptional troubles, 
so that increases of trade are probably smaller 
ana decreases greater than the normal. Values 
are expressed throughout in millions of rupees 
and decimals of a million, as the use of sterling 
figures for earlier years might be misleading. 

Imports of merchandise have moved steadily 
upwards throughout, the values for 1899-1900 
being Rs.753,045,000, against Rs.239,715,000, 
the average for the first quinquennium, ended 
1863-64. Exports of merchandise (including 
re-exports) also showed an unbroken advance, 
the figures being Rs.1,090,833,0co against 
Rs.421,466,000 for the corresponding periods. 
Thus while imports of merchandise expanded 
by 214 per cent., those of exports grew by 159 
per cent. Imports and exports of treasure 
fluctuated widely. The variations in the former 
caused the total import trade to show a de- 
cline of no less than 16 per cent. in the quin- 
quennium ended 1873-74, as compared with the 
preceding one, and the whole trade fell over 
7 percent. In no other period did the total 
trade decline, and throughout there was no 
decline in the total exports. The greatest 
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advance in total trade occurred in the quin- 
quennium ended 1883-84, which was a period 
of exceptionally good harvests. The quin- 
quennium of smallest progress was that ended 
1898-99, when total imports manifested a 
fractional decline, exports an advance of only 
4°84 per cent., and total trade a growth of only 
2°60 per cent. The checks to progress in the 
last 10 years—currency troubles, famine, and 
plague—are of a temporary nature, and we 
need not doubt that steady progress will soon 
be resumed. 

Those interested in the annual fluctuations 
of trade may glean some information from 
Table II. of the Appendix, and from the dia- 
gram (see p. 348’. These are designed to show 
tie special trade of India, that is, how much 
imported m:>rchandise, after deducting re-ex- 
ports, was retained for home consumption, what 
were the net imports of treasure, and what was 
the excess of exports of Indian produce and 
manufactures over these net imports of mer- 
chandise and treasure. Here and in subse- 
quent tables the figures go back for no more 


than 30 years, partly because statistics are. 


less complete and less trustworthy in the 
Sixties, partly because that period was ab- 
normal owing to heavy cotton exports, rela- 
tively heavy customs duties, and large payments 
of railway capital into the home treasury ; 
while the non-existence of the Suez Canal 
differentiates it from the later periods. © 

On the whole, we find a general upward 
tendency in the total trade—uniformity being 
first broken by a sharp rise in 1871-72 due to 
speculation, and high prices in Europe, fol- 
lowed by a fall almost as great in 1872-73, and 
next by a considerable shrinkage in 1878-79, 
caused by famine and by reaction from inflated 
trade. 
1891-92, when great fluctuations began, and 
lasted till 1898-99, from causes already men- 
tioned. 
no important fall except in 1896-97 and 1897-98, 
and imports of merchandise varied to no con- 
siderable extent, though frequent and violent 
fluctuations in the net imports of treasure, 
especially in the last decade, caused wide 
variations in the total net imports. 

_A satisfactory feature of Indian trade is its 
elasticity, which arises partly from the wide 
demand for the. leading exports, partly from 


the fact that in famine years the deficiency in. 
certain regions is compensated by the in-. 


creased trade of regions free from drought, 


which reap enhanced prices for their produce ‘| 


owing to famine demands. 


. India. 


No other serious break occurred until. 


In exports of merchandise there was. 


THE EXCESS OF EXPORTS. 

The large and constant preponderance of ex- 
ports over imports is a striking feature of Indian 
trade. Some allege that this drain of produce 
to foreign countries is sapping the vitality 
of India. But an excess, either of exports or 
of imports, is consistent with great prosperity. 
The United States has the former, England 
the latter. The prime necessity is to equate 
indebtedness in its various forms. Now India 
has various obligations to discharge abroad 
besides paying for imported goods. - First, 
she has large sums to pay as interest on 
capital borrowed in England at low rates for 
railways and irrigation works. Payment of 
interest on capital so invested is not a burden, 
for the interest represents only a part of the 
gross receipts, the rest of which is retained in 
The annual direct and indirect gains 
of India from public works far exceed the total 
amount of the much criticised home charges. 
Besides interest on capital for public works, 
the excess of exports must cover interest on 
ordinary debt, and various administrative 
charges which are incurred in England for 
services or for stores of a civil or military 
character. All these payments are necessary 
for external defence or for the maintenance of 
the Government in India, in other words, for 
securing peace and justice, which are among the 
chief requisites of commercial prosperity. The 
excess of exports cannot be got rid of except 
by the repayment or repudiation of loans, and 
by the overthrow of British rule. There is also 
a variety of private remittances, such as profits 
of British planters, merchants, and others, as 
well as many payments for ocean or coasting 
freights, which must be adjusted through the 
excess of exports. It should be observed 
that the drain of produce is not increasing. 
Table II. shows that the proportion which the 
excess of exports bears to the total exports of 
Indian merchandise has declined from an 
average of 27 per cent. in the 15 years 
ended. 1884-85, to 21 per cent. in the 
last 15. years. All improvements in- pro- 
duction and all. reductions: in. transport 
stimulate exports, and enable a larger quantity: 
of goods and treasure to be purchased abroad. 
In the 30 years to 1899-1900 India: absorbed 
Rs.2,940,000,000 in gold and silver. | - 


THE TRADE IN MERCHANDISE. 

If commerce is. the exchange of the com- 
paratively superfluous:.for the: comparatively 
necessary, it must: be: borne in mind: that 
within the group-of countries called India there. 
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are soils and climates so diversified that the 
people can satisfy all their chief wants from the 
land, which most of them are engaged in culti- 
vating. Hence there is no urgent need to 
resort to foreign markets. Moreover, in districts 
with a congested population there is but a 
small surplus for exportation. This explains 
why Bengal raises far more rice than Burma, 
but exports less. 
part of India can generally be met from 
another part more cheaply and more conve- 
niently than from abroad. But though, 
for these reasons, the important articles 
of trade are not numerous, they have greatly 
expanded in the last 4o years, and with 
the development of agricultural and industrial 
resources, a still greater expansion may be 
anticipated. 
said to account for the great competition and 
speculation in jute and other exports. 

Although India has a very extensive coast 
line, 94 per cent. of the total foreign trade is 
distributed among the widely-separated ports 
of Calcutta, Bombay, Rangoon, Kurrachee,and 
Madras, which are the chief towns o° the 
five great littoral provinces. For some years 
Bombay surpassed Calcutta in the merchan- 
dise trade, but plague, famine, and other 
troubles have diminished the commerce of the 
Western capital. Rangoon and Kurrachee have 
both advanced greatly, the former through its 
expanding rice trade, the latter through its 
enlarged exports of wheat and seeds.. The 
trade of Rangoon increased from 30,000,000 to 
240,000,000 rupees between 1866-67 and 1899- 
1900. Madras is hardly within the main 
channels of foreign trade, and apparently has 
smaller possibilities of development than the 
chief ports of Burma and Sind. 


THE INDIAN COTTON TRADE. 


The extraordinary importance of imports 
and exports of cotton, raw and manufactured 
justifies separate treatment, and a speciaj 
statistical Table (No. III. in the Appendix) 
has been devoted to the cotton trade. 

The old trade in the exportation of raw 
cotton expanded enormously in the Sixties, 
owing to urgent English demands which arose 
from the cessation of American supplies. 
High prices, averaging about 17d. per lb. in 
1864-65, stimulated cultivation, and large 
quantities were exported. But the resumption 
of American supplies put an end to this period 
of busy trade. The value of exports,. which 
had averaged Rs. 219,530,q090 in the quin- 
quennium to 1864-65, sank gradually to 
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Rs. 106,930,000 in that ended 1879-50. In the 
Eighties there was a partial recovery, followed 
by decline in the Nineties. The superior long- 
stapled American cotton, produced in enor- 
mous quantities, rules the world’s market, 
while Indian cotton is also surpassed in quality 
by Egyptian cotton. England, in 1859-60, 
took the great bulk of India’s raw cotton 
exports, partly for re-export, but last year she 
took only 3 per cent. The machinery of 
Lancashire mills is adapted for long- 
stapled varieties, but. on the Continent, 
to which greatly increased direct shipments 
are made, the Indian short-stapled fibre is used 
for making coarse, warm blouses, &c., for 
peasants and labourers. In the last ten years 
Germany has taken much more ; France, Italy, 
and Austria-Hungary, less. China once took 
large supplies. Her demands then fell off for 
a few years, and now are again increasing. 
But the greatest consumer at present is 
Japan, which took practically no raw cotton 
till 183)-90, and which in 1899-1900, took 
no less than 53 per cent. of the total 
exports, most of the rest going to the 
Continent. Exports of raw cotton show violent 
fluctuations, mainly owing to crop failures, 
which are very liable to occur in the cotton 
area of Western India. Moreover, there are 
oscillations in foreign demand. But the most 
constant factor tending to restrict exports is 
the growth of the Indian mill industry. About 
one-half of Indian cotton is used in the mills. 
The home demand, especially if we add village 
consumption, is, therefore, the dominant factor. 
As the world’s consumption of cotton is over- 
taking production, Indian cotton has a great 
future if a longer staple can be secured, a 
greater weight per acre produced, and the pro- 
cesses of cleaning and packing reformed. 
Recent experiments appear to show that exotic 
varieties are hard to acclimatise, though indi- 
genous kinds, which have been deteriorating. 
may be improved. For many years India has im- 
ported a small quantity of coarse Persian cotton, 
and recently considerable quantities of long- 
stapled Egyptian have been imported for the 
production of finer yarns and fabrics. 

During 30 years imports of cotton yarn have 
fluctuated greatly in quantity, while in the 
Nineties they fell away invalue. British twists 
of lower counts have declined, partly because 
they have been cut out by similar yarns made 
in Indian mills, partly because their use by 
native hand-loom weavers has been superseded 
by the wider distribution of imported piece 
goods. The bulk of the present yarn imports 
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consists of coloured yarns of medium counts, » 
from 26 to 40, spun from long-stapled cotton. 
On the whole, yarn imports cannot be called 
progressive, for quantities have been almost 
stationary for 10 years, despite a considerable 
fall in prices. 

During the three years, 1898 to 1900, India 
took, on the average, 18 per cent. of 
England’s cotton yarn exports, and no less 
than 4o per cent. of her exports of cotton 
piece-goods, in point of quantity. The im- 
ports of these manufactures, by far the most 
important branch of Indian trade, have risen 
from Rs.153,550,000 in the quinquennium 
ended 1874-75 to Rs.247,590,000 in that ended 
1899-1900. But the last five years show a 
considerable decline. During the Nineties, 
grey goods, which form the great bulk of the . 
trade, fell off in quantity, while white goods 
slightly increased, and coloured goods re- 
mained almost stationary. On the whole, the 
imports of piece goods are unprogressive ; and 
in grey goods especially, which, like grey 
yarns, are increasingly produced in India, 
recovery seems improbable. Handkerchiefs, 
shawls, lace and net, canvas, and hosiery are 
not yet being supplanted by local manufactures. 
Of India’s total imports of cotton goods, Lanca- 
shire supplies about 99 per cent. In the last 
40 years cotton goods have fallen greatly in 
price owing to lower cost of raw material and 
mechanical improvements. 

On turning to exports of Indian yarn, we find 
rapid and continuous progress—208,000,000 lb. 
being exported on the average in the last 
quinquennium, as against 2,000,000 lb. in the 
quinquennium to 1874-75. The exports have 
been especially rapid in the last 15 years, thus 
contrasting strongly with British Indian trade 
in cotton goods. The counts exported are 
mainly below 20’s. Japan for many years took 
Indian yarn but no raw cotton, while China 
took much raw cotton and little yarn. 
Now: Japan takes large quantities of raw 
cotton, while China has become the chief 
customer for yarn, taking 232,000,000 lb. out of 
a total of 241,000,000 lb. exported in 1899-1900, 
or 46 per cent. of the out-turn of the Indian 
mills. But the present cotton trade with 
China and Japan together is far greater than 
formerly. In recent years the yarn trade 
has suffered from currency difficulties, from 
Japanese competition in Chinese markets, and 
from dearness of raw cotton resulting from 
crop failures. 

Exports of cotton manufactures were thrice 


those of yarn in the quinquennium to 1874-75, 


but they have increased very slowly. They 
consist of cheap coarse grey goods from 
Bombay and hand-woven coloured goods from 
Madras made for African and Asiatic con- 
sumption. 

The importance of the cotton trade to India 
is best realised from the total values, which 
averaged about Rs.490,000,000 in the quin- 
quennium to 1899-1900. But it forms a smaller 
percentage of India’s total trade in mer- 
chandise than formerly. In the 10 years to 
1869-70 imports of cotton yarn and manu- 
factures averaged 48 per cent. of all imports of 
merchandise, and exports of raw cotton 43 per 
cent. of all exports. For the quinquennium to 
1899-19co the corresponding figures were 
38 and 1g per cent. respectively, while cotton 
in all its forms constituted 27 per cent. of the 
total trade in merchandise in that period. 

It is necessary to refer to the growth of 
Indian cotton mills. In 20 years spindles have 
increased by 221 per cent., and looms by 189 
per cent.—the respective numbers being now 
4,728,000 and 38,000. In 1899-1900 they con- 
sumed 1,641,000 bales (of 400 lb.) of raw cotton. 
Indian mills, though costing more for interest 
and maintenance than British mills, have 
cheaper raw material and labour. They are 
comparatively near the great China yarn 
market, and they are gradually revolutionis- 
ing the indigenous cotton industry. In 1896- 
97 it was estimated that 36 per cent. of the 
yarns they produced was used in hand-looms 
and 26 per cent. in Indian power-looms, while 38 
per cent. was exported. Fine spinning is now 
being undertaken, but to do this on a large 
scale most of the machinery must be replaced 
and more skilled labour must be obtained. The 
system under which many mills are financed 
appears to need reform. Up-country mills 
are increasing, and are catering for local re- 
quirements, while Bombay, where mills are far 
the most numerous, is devoting more attention to 
Indian needs, and less to the Chinese market. 
In the long run India, who grows her own 
cotton, should be able to beat Japan, who must 
import her raw material from India, America, 
and elsewhere. 

We may now consider the other staple im- 
ports and exports, of which the quantities (as 
far as possible) and the values are shown in 
Tables IV. and V. of the Appendix for the 
quinquennial periods from 1870-71 to 1899-1900. 


IMPORTS OF MERCHANDISE. 


In the decennium ended 1869-70 imports of 
metals and metal manufactures formed 19 per 
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cent. of the total imports, and they constituted 
with cotton goods two-thirds of the total im- 
ports. Metals and metal goods with cloth and 
treasure have for three centuries been pro- 
minent among Indian imports. During 30 
years metals have steadily grown, though ata 
slower rate in the last 15 years, while metal 
manufactures have increased threefold in the 
last 20 years. Together they now form about 
17 per cent. of the total imports. Iron, the most 
important metal throughout, has fallen from 
4,597,000 cwt. in 1887-88 to 2,982,000 cwt. in 
1899-1900. The reasons assigned for the de- 
cline are the substitution of ready-made toolsand 
implements for the rough native ones formerly 
made from imported iron, the competition of pig- 
iron and castings from the Barakur Ironworks, 
and, above all, the replacement of iron by steel, 
particularly the cheaper and commoner kinds 
of steel used in hooping for cotton bales, &c. 
Steel has advanced rapidly from 35,000 cwt. in 
the quinquennium to 1874-75 to 1,648,000 cwt. in 
that ended 1899-1900. Iron and steel combined 
form about go percent. inquantity of the imported 
metals. Copper is used for making domestic 
and other utensils, the demand for it depend- 
ing partly on prices, which have risen greatly 
owing to speculation and extended use of 
copper, partly on the material condition of the 
people, who, when prosperous, invest their 
surplus cash in copper and brazen utensils. 

The comprehensive head, hardware and 
cutlery, includes agricultural and other imple- 
ments and sewing machines. Improved pro- 
cesses for making iron and steel have reduced 
prices, and led to the importation of articles in 
much greater number and variety. Imports of 
machinery and millwork, including engines, 
have in the last 20 years been thrice as great 
as in the previous 20 years—an excellent in- 
dication of industrial development. The great 
extensions in railway construction have caused 
increasing imports of permanent way material 
and rolling stock. The enormous total of 
Rs.750,000,000 has been expended in this way 
in 25 years, no less than Rs.240,000,000 falling 
within the last five years. As railway materials 
are now much cheaper than formerly the 
increases in quantity are still greater. 

An import of increasing prominence is sugar, 
which in the quinquennium ended 1899-1900 
showed an eightfold growth in 25 years. Until 
about ten years ago Mauritius suppliedthe great 
bulk of India’s demands, and after cane sugar 
became hard pressed in Europe by the low 
prices of bounty-fed beet sugar, produced at a 
rapidly diminishing cost, India became almost 
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the sole market for Mauritius. But in 1890-91, 
German beet sugar, aided by bounties and 
direct steamers, began to arrive in India in 
considerable quantities. For a time, however, 
beet sugar imports fluctuated greatly, while 
cane sugar steadily advanced. In the quin- 
quennium to 1894-95, sugar imports grew 
45 per cent. in quantity, and in the next quin- 
quennium a further 50 per cent. In 1895-96, 
German imports suddenly and largely ex- 
panded, while total sugar imports in 1897-98 
were 61 per cent. above those of 1896-97, German 
and Austrian supplies being extremely large, 
owing to their exclusion from the United States 
by countervailing duties imposed under the 
Dingley tariff. The influx of foreign beet and 
cane sugar prompted a request for counter- 
vailing duties on bounty-fed sugars in India 
owing to their unfair competition with a 
valuable indigenous crop. The Secretary of 
State complied by sanctioning the adoption of 
a scale of additional duties, similar to that of 
the United States, in March, 1899. A com- 
mittee were subsequently appointed by Govern- 
ment to enquire into the possibility of improving 
the production of sugar in Bihar, and their 
report, just issued, recommends the cultivation 
of sugar on a large scale, improvements in the 
varieties of cane grown, and the erection of cen- 
tral factories with the most modern machinery. 
Imports of mineral oi], begun about 30 years 
ago, have expanded very rapidly from 3,000,000 
gallons in the quinquennium ended 1879-80, to 
76,000,000 gallons in the last quinquennium. 
The people soon learned to appreciate the 
cheapness and superior brightness of this 
illuminant over their impure vegetable oils. 
Russian oil, which first entered in 1886-87, is 
increasingly sent in bulk, and has, by its cheap- 
ness, completely out-distanced American case 
oil. Burma’s output of petroleum is increasing, 
having reached 33,000,000 gallons in 1899. 
The imports so far dealt with form about 
two-thirds of the total merchandise imported. 
Provisions, malt and spirituous liquors, apparel, 
and woollen and silk gocds are purchased in 
considerable quantities from abroad, and are 
largely consumed by Europeans. Imports of 
coal and salt depend much on the freight 
markets, being sent as outward cargo by ships — 
from Liverpool or Hamburg in the busy season 
of the Indian export trade. But increased 
supplies of Indian coal, of which 5,000,000 
tons were produced in 1899 (an increase of 128 
per cent. in 9 years), tend to drive out foreign 
coal from Indian ports, and to some extent 
from Colombo and Singapore. Lastly, aniline 
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and alizarine dyes, mostly from Belgium and 
Holland, have been superscding Indian vege- 
table dyes. They have become cheaper and 
more stable, and being easily worked, their 
use has extended in the Bombay mills and 
amogg hand-loom weavers for the commoner 
fabrics. 


Thedarge growth in the demand for mineral - 


oils, anddncreased purchases of matches, lamps, 
glassware, hardware and cutlery, leather goods, 
cheap clocks and watches, woollen clothing, 
umbrellas, and many other articles point toa 
rise in the general standard of comfort. 


EXPORTS OF INDIAN PRODUCE AND 
MANUFACTURES. 


While manufactured articles constitute the 
great bulk of imports, exports consist mainly 
of raw materials or partly manufactured 
articles. Among exports no commodity is so 
prominent as cotton manufactures among im- 
ports, but many commodities attain a high 
value. Until 1861-62, opium was the chief export; 
then raw cottoa obtained and held the lead 
until 1876-77, when opium regained its position. 
During the Eighties, raw cotton was, on the 
average, well in advance of other articles. 
In the earlter Nineties, seeds, rice, and 
raw cotton headed the list, while ic the 
later Nineties, cice was easily first, with 
raw cotton second. Most of the chief ex- 
ports have become important only in the last 
40 years. The stoppage of Russian supplies 
of hemp and linseed by the Crimean War 
stimulated exports of raw jute and oilseeds 
from India. The manufactures of jute and 
cotton developed still later. - The trade in rice, 
wheat, and seeds assumed much larger propor- 
tions after the opening of the Suez Canal.. Tea 
and coffee exports were trivial at the beginning 
of the Sixttes, and exports of hides and skins 
had aot become important. Indigo and opium 
have been prominent throughout the century, 
but they have long been unprogressive, while 
the other historic products, drugs and dye- 
stuffs, spices, sugar, silks, and saltpetre are 
now of smail value compared with newer staples. 
These latter comprise—(t) bulky agricultural 
produce for food or manufacture, which im- 
proved land and sea transport have enabled to 
be placed on the European market; (2) raw 
textile fibres (especially cotton and jute), the 
exportation of which .promises to decline 
through increasing home requirements; (3) 
antmal products, such as hides and skins; 
(4) peoducts, like tea, cultivated: mainly by. 
kuropeans; (5) manufactures, such as jute 
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and cotton goods, and tanned hides amd 
skins. The increasing proportion which such 
manufactured goods bears to the raw pro- 
duce exported is an encouraging feature. For 
the quinquennium to 1874-75 the exports of raw 
cotton, jute, hides and skins combined aver- 
aged Rs.221,560,000, while those of cotton 
and jute goods, and tanned hides and sk ns 
aggregated Rs.11,999,000. The correspond- 
ing figures fur the last quinquennium were 
Rs.250,270,000 and Rs.174,950,000. In other 
words, the raw produce increased only 13 per 
cent., as against a growth of 1,459 per cent. in 
the manufactured. That the latter will scoa 
outstrip the former isa tolerably safe inference. 
India’s agricultural produce is far more 1m- 
portant in the export trade than her mineral, 
forest, Or animal produce or her manufactures, _ 
though all of these have increased. Ia short. 
the Indian export trade has in 49 years greatly 
expanded in value, while changing its character 
in many respects. 

Rice has advanced gradually to the head 
of the export values, in spite of -occasional 
diversions to India during famines. In 
Burma, rice is largely cultivated for exportation. 
It forms three-fourths of the Burma exports, 
and rice alone gives Burma one-thiiteenth 
of the export trade of India. Formerly, tice 
was exported chiefly in the husk, but rice m'lis. 
with steam machinery, have been erected tor 
husking at the chief ports—a process which 
saves freight and secures a better price for the 
gtain. Indian rice is widely distributed. 11 
Europe, Germany and England take most. 
Large quantities go to Asiatic countri: s, and 
to various countries in Africa and Ametica 
where cookies are employed. especially 
Mauritius and Brazil. But India no longer 
has the unquestioned pre-eminence she once 
enjoyed, for Siam, Cochin-China, Java, and 
other countties export jointly about half as 
much as India, and their competition is grow- 
ing. Rice is subject to an export duty, the 
sole survival of many export duties levied 11 
the Sixties and Seventies. This duty of 3 annas 
per maund, equal to nearly 7s. a ton, raises 
prices in foreign markets and reduces demand ; 
hence its abolition, which Government have 
promised when the state of the finances permit, 
would stimulate production. Where a country 
has a monopoly of an article, the demand for 
which is intense, the export duty may fall, at 
least in ‘part, on foreigners. But the inoreas- 
ing competition with India in the rice: trade 
readers this less and less possible. : 

-Down to 1870-71 the: Indian wheat ‘rade 


Marck 29, 1901.] 


was insignificant, for high freights and 
damage from weevils forbade shipments round 
the Cape, not to mention an export duty of five 
rupees per ton, then equal to about 7 per cent. 
of the value. The opening of the Suez Canal 
and the repeal of the duty in 1873 induced a 
rapid development of the trade. Exports aver- 
aged 821,000 cwt. in the quinquennium ended 
1874-75, increased fourfold in each of the 
two succeeding quinquennia, and reached 
17,654,000 cwt. in that ended 1889-90. Since 
then a series of bad harvests have raised 
prices and restricted exports. Reduced rail- 
way rates, on the other hand, have greatly 
facilitated the trade, as wheat is mostly grown 
far from the coast. In the Eighties the idea 
prevailed that Indian wheat production had 
enormously developed, and that it was grown 
cheaply enough to flood European markets. 
But it has become apparent that Indian ex- 
ports reach a high level only when crop failures 
in North America or Argentina or Russia 
cause a sensible rise in prices, and when 
India has, at the same time, a surplus to 
spare. European demand is the chief 
factor in prices. When the wheat trade 
first developed its chief centre was Cal- 
cutta. But greater facilities of transport by 
rail and steamer have drawn the trade mainly 
to Kurrachee, which in 1899-1900 shipped more 
wheat than Bombay and Calcutta together. 
Mr. O’Conor has pointed out various con- 
trasts between the rice and wheat trades. The 
chief wheat areas are greatly subject to 
seasonal variations, whereas the rice areas 
mostly enjoy a favourable climate. Wheat 
goes mainly to Europe for use as food. Rice 
goes all over the world, and is used not only 
for food, but for distillation, starch, and other 
purposes. In the rice market of the world 
India is the chief competitor, while Indian 
wheat merely serves to fill up deficiencies in 
markets normally supplied from other sources. 
The demand for rice is fairly constant, 
and though potatoes, maize, &c., may be 
substituted for rice in distillation, the demand’ 
is not -likely to decline to any extent, 
so that fluctuations are mainly in supply; 
whereas wheat fluctuates widely as regards 
both demand and supply. It is not sur- 
prising, then, that in the ten years to 1899- 
1900 variations in rice exports ranged only 
from 24,000,000 to 38,000,000 cwt., while those 
in wheat were from 3,000,000 to 31,000,000 cwt. 

The export trade has been of great value in 
developing the growth of rice and wheat, and 
so ensuring a surplus, which in ordinary times 
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can be profitably sold abroad, or can be rı- 
served and utilised in time of famine. This 
potential reserve is far better than the crude 
and antiquated system of storage in granaries,; 
The bulk of the wheat and rice produced is, 
of course, consumed in India. Thus m the 
eight years to 1898-99, during which statistics 
are most trustworthy, the exports of rice were 
only 1-14th, and those of wheat only 1-10th of 
the yield. (See Table VI. of the Appendix.) 
Other great food - grains are exported in 
very trifling quantities. In famine times rice 
exports are partly diverted to distressed 
districts, while wheat exports almost cease 
—the normal rise in market prices due tø 
restricted supplies being quite as effective as 
an export duty in checking exports, while 
less artificial. It should be added that the 
agricultural returns show no encroachment cn 
the food area by seeds, cotton, or jute, 
the cultivation of which seems weprogres- 
sive. These facts dispose of the contention 
that India is being depleted of produce which 
she cannot afford to lose. That exports cf 
rice and wheat do not displace’. other food 
grains, or deplete Indian requirements, is’ also 
shown by the fact that exports ma brisk year 
do not raise the prices of other. food, grains. 
Recent sensational statements as to the 
diminished incomes of the people of India are 
absolutely valueless, for there are no statistics 
on which trustworthy estimates of mcomes 
can be based. Moreover, agricukural statistics 
even now are below the mark for British’ 
India, while, of course, the statistics for 
Native States are incomplete. Statistics’ of 
exports may, on the other hand, be regarded 
as very accurate, and they show that the exports 
of grain are comparatively small from the | 
Indian peninsula. The suggestion that rail- 
ways have intensified famines-by faciltatmg | 
the export of produce is best met by the: ques-' 
tion—what would have occurred during recent 
droughts over vast areas had there been ne 
railways to transport produce thither? - im 
Let us now pass to an article of supreme 
interest in the domestic economy of this 
country, viz., tea. Until 1862 Indian téa was 
grown only in Government gardens, seeds" aiit 
plants being distributed free te planters. © Itt 
1861 England took 1,250,000 lb., and "the 
British tea duty was 1s. 5d. per lb., graduaily 
reduced to 6d. in 1866. Cultivation in India: 
has greatly extended-—the area increasing in the ' 
last 15 years alone by 82 per cent., and the pib- 
duction by 161 per cent., in spite of a great anid! 
continuous decline in prices to the lowest pòint ' 
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orrecord. In 1899-1900, the exports reached 
175,000,000 lb. The lowering of prices, largely 
due to the constant pouring of tea into a 
limited market, has stimulated consumption in 
England, and latterly elsewhere. Moreover, 
the superior strength and quality of Indian tea 
have given it a popularity over other teas still 
lower in price. Since 1884 Ceylon, owing to 
many advantages, has severely competed with 
{ndia, and her trade has grown more rapidly. 
In 1887, England first took more tea from 
India than from China, which up to about 1860 
had practically monopolised the English 
market. In 1900, of the tea retained for con- 
sumption in England, 57 per cent. was Indian, 
37 per cent. Ceylon, and only 5 per cent. China 
tea. England, in 1899-1900, took g-1oths of 
India’s total export, while increasing quantities 
were sent to Australia, the United States, 
Canada, and elsewhere, either directly or 
through England. But the production, espe- 
cially of black tea, is increasing faster than 
consumption, and new markets are more and 
more difficult to find. Owing to the wider 
consumption of common teas, the present 
English tea duty is very heavy, being 
about roo per cent. of the value of medium 
teas, and 150 per cent. of the value of 
inferior teas, and, therefore, a very heavy 
burden to the poorer consumers. Among 
means proposed by Indian tea planters to 
redeem the trade from its present depressed 
condition are restriction of output, reforms in 
management and preparation, fine plucking to 
itaprove quality, reduction of the British tea 
duty, promotion of Indian native consumption, 
and preparation of green or uncoloured tea to 
meet the demands of the extensive American 
market. 

Coffee, which, like tea, has been largely 
«cultivated by European enterprise and capital, 
thas' experienced great vicissitudes. Specula- 
tion, bad seasons, insects, and leaf disease 
have caused wide fluctuations, and even in 
times of good prices no continued expansion 
"has been shown. Brazil, owing to her enor- 
mous exports of coffee at prices which have 
ae¢ached the lowest level recorded, completely 
<jeminates the world’s market, and Indian 
coffee serves only as a supplementary supply 
iim: ordinary years. If France imposes her 
waximum tariff on Indian coffee, it may be a 
‘inal blow to an industry which has suffered 
much. 

India practically monopolises the trade in 
Jute. In tħe quinquennium to 1864-65 the 
exports of raw jute averaged 1,750,000 cwt., 


while in that ended 1899-1900 they averaged 
11,670,000 cwt. While quantities have in- 
creased about sevenfold, values have grown 
about tenfold. But, like so many Indian ex- 
ports, jute is subject to violent fluctuations 
dependent on output, quality, and price; in 
fact, Mr. O’Conor has called the jute trade the 
most speculative in the country. The whole 
crop being grown on a limited area of Bengal, 
the season is the most material factor in the 
supply, all the crop being affected. Prices 
are also important, for if jute rules low the 
cultivator plants rice instead until a rise in 
prices of jute, owing to restricted supply, 
again prompts him to cultivate the fibre. 
During the Nineties prices advancedc onsider- 
ably on account of constant demands from 
Indian and European mills. 

Jute manufactures form now one of the chief 
Indian industries. Hand-woven gunny bags 
were exported over a century ago, and not till 
the early Seventies did power-looms, first used 
in 1857, supersede the hand-looms to a large ex- 
tent. Inthe five yearsto 1874-75 the exports aver- 
aged Rs.2,330,000, but in the quinquennium 
to 1899-1900 the value reached Rs.55,910,000. 
The last quinquennium showed an increase of 
no less than Rs.24,140,000 over that which 
preceded, while exports of raw jute grew 
simultaneously by Rs.8,390,000. Jute, raw 
and manufactured, is now the leading com- 
modity in the export trade. The returns, too, 
are incomplete, since they cannot take account 
of the large quantities of bags and cloth sent 
out as coverings for rice, seeds, cotton, and 
other produce. In the last few years the 
demand for jute cloth has greatly extended, 
exports being ten times as large as they were 
ten years ago, more than one half going to the 
United States, which also takes much raw jute. 
Australia is the best customer for gunny bags. 
England takes large supplies of raw and 
manufactured jute, partly for re-export, over 
43,000,000 worth being reshipped in 1900. 
The wide distribution of jute and jute goods 
resembles that of rice. 

The number of jute (with hemp) mills in 
India has grown from 22, with 71,000 spindles 
and 4,900 looms in 1879-80, to 34 mills with 
281,000 spindles and 13,000 looms in 1898-99. 
Calcutta, the centre of the industry, has the 
advantage of cheap and abundant labour and 
fuel, raw material produced close at hand, and 
a market in which the products are required 
for local consumption or for exportation. 

There has always been a steady trade in 
hides and skins, which has increased with 
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greater care in their utilisation. The exporta- 
tion of tanned and dressed hides and skins has 
greatly increased since the removal in 1871 
of an export duty which did not affect the raw 
material. Itis a sign of industrial progress 
that while the raw article has advanced in 
20 years from 624,000 to 907,000 cwts., the 
dressed and tanned have grown from 179,000 
to 339,000 cwts. The United States takes 
most of the raw skins, while most of the raw 
hides go to the Continent. The trade cannot 
always be regarded with satisfaction, for it is 
most brisk when cattle mortality, due to famine, 
is most severe. In the last five years the trade 
in hides has been unprecedented, no less than 
100,000,000 hides of buffaloes and oxen being 
exported as against 43,000,000 in the previous 
five years. But only 117,000,000 skins of 
sheep, goats, and other small animals were 
exported as against 140,000,000 for the same 
periods. Cattle mortality also renders 
possible large exports of horns, as well as of 
animal bones, which are crushed in mills at 
the chief ports. 

Only a brief reference can be made to opium. 
In 1859-60 the exports were nearly 59,000 
chests, valued at Rs.go,500,000. Twenty years 
later the trade reached its maximum of 
105,000 chests at Rs.143,250,000. In the last 
quinquennium exports averaged 63,000 chests, 
valued at Rs.75,820,000. The average prices 
for the four last quinquennia have been 
Rs.1,332, Rs.1,176, Rs.1,170, and Rs.1,219 per 
chest, respectively. In 1898-99 and 1899-1900, 
the declining trade revived, owing, it is said, 
to deficient supplies of home-grown Chinese 
opium. As the latter, however, is increasingly 
produced at lower prices, the general 
downward tendency of the Indian drug 
is probably suspended only for a time. 
Benares opium has recently shown most 
progress. 

Indigo, almost from the first a leading article 
of British Indian trade, has lately excited 
interest on account of the attacks made upon 
it by chemical substitutes. The best indigo is 
cultivated under European supervision in Bihar. 
The crop is subject to great vicissitudes, which 
affect both quantity and quality, and cause 
wide variations in price. The competition of 
aniline dyes since the Seventies, together with 
change of fashion, has long made the European 
demand for indigo inelastic, in spite of the 
enormously increased amount of dyeing to be 
done. Just as aniline and alizarine dyes have 
driven out madder and lac-dye and other 
Indian dyes, so have they kept down the 


demand for, and the prices of, indigo. But 
the latest enemy, a real indigo, chemically 
produced, threatens to destroy the trade, if, as 
is claimed, the synthetic indigo can be pro- 
duced at commercial prices. In recent years 
the area sown in India has fallen, while prices 
have declined from Rs.267 per maund in 
1895-96 to Rs.192 in 1899-1900, when there 
was a marked fall in exports to the 
Continent and the United States, which used to 
buy largely. The Indian planters are new 
making great efforts to increase the output 
and improve the quality of the dye, but the 
Bihar Sugar Committee report that the future 
of indigo is precarious, and warn planters to 
study other resources. The partial substitution 
pf sugar for a crop so uncertain and speculative 
will not be an unmixed evil. 

Of the remaining exports, none exceeds 
ordinarily Rs.15,000,000 per annum. Raw woo} 
is the chief. Change of fashion and European 
competition have reduced exports of fine hand- 
woven Indian shawls; carpets and rugs, ‘also 
hand-woven, have become the leading articles 
in the woollen exports, an expanding trade. 


‘Bengal raw and manufactured silks were once 


famous, but the raw silk now produced is 
inferior, and is only in demand abroad when 
the main sources of supply have failed, while 
the exports of silk goods are also unexpansive, 
and of low value. Silk culture and manufac - 
ture both need the application of modern 
methods. Saltpetre, always a prominent 
export, was severely injured by a heavy export 
duty, which was imposed in 1860, on the ground 
that India had a monopoly. It raised prices and 
led to a wide use of substitutes. Cocoanut oil, 
coir manufactures, and other products of the 
cocoanut palm are increasingly exported from 
Madras. Exports of tobacco are generally 
unprogressive, though cigars from Madras. 
have increased. Among forest products, teak 


exports have fluctuated widely owing to forest 


restrictions and Siamese competition, and to 
great variations in demand for shipbuilding and 
railways. Spices are still important in Indian 
trade, especially pepper and ginger, but' India 
has to compete with the whole East Indies, 
and as the demand is inelastic, prices are low. 
Exports of lac manufactures are an old, 
speculative trade, of which India once had a 
monopoly; the year 1900 was a record one. 
Among minor exports showing progress are 
rice-bran and oilcake for cattle-food, pettoleum, 
paraffin wax, mica, manganese ore, coal, 
bristles and fibres, provisions, and paper-mak- 
ing materials. 
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. RE-EXPORTS. 

‘Re-exports by sea form about 5 or 6 percent. 
of the total imports. The items are many and 
yarious, . by far the most important being 
European cotton goods and metals shipped to 
the Persian, Arabian and African coasts. 
Ivory, gums, spices, pearls, wool, &c., coming 
f:om those coasts are largely re-exported to 
England. Re-exports rose to Rs.45,600,000 in 
the quinquennium ended 1894-95, but have 
since declined, partly owing to the diversion of 

tza for Central Asia from the Persian Gulf to 
Batoum. 


Ceylon direct to the Black Sea. The loss of 
this trade, and the prevalence of famine 
and plague in Bombay, which, with Kurrachee, 


has 94 per cent. of India’s re-export trade, 


have much reduced the enźrepóć business. Its 


2vival is doubtful, as direct communications — 


with Europe are increasing. 


GOVERNMEAT STORES. 


‘Government stores have steadily expanded 
from an average of Rs.15,140,000 in the quin- 
quennium ended 1874-75 to Rs.41,280,000 in 
thatended 1899-1900. Railway stores, already 
dealt with, form about one half of the total, 
while metals and metal manufactures for mak- 
ing arms and ammunition in India are leading 
items. Articles of this kind account for the 
growth in the imports of Government stores. 
Official orders have been issued that stores 
shall be purchased in India so far as con- 
venience and economy permit, and this policy 
has been largely applied in many classes of 
goods, such as liquors, blankets, boots, carri- 
ages, waggons, &c. But most of the stores 
now supplied must come from England until 
extensive steel and ironworks are established 
ia India. 


PRICES. 

Since the quinquennium 1861-5 prices of im- 
ports generally have fallen considerably. Grey 
shictings and yarns have declined 50 per cent. in 
30 years. Thus the natives can now purchase 
twice the quantity of these and similar com- 
modities foc the same outlay. In metals there 
has been more fluctuation, with a recent 
tendency to rise. Kerosine oil has fallen con- 
siderably tn price. Among exports we finda 
general downward tendency in raw cotton, 
cotton yarn, and cetton piece-goods, as well as 
ia opium, indigo, and tea, while rice, wheat, 
jute and jute goods, seeds, hides and skins, 


Subsidised steamers of the Russian - 
volunteer fleet now take the tea from China or ; 


have, on the whole, moved upwards. High 
local and customary prices have tended to dis- 
appear before the levelling influence of rail- 
ways, and prices generally are now regulated 
by a greatly increased demand and a wider 
competition. In Table VII. of the Appendix 
will be found index numbers showing variations 
in the wholesale rupee prices of leading 
imports and exports for thc last 40 years. 


TREASURE. 


Pliny called India the sink of the precious 
metals. Certainly an influx of gold and silver 
has gone on for many centuries, and this 
curious and interesting feature still survives. 
The expenses of the Mutiny and purchases of 
raw cotton caused abnormal imports in the 
Sixties, when net gold imports amounted to 
Rs.§99,400,000, and net silver imports to 
Rs.g70,000,000. Famines in 1878-79 and cur- 
rency speculations in 1892-93 and 1893-94 
reversed the normal course of events by causing 
an efflux of gold.’ The heaviest imports of 
silver were in the ten years ended 1894-95, 
while the largest imports of gold were in the 
five years ended 1899-1900, when the yearly 
net imports ‘averaged Rs.51,000,000. In 
recent ‘years hardly any gold except that from 
Indian mines has been exported. 


SHIPPING AND FREIGHTS. 


The opening of the Suez Canal has con- 
tributed to reduce the number of sailing 
vessels in the foreign trade, and increase the 
number of steamers. The average tonnage of 
Indian ships has steadily grown. Sailing 
vessels, though having only g per cent. of the 
total tonnage, are very numerous, being largely 
employed in trade in the Indian Ocean. But 
steam tonnage is increasing in the Asiatic 
trade. Imports pass through the Suez Canal” 
to a greater extent than exports, as the latter 
are largely consumed in Asiatic countries. Of- 
the total tonnage in the foreign trade 81 per 
cent. is under the British flag, but in the last 
25 years vessels under foreign flags, especially 
German, French, and Austrian, have greatly 
increased owing to the growth of direct steam- 
ship services. The heavy fallin freights in the 
last 30 years has especially stimulated the 
exportation of grain and other bulky com- 
modities. Reduced freight rates were an 
important factor in increasing cotton yarn ex- 
ports to China. Improvements in the con- 
struction of steamers and the invention of fuel- 
saving machinery have tended to cheapen 
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freights, and the rates for long voyages have 
diminished in greater ratio than those for 
short ones. 


TRADE WITH COUNTRIES. 


The trade returns show not the prime origin 
of imports or the ultimate destination of exports, 
but only the countries from or to which goods 
are actually shipped. Thus in 1899 Switzer- 
land sent to India about £300,000 of cotton 
goods, but no Swiss goods appear in the 
Indian statistics, as the ports of shipment were 
probably Italian or French. In 1875-76, when 
countries were first classified as at present, 
England, China, France, Ceylon, and the 
Straits, were most important, and England and 
China still head the list. Table VIII. shows 
the trade with the chief countries for the last 
25 years, while Table IX. shows the trade with 
the various continents every fifth year, from 
1879-80, each Table dealing with merchandise 
only. | 

Europe has by far the largest share of 
Indian trade, taking 634 per cent. of 
the total trade in 1899-1900, but for 10 
years there has been no progress, for though 
imports from Europe have grown, exports 
to Europe have steadily fallen. The Asiatic 
trade has progressed, especially in exports, 
and is now 234 per cent. of the total. 
African trade has increased, partly owing to 
increased exports to Egypt, whither goods 
for Europe go to await orders. The American 
and Australian Continents have taken more 
exports. The trade with these continents 
and with Europe is most largely carried on 
by Calcutta, while Bombay has a much 
greater Asiatic and African trade. 

The United Kingdom has become less im- 
portant both as a central mart for Indian 
produce and as a depét for the export of 
Continental goods to India, owing to the Suez 
Canal and to the direct steamship services, 
which save foreigners freight and various 
agency charges. Nevertheless, the eztyesot 
trade remains important in jute, jute goods, tea, 
and many other articles which England distri- 
butes for India, while goods, individually of 
minor importance, are still re-exported to India. 
The decline in British Indian trade, absolutely 
andrelatively, during the last two quinquennia, 
is probably explained in part by the falling off in 
this emporium business, especially in rice, raw 
cotton, and seeds. The ability of direct foreign 
steamers to obtain cargoes both ways will tend 
still further to reduce this trade. In 1899-1900 
England sent nearly 7o per cent. of India’s 


| 
7 
| 


imported merchandise, and took over 2g per 
cent. of the exports of Indian produce. England 
manufactures most largely the articles of per- 
sonal use and attire and domestic consump- 
tion required in India. On the other haud, 
many large and valuable exports (e.g., opium 
and raw cotton) do not come to England at all, 
or come only in small quantities. 

In the quinquennium to 3899-2900 Chima 
took 13 per cent. of India’s exports and sent 
24 per cent. of her imports, against 12 per cent. 
and 4 per cent. respectively in the previous 
quinquennium. The trade is unprogressive, for 
the increase in cotton yarn exports to China has 
been counterbalanced by a fall in opium and 
raw cotton. In 1897-98 cotton yarn exports first 
exceeded those of opium in value. Imports 
from China have been chiefly raw silk and 
piece-goods, and lately sugar. | 

In recent years the Continental trade with 
India, which after the opening of the Suez 
Canal seemed likely to centre in Mediterranean 
ports, has shifted more tothe North Sea, owing 
to the great industrial development of Germany 
and Belgium. In 1874-75 direct trade between 
Germany and India was insignificant, though 
a variety of cheap wares went through Eng- 
land. German steamers now take to India 
many goods, especially sugar, hardware, and 
salt, and bring back a largely increasing 
quantity of Indian produce. Until ihe quin- 
quennium ended 1894-95 France was wel] ahead 
of all other European countries, but has since 
fallen below Germany through a great dectine 
in her purchases from India. Imporis from 
Belgium, like those from Germany, did not 
develop considerably till the later Eighties. 
They are mainly metals, dyes, and glass, and 
are larger and more progressive than those of 
Germany, but her purchases of Indian com- 
modities are smaller. The total trade 
with Austria-Hungary has steadily grown, 
largely on account of sugar imports, while 
apparel, cotton and woollen goods, and glass 
are rather important. This development is pro- 
bably due to the subsidised steamers of the 
Austrian Lloyd’s. Trade with Italy has de- 
clined. Taking together the trade of the five 
continental countries dealt with we find that in 
the last quinquennium imports increased 39 
per cent., while exports fell 13 per cent., due 
no doubt in part to drought and plaguc. In 
the earlier quinquennium exports were nearly 
five times the imports, in the latter only three 
times. Germany and Austria have advance 
most in imports, largely owing to their in- 
creased shipments of sugar, while other goods 
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showing progress are apparel, cotton and 
woollen goods, glass and glassware, dyes, 
liquors, hardware, and metals. The continental 
countries take from India chiefly raw cotton, 
rice, raw hides, seeds, jute, wheat, and indigo. 

The trade with the United States, though 
increasing, is small. Petroleum forms more 
than half the imports. Exports are growing 
satisfactorily. About fifteen years ago Japan 
had a trifling trade with India in taking cotton 
twist. But yarn has been replaced by a much 
larger trade in raw cotton, which forms four- 
fifths of the exports to Japan. Imports are 
chiefly silk goods (very popular in Burma), and 
matches. 

Among miscellaneous branches of commerce 
are the old historical trade withthe Persian Gulf, 
which passed to England from the Portuguese 
navigators, and the trade with Port Said, 
whither large quantities of rice, wheat, and 
seeds go for orders as to delivery in continental 
ports. 

With the British colonies trade is varied 
but not very large. There is a considerable and 
increasing trade with Ceylon, which is practi- 
cally coasting trade. An extensive traffic is 
carried on with Singapore, Aden, Hong-kong, 
and Zanzibar, but these are mainly receiving 
and distributing centres for the neighbouring 
regions. To Australia gunny bags and tea are 
sent in considerable quantities, horses being 
importedin return. Mauritius sends sugar and 
takes grain and cotton goods. With Canada, 
Cape Colony, and Natal the trade is com- 
paratively unimportant. 


FOREIGN COMPETITION WITH ENGLAND IN 
INDIA. 

We cannot quit the subject of trade with 
countries without reference to the vexed ques- 
tion of foreign competition. Those who employ 
the percentage fallacy in dealing with trade 
could make out a serious case as to the relative 
loss of English trade and the gain of other 
countries. But while direct trade with foreign 
countries has advanced rapidly, their absolute 
trade is still comparatively small. Thus, if we 
compare the imports for the quinquennia ended 
1879-80 and 1899-1900, we find that the imports 
from Austria-Hungary, Belgium, France, Ger- 
many, Italy, and the United States combined 
fhave increased by 629 per cent., while those from 
England increased only 61 per cent., but the 
actual growth in trade of these countries com- 
bined was only Rs.80,860,000, while that of the 
United Kingdom was Rs.195,950,000, or nearly 
twice as great. When we consider that the 
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growth in the trade of those countries was at 
least partly due to the substitution of direct 
trade for indirect trade through England, 
the apparent gain is diminished. On the 
other hand, though the fall in imports from 
England in the last quinquennium was not 
serious, the exports declined again after a fall 
in the previous quinquennium, doubtless due in 
part to famines and other troubles. The 
increased imports from the European continent 
and America have arisen mainly through those 
direct steamship services which have enlarged 
the export trade with the countries just named 
from Rs.107,000,000 to Rs.296,760,000, in 20 
years, though again allowances must be mafle 
for indirect trade. The chief complaints of 
competition have been in metals and metal 
manufactures. In iron and steel Germany, 
and especially Belgium, have certainly broken 
down the practical monopoly formerly possessed 
by England. Probably some goods still sent 
as English are really foreign. In any case, 
Belgian and German consignments of these 
metals have, owing to their cheapness, greatly 
increased. Thus, in 1883-84, Belgium sent 
only 87,000 cwt. of iron, and 11,000cwt. of 
steel. By 1895-96 these quantities had grown 
to 1,379,000 cwt. and 936,000 cwt. respectively. 
But iron fell to 664,000 cwt. in 1899-1000, 
while steel, after exceeding 1,000,000 cwt. in 
1897-98, and far outstripping English supplies, 
fell as low as 501,000 cwt. in 1899-1900. Imports 
of iron and steel from Germany similarly rose 
and declined, though they were always on a 
smaller scalethanthose from Belgium. But part 
of the Belgian imports may have emanated from 
Germany. During the same period British 
iron fluctuated considerably, with a downward 
tendency, but steel, on the whole, has tended 
upward, 1897-98 and 1899-1900 showing the 
highest figures recorded. New competitors in 
iron and steel are the United States, which, in 
1898-99 and 1899-1900, sent 92,000 cwt. of iron, 
and 260,000 cwt. of steel direct, while further 
American supplies pass through the United 
Kingdom. Austria-Hungary is also sending 
iron and steel. Some stir was caused by 
imports of steel rails from America in 1897-98, 
but the imports of railway stores from other 
countries than England have been com- 
paratively small, and have turned on lower 
prices and quicker delivery. America is send- 
ing locomotives and other engines, boilers, 
agricultural and pumping machinery, &c., but 
the total is nothing extraordinary. The mis- 
cellaneous head of hardware and cutlery, 
including a great number and variety of 


Afarch 25, 1901.) 


articles, has largely grown during the last 20 
years, in which German and other competition 
in cheap articles has become active. By 
taking the averages for each of the three last 
quinquennia we find that the proportions of the 
trade held by the United Kingdom were 
respectively 92, 82, and 78 per cent., and by the 
three chief competitors, Germany, Austria- 
Hungary and Belgium combined, 6, 15, and 20 
per cent. in those quinquennia respectively, 
while 1899-1900 showed 22 per cent. for these 
coantries. But, again, the question of substitu- 
tion of direct trade must be borne in mind, and 
still more the question of absolute growth. We 
find accordingly that while the trade of the 
United Kingdom has increased by Rs.2,632,000 
in ten years, the other three countries together 
have increased by Rs.2,392,000, the most 
noticeable growth being in German goods. 
These continental articles are doubtless ad- 
vancing on account of their great cheapness, 
which commends them particularly to the 
poorer natives. Austria-Hungary monopolises 
enamelled ironware. The United States sends 
more hardware and electrical goods. Of other 
goods we find records of the increasing use of 
continental hosiery, cotton and woollen goods, 
and ready-made clothing. 

In papers presented to Parliament in 1897 
it was stated by the Government of India that 
the preference for foreign goods arose from 
their being cheaper, superior in quality and 
Gnish, more suitable in style or pattern, and 
generally better adapted to Indianrequirements, 
tastes, or prejudices, as well as better made 
up or packed. Some foreign goods are taken 
also because they are produced more largely on 
the Continent than in England. Thus France 
has a pre-eminence in certain kinds of apparel. 
For many articles—mineral dyes, brandy, 
wines, &c.—England is herself dependent on 
the Continent. Again, a varied assortment 
of articles are of kinds which England does 
not make, e.g., cheap Swiss watches and 
American clocks are purchased by na- 
tives who cannot afford English goods. 
The foreign cotton goods imported are 
generally of special and cheap sorts, 
mostly printed and coloured. In silk goods, 
pure or mixed, of course, England has 
little capacity for competing with France 
and Italy, China and Japan. In earthenware 
and porcelain, in glass and glassware, Belgium, 
Austria, and Germany all compete actively 
with England by supplying articles which are 
sufficiently good at cheap rates. Beer, salt, 


cement, and candles are among other articles ; 
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in which foreigners compete. Recentlyan enter- 
prising Chamber of Commerce sent a com- 
mercial mission through the comparatively 
barren and sparsely - peopled province of 
Yunnan in China to seek new outlets for trade. 
Has any Chamber of Commerce yet considered 
the far more useful idea of systematically 
investigating the precise needs and tastes of 
the multitudes of India ? 


THE GROWTH OF INDUSTRIALISM IN INDIA, 
AND ITS INFLUENCE ON TRADE. 


Although India has been severely handi- 
capped in competition with great industrial 
countries possessing capital, enterprise, and 
skilled labour, the growth of her mill industries 
is already influencing trade. The industrial 
revolution, though opposed by the strong forces 
of tradition and primitive custom, will inevit- 
ably substitute in India, as it has done in 
Europe, steam or electrical machinery for 
manual labour. The machine age, in fact, has 
long ago begun in the great towns, as we see from 
the unexpansive imports of cotton goods, and 
from the increasing exports of cotton and jute 
manufactures. Mills are constantly springing 
up in new centres. Recent statistics show 
that in the world’s cotton industry the greatest 
relative growth is in those countries where 
cotton is a staple crop, as in India and the 
United States. In fact, the path of economy 
clearly lies in manufacturing raw materials 
near the place of production, for heavy trans- 
port and agency charges are thus avoided. 
By manufacturing her cotton and jute India 
can reap the various economies and the in- 
creasing returns which result from production 
on a large scale. But she needs more skilled 
Operatives, for her mill-workers still halt 
between the field and the factory. Perhaps 
another generation may witness a caste of 
factory workers, who can spin fine yarns and 
weave fine cloths, and not restrict themselves 
to coarse cotton yarns and piece-goods or 
to the simpler jute goods which alone are 
produced now. Already India has almost 
expelled English yarns from China, while her 
coarse piece-goods are competing in Asiatic 
and African countries. This is due in part to 
her geographical position, as well as to her 
powers of economical production. But these 
advantages still more favour the development 
of fine cotton manufactures for the supply of 
her own people, and England may soon find 
that India is her severest competitor in Indian 
markets. 
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There is much scope for industrial develop- 
ment in connexion with many articles of trade. 
Oilseeds are crushed on a small scale, but vast 
quantities are exported which‘could be profit- 
ably crushed in India, the oil being exported or 
worked up into soap, &c., and the oil-cake 
retained for cattle food or manure. The ex- 
portation of seeds involves heavy freight 


| 


charges, and they are liable to waste and | 


damage. Cotton seed is awaiting utilisation 
by oil mills. The tanning and dressing of 
hides and skins, already practised largely in 
Madras, might be extended, and the leather 
used in manufacturing boots and shoes, saddlery 
and harness. The woollen and silk industries 
turn out. mainly coarse goods of small value, 
but improvements are possible. The supply of 
Indian carpets can be greatly extended. Simi- 
larly, much may be done to encourage the 
production of sugar and tobacco, glass and 
paper, while flour milling can be conducted on 
a larger scale. The application of capital and 
enterprise would improve the quality of these 
and other articles. A large number of minor 
articles now imported could easily be made in 
India. We may lament the decay of the 
artistic skill of the Indian hand-loom weavers, 
but under present conditions the cheap pro- 
duction of necessaries of life by machinery has 


become paramount. In India, we can only 


‘look for a new and spontaneous artistic 


impulse such as William Morris gave to the 
machine age in this country. 

India, then, needs European capital, energy 
and enterprise for the utilisation of her mani- 
fold resources, and for the more diversified 
employment of her increasing population. 
Her power of buying large quantities of 
foreign goods depends on her agricultural and 
industrial development, for though new in- 
dustries would lead to the restriction of trade 
in some directions, expansion would appear 
in others. Fluctuations in exchange can no 
longer be urged as a bar to investments 
of capital in India by the gold standard 
countries, which alone have much capital to 
invest. 

England has occupied enormous tracts of the 
earth’s surface, but none so rich and yet so 
poor as India. The epoch of imperial expan- 
sion is passing away, and the time is ripe for 
imperial consolidation—for that development 
by mutual aid by which alone it is possible 
to ‘“‘build up this Britannic Empire to a 
glorious and enviable height.” Can English- 
men do better than direct their energies 
to India. where the field is already pre- 
pared ? 
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TABLE I. 


Total Value (in millions of rupees and decimals of a million) of Merchandise and Treasure (Private and 
Government) Imported into and Exported from British India. Annual Averages of each Quinguennium 


Jrom 1859-60, and Increase or Decrease per cent, on each preceding Quinquennium, 
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TABLE II. 


Value (in millions of rupees and decimals of a million) of Net Imports of Private and Government 
Merchandise (after deducting Re-exports), Net Imports of Treasure, Exports of Indian Produce and Manu- 
Jactures and Bulance of Trade, 1870-71 to 1899-1900. (Vide Diagram based on this Table.) 


| | SESS, 

Exports of vue Ze 

í Total Re- Net Net Total Indian Balance of q cas 5 

Vear Imports of | exports Imports Imports Net Produce Total Trade |S a ma = 

er- | of Mer- fer- of I è and Trade. |(Excessof S sats 

chandise. ‘chandise.; cband:se. | Treasure. mports. | Manufac- Exports). So aS 

tures. LRS 
fa m 
1870-71 34469 17°80 32689 32°24 359°13 535'56 89469 176°43 33 
1871-72 32792 14°89 306°03 100°98 407 OI 617°01 1,024 02 210 00 34 
1872-73 318°75 17 87 300°88 32°58 333°46 £34°44 867°90 200'98 38 
1373-74 338°39 18°46 319'90 38°78 358 68 §31°36 8900 172°68 32 
1874-75 36222 , rt 34411 63°16 409°27 545°48 984°75 136° 21 25 
1 7§ 76 38852 | 1849 370° 43 31°00 401" 43 562'42 , 6 63°85 160°99 29 
1876-77 374°4¢ : 2041 353 97 74 06 428°03 58970 ' 3,017°73 161°67 27 
1877-78 4'4°64 — 20°C6 393°98 381°45 54543 631°§6 | 1,17699 86°13 14 
1878-79 37801 © 283 | 355 88 30°74 386't2 587°24 973°86 | 00°62 34 
1879-80 411°66 | 2 40o ` 38926 96°20 485° 46 649°73 1,135°I9 ¥64°27 235 
1880-t1 §31°17 | 25°67 | 80550 75 48 5§80°98 52913 1,3011? | 139 T5 FQ 
1883-52 491°33 26 61 464°52 102° 23 §66°75 79308 | 1.359°83 226° 33 29 
1832- 3 520 96 28°67 492°29 12411 616 40 806°18 1,422°58 189°78 24 
1883-84 552°79 | 30°80 £21°99 118°68 640°67 850°06 1,491°63 a10°29 25 
1884-85 55703 | 29°05 527°98 119°%7 647°15 803'50 1,430°65 156° 35 t9 
1885- 86 5:6°56 | 3rTy 525°42 143°69 669° 11 807°67 1 476°78 38°56 17 
1886-87 617°77 35°32 582°45 93°33 675°78 8 39°38 1 §25°16 273'60 30 
1887-88 630°05 : 423 608 82 122°21 73103 864°20 | 1.50523 13327 15 
1888 - 89 69440 43°62 650 78 120 61 771° 39 926° 87 1,698°26 155°48 17 
1889-90 69197 | 4334 648 73 15583 | ' 804°26 991°37 | 1.795°63 8771r | 19 
1890-91 719°75 42°70 677 05 16811 875°16 950°57. : 1.83473 84°42 ° 
191-92 694°32 45 68 648°64 114°36 763°¢o 103606 | 1,799°06 273°06 26 
1892-03 662°65 46 16 | 616° 49 100 5I 717°00 1,019°79 1,73679 302'79 jo 
1893-4 770°21 44°53 72568 14361 869° 29 1,020'51 | 1,889 °80 ISI 22 rs 
1894-95 735°29 5088 | 684 41 13°58 | 697°96 | 1,03826 1,7 6°22 340°30 33 
1895-96 729'37 47°41 | 6"1°95 91 08 77304 ° | 13,095°94 | x ,8¢8°98 322°90 29 
3896-97 61°17 4064 | 74053 81°47 f02 00 999° 20 1.801°20 197°22 20 
1%97-¢8 736°47 3815 | 693° 32 133 82 8321; 93817 | 1.7°9°31 106 03 | Ir 
1898-99 *21OI 33°97 687'°n4 104 84 791 88 1,094°03 1,855'91 302 15 at 
18ga- 1900 75301 33°39 | 20 


719 65 130°17 849°82 1,057°44 1,907 26 207°62 


| 
| 


N.B.—The figures for the five years 1870-71 to 1874-75 are slightly uncertain. 


TABLE III. 


The Indian Cotton Trade: Imports, Exports, and Re-exports. Average Annual Quantities and Values 
in each Quinquennium from 1870-71. 


QUANTITIES. 
1870-71 to | 1875-76 to | 1880-81 to | 1885-86 to | 189 -91 to ! 1895-96 to 
1874-75. 1879-8). | 1884-85. -90. 1834-95. | 1899-1900. 
Imports of raw cotton ... ... ... 000 cwt. 23 §2 | 51 | 74 89 89 
Exports ” tee eee os 5,236 3,988 ! 5,477 | §,330 4,660 45794 
Imports of twist and vata: we ... Million Ib. 33°55 33°55, 44°34 49°09 43°79 48°60 
Exports i Kee, ais j 2'01 15°39 | 43°77 110°87 162°53 208712 
Imports of manufactures— 
Piece-goods: Grey ... ... ... million yards 731 875 | 1,115 1,250 1,243 1,°94 
White ...0 2.04. i 148 200 AS 346 400 408 
Coloured, &c. ... s | 125 . 164 E 376 376 364 
Exports of manufactures— | ; 
Piece-goods (all sorts) ... 00.0... 00. eae 12 19 | 41 61 76 72 
Re-exports of manufactures — | 
Piece-goods all sorts) ... 0.000. ek eee . §0 55 | 6 S 93 74 
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TABLE III. (comtinued.) 


VALUES : IN MILLIONS OF RUPEES. 


E A ' 1825-76 to | 1880-81 to | 1885-86 to | 1890-91 to | 1895-96 to 
N 75- 1879-Bo; 1884- “8. 18 4-95. | 1899-1900. 
Imports of raw cotton he nigh Sid. tegen Sees a | 1'27 1'22 1°08 2'12 2°02 
Exports „ č ,„ eaen eee Sti, Gade ie 16645 1c6'93 343°79 144°74 124°00 11409 
Imports of twist and yarn... 0.0... 0... we | 2839 | 2781 34°25 34°60 31°85 29°58 
Exports ” ” Me Bee Se, Ris ast 25H 1°06 | 6°62. 17°67 42°25 &9°47 68°75 
Imports of manufactures ... 2.00...) 10. cee oe) 15355 | sd °62 215°91 250°07 268°90 247°59 
Exports mA sus, 322 ' 4°65 7°71 10°30 12°99 13°35 
Re-exports of cotton yarn and aunalactiees Seo 10°21 | 11°23 13°30 16°72 | 19°02 14°93 
alue of total imports... ... ses see cee see ee]  182°74 190°70 251°38 280° 35 302°87 279°19 
‘3 ss “CORPO: Sie as Sek Wee ooo ws 170°73 11820 16) 17 197°29 196° 46 196'19 
” oo TeE-exports ... 2... ose cee vee vee 10°21 11°23 13°30 16°72 19°02 14°93 
Grand total, value... ... .. 363°68 320°13 433°85 | §00°36 §18°35 490° 31 
ee ee ey ae a ae ie ae ce 
Percentage of exports to total exports of 
Indian seereWandier sss d 3 | ex Pa a= 2 a 
| 
Pesan nee or = Laport to total re- exports of ud 59 54 47 43 41 | 39 
ites 5 ot conton trado to t total trade in| 40 | 32 32 32 30 27 
Growth of mills— 
No. of mills in each fifth year 2.00... 0. oe. 48 58 81 114 143 186 
ooo spindles N ves eee eee ee] —-,000° 1,472 2,037 2,935 3,712 4,728 
000 looms 3 Oe ack et, ae 10° 13 16- 22 34 38 


* Estimated. 


TABLE IV. 


Quantities of the Principal Articles of Merchandise Imported and Exported (excluding cotton and cotton 
manufactures), Averages of cach Quinquennium from 1870-71. 


IMPORTS. 


1870-71 to 1875-76 to 1880-81 to 1885-86 to 1890-91 to 1895-96 to 


1874-75. 1879-80. 1884-85. 1889-90. 1894-95. 1899-1900. 
Iron ... .. ... «. ooocwt. 1,059 2,238 3,083 3,741 3,623 3,620 
Steel 2.0. wo. 5 33 &9 203 412 809 1,648 
Copper... ... as. j 216 301 451 494 465 275 
Sugar ae S ee ” 435 584 958 1,614 2,345 3,528 
Minera Oils ... million gals. E 3°03 16°44 35°60 63°90 75°86 
EXPORTS. 
Rice ... ... ... ... million cwt. 18°87 20°46 27°30 26°78 31°60 32°08 
Seeds... 0... 20. ose Sè 5'03 9°31 13°89 16°11 19°12 14°54 
jute, raw... ..  .. P 5°72 5°58 7°81 9°31 10°54 11°67 
» gunny bags .. No. in millions 6°44 35°96 60°32 79°98 120°74 176°21 
» cloth... ... million yards y 4°71 6°44 19°79 54°20 222°79 
Tea... ae eee os Million Ib. 17°13 31°64 55°39 87°16 119°46 154°32 
Opium... ... ... 000 chests 89 95 go 89 78 63 
Hides and skins, raw 00> cwt. bg 624 666 659 589 907 
or tanid ae a š 179 218 264 288 339 
Wheat... _..._... million cwt. ‘82 3°53 15°65 17°65 15°73 8°71 
Indigo... ae «.. OJO CWE 106 107 146 142 134 148 
Coffee... .. o vee s 370 i 334 348 324 281 256 


* Figures not shown. 
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TABLE V. 


Value of the Principal Imports and Exports (including Treasure and Government Stores and Re-exports) in 
millions of Rupees and decimals of a million, Averages of each Quinquennium from 1870-71.. 


IMPORTS. 


1870-71 to | 1875-76 to | 1880-81 to | 1885-86 to | 1890-91 to | 1895-96 to 
1874-75. 1879-80. 1884-85. 1889-90. 1894-95. 1899-1900. 


e es | ee e | ES | ee oea | -ġo A e 


Private Merchandise :— | 
Cotton Goods (including Varn) x soy seek eect BTO 189°43 250°16 284°67 300°75 277°%7 


Metals cs) ideo: cod. aaa sg ak. See abe Red! ade 24°51 34°27 43°86 49°06 56°05 56°54 
SUGAR eol eke teed ica Seed sendy Saas, “esd Se a 5°56 9°29 14°46 19°00 28°57 -36:87 
Mineral Oils... ... ss. EL TA n daa "39 2°15 7°28 15°46 25°64 32°27 
Machinery and Millw oe pest eee 7°12 9'21 13°21 | 17°83 22°99 30°40 
Railway Material d k li Ste ck f : : ; ; : . 
Companies een wi Š ee ae for} ; 6°57 | 8°56 yee sia 14°64 ace 
Liquors... ... eos wes Radek Saw aes RO RES 13‘2r | 13°22 13°27 14°39 14°46 16°35 
Provisions ... ... Baer Veen? See a i HEE esai 3°23 | 8°52 10°40 14°12 16°94 16°50 
Woollen Manutacturee ire WSs, Bue. ake. es | 6°08 8°54 ILJI I5'3I 17'07 15°14 
Hardware, Cutlery, &c. ... > - | ig l 4°44 72°6 | 9°87 12°48 15°04 
ce 2 ——_ eee omen | eS 
Government Stores :— | | i 
Railway Materials and Rolling Stock ... .., 2°69" 5°49 12°35 | 15°45 11°77 23°20 
Other Stores oo. oo. cee cen e wee tee | 12°45° — 11°81 11°95 | 14°72 19°97 18°08 
Total | 15°14 17°30 24°30 ! 30°17 31°74 41°28 
Treasure :— | | 7 
Silver ui hee eee, hana eae eke, ate Oke 45°58 | 88°86 73°32 108 62 128-81 97°52 
Gold- is ser wur yer sver eee, deo Tin A e 25°45 16°75 | 47°74 34°70 34°61 74°18 
ER ks Stay (epee scale) erro NE DSS ENTE [EE ERA 
Total š | 71°03 10561 | = 121°06 ? 143°32 163°42 171°70 
| | | . 
EXPORTS. 
Rico e e See Gee a a ade G i 49°56 | 70°91 l 82°79 90°80 12572 132°20 
Cotton, Raw ... ... basi" ane? wae sac 166°45 10693 143°79 144°74 124°00 114°0Q 
», Goods (including Varn) a, ees eke etc 428 ` 11°27 25°38 §2°55 | 72°46 82°10 
Seeds... oe cee wee cee tee ee tte nee 26°71 . 55°00 80°86 97°44 | 128°27 96°54 
Jute; Raw ak pie ads. Hebe ES eee is ace. ng, 35°04, 34°26 4813 ` 63°60 | 82°a9 g1°38 
» Manufactures 2... 0... eee ewe | 233 | 8°55 13°19 18°78 31°77 55°91 
Tea coe? it GY AGO oir va ara Se. a. eee: 15°67 28ʻ02 36°98 49°51 63°24 81°97 
Opium... a eee ee 117°75 126°49 119°38 = 105"or 90°33 75°82 
Hides and Skins, Raw thee Lge ety tech 20'07 ' 18°75 23°4r | 24°52 25°23 44°80 
. » Dressed or Tanned . wie ees 5°46 14°32 20°03 | 24°69 39°44 36°94 
Wheat bie (Sls dens Wea. sie ses ses, ee. ae, T 3°65 14°70 6628 |; gror 71°24 39°44 
Indigo sir ono sie ter ase der gas au cass! wes 32°88 30°48 41°41 38°35 38°71 36°89 
Coffees s go ae min a ae ioi Ate eee 1219 14°96 14°25 Issi | 19°29 r707 
Government Stores se at "6 | “44 62 60 | Ke) 85 
Treasure :— | 
Silver acc av ee tes Ga es be da daca AOR | 6°32 | awg i rz 16°59 40°59 
Gold. ma eo thet a. BR wag BRS Ge ie e 2°14 | 10°60 | 6r 3°98 32°80 22°84 
Total ... ... | 17°22 | 28°92 13°12) 16°25 49°39 63°43 
Re-exports 0.000 ce tee ee | 17°43 20°63 27°86 j8'6u |! 45°60 38 33 


-—_—_— - ae ee ee n ee ee — 


® Figures imperfect or not distingu‘sked. 
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TABLE VI. 


Area under Chief RR ga in British India and a adie 1884-5 to 1898-9. 


{ 
Food grains. Secds. | Cotton. Jute. 
C ee ee a Ex 

Area ; Yield. , Exports. | Arca. | paris | Area. Yield. Sar, Area. Yield. ports. 
a ; oe ees ear nara i pi De a A 
2a sA! ms! xe ;@: 4. ge, a ae eu ee} 3. 2. i) A 
| gE Jeb ESSE SSS] E8e góp tgg| SE | SE | Se | sei se | SE | S418 

‘Mae |Ses Sia gag Seo | eee £62, Bs | Bs (ES |S (BE Ba 2e'2 

Mas Pas 003s *S5 |233 “Se Rgl s | Ss | Be) 35 | S35 | Se 2% ER 

= | og et jase os 

| 
1884-3 x 19'7° s | z > 22'I 15°8 7°5° 18°3 8's i 5'r e | œ 84 
1885-6 e 19°8° s '> ® 28'2 au" | 80° 17°3 8°7 > 4°2 ° | = i 78 
1886-7 ? 18°3° : ie : 269 — 273 | 76°| 159 | Kor e sy | ° E | 83 
1887-8 s 19y’ i e ; e s 28'5 13'5 753e 16'I 9°0 s 5'4 e © 9'6 
1888-9 j 19°2° ea | 127°2 231 | 176 | 774° | 15°6 9'2 . 53 s * |106 
1889-90) ° 18 4° * . $ 12z'4 | 271 , 138 , 78'i 158 lio | 2°5 | 63] ° * |103 
1890-1 |} 65°6 22°0 88°8 ° 137'5 35°0 y3 j ou 6 ' 148 ‘aro | xo | 59 | a's 2 |120 
1891-2 | 63°5 20°2 88's. | 314°8 | r97 33°2 30°3 129 | 192 , Bg | rs | 4 | zr | 30 | 85 
1892-3 | 65°7 215 | 929 ; 4203 | 140°§ | 279 150 135 165 | Bg | zr | 48 | z2 | 57 |105 
1893-4 | 684 22'2 ' 90'6 450'1 | 135°3 246 | 122 14°8 242 | 104 2'4 4'8 | 2'2 | 50 8°7 
1894-5 | 69°3 | 2278 ' B95 | 4979 | 1308 | 3473 | 69 | iyo 29 | g7 | zr | 34 | z3 | 6r |13% 
1895-6 69'2 18's | 84°6 | 415g | 1102 38°2 |; 100 128 | 13°7 96 | 2°§ | st2 | 2'2 | 64 | 12°3 
1896-74] 66°3 | 16°2 78°3 275°7 102"4 28°3 | 1'9 ros | arų 9'5 ro | 52 , 2°2 | 5o |1r5 
1897-84) 708 | 199 920 | a84 | 139°! 26°7 | 24 | 12% ' 12°6 8&9 | ze | 37 | 22 | 62 |153 
1898-9 | 74°8 | 202| 87°0 is §05°6 ! 124°6 37°9 19'S | 12°2 | 193 92) 24 | 54 | 7) 42 | OO 
Figures Sinconiplate: + Famine years. 
TABLE VII. 


Variations in Index Numbers of Wholesale Prices: quinquennial averages since 1861. (The variations 
in the index numbers are based on the prices in Murch, 1873, taken to represent 100. In most cases the 
figures represent the prices in January of each year.) 


IMPORTS —CALCUTTA. 
a eae te: a aaa { ' 
Grey Shirtings, Mule Twist, Mule Twist, | Copper, Iron, Flat, Total 
8} lbs. White, No. 40. ee Red, No. 40. Braziers. Bolt, and Bar. : 
Beem) ennai ee eee Oe ae rs ee ee ee 
1861-65... 145 146 123 99 64 | 577 
1866-70 1.8 122 117 88 69 524 
1871-75. 93 92 104 92 89 470 
3876-80... 79 83 83 | 88 67 400 
1881-85... 7 77 62 | 78 61 356 
1886-90... 80 71 57 76 62 346 
1891-95 . 73 ' 69 60 75 85 362 
1896-1900 ..... 70 65 56 88 113 362. 
EXxporRTS—CALCUTTA, BOMBAY, AND RANGOON. 
Opium. Rice. W heat. Linseed. Jute. „Ê 
. EEA PE N 
5 & |a| e| Ug |3 SE 
© i - Jr] we | $8) Sleep | e- 
-=> 8 gE ci- Vie = P- a a ws | og a> © N, 
M E- WE CAERA: e e a S | «lg d [ME] S303] 89| IFR 
z © iz ao n aL o> de z we J Fe x = = J O te Ss |5 et 
Sy Pe SS lees) Fl eae] Ble] a | § | Bleak) 4 | 33) 3 Ra 
roi a |e facie ioe oS lato 1 a) eS | wie 
— —e ion — = | — ——— 
1861-65 125 104 II} ` Ne t : 55 ) 
1500-70 II 100 I4 iv la | 1 108 1O04 = I 
1871-75 87 102 I TI i zy I 3 I : Ny 
187 6-30 KO Oo rf I I | j: I 104 I } 
ISSI- ös ad 100 122 2 | I 95 J 1O ( 
1886-00 90 8 } I I I LO4 l rl t ; 
1891-905 64 zí I T3 


1896-10 jooj 760 gI 95 169 


® Four ycars’ average. 


+ No prices available before 1874, prices for which are taken as = 100. 
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TABLE VIII. 


` dinports from, Exports (including Re exports) to, and Total Trade with Principal Foreign Countries in 
Merchandise : annual Average for each Quinquennium in millions of Rupees, and decimals of a million. 


| 


1875-76 to 1879-80. | 1880-81 to 1884-85. | 1883-86 to 1889-90. | 1890-91 to 1894-95. | 1895-96 to 1899-1900. 


Total. 


United King- 
dom ... 


rm rr ey uaŘ— M [Ma 


i 
2 
4 
| 


864°64 519°63 |327°28 |846"91 


aiid, 1°06 15°12 | 16°18 | 3°34 | 23°73 | 27°07 | 6°84 | 26°82 | 33°66 


gary 10°54 | 25°87 


15°73 | 48°14 


36°41 | 19°54 | 23°55 | 43°09 
63°87 | 23°08 | 36°47 | 59°55 


Belgium ... ... o| 1°69 | 169| ror | 21°97 | 22°98 | 4°59 | 41°64 | 46°23 


323°68 ae bors; 434'45 |344°22 ,778°67 |510°47 |360°59 |871°06 \526°24 [33840 
France... |] 453 | 49°27 | 53°80 | 6°28 | 7649 , 82°77 | 8°33 | 75°69 | 8402 | 9°79 | 94°65 't0o4°44 | 9°68 | 70°36 | 80°04 
Germany ... ... "35. 2'29 2'64 °9r1 | 5°60, 6°51 | 2'57 | 13°03 | 1560 | 16°23 , 62°78 | 7g'or | 21°02 | 77°16 | 98°18 
Italy ... ... ...! 3°85 , 16°78 20°63 | 4°97 | 32°59 | 37°56 | 445 42°44 | 46°89 | 4°35 | 33°76 | 3811 | 5 "38 | 29°99 | 35°37 
China... ... ...) 14°05 132°27 '146°32 | 19°23 1134°94 ,154°17 | 21°64 134 54 .186°18 | 28°69 |133°30 |16r'99 | 19°87 '134°13 |144°00 
Japan... ... ...| ‘02 ag.” " ag "19 | 2°09 | 2°28 "25, 7°27 | 7°52 | 3°5x | 14°44 | 15°95 | 5°09 | 45°36 | 50°45 
Ceylon... ..| 5'74 22°97, 28°71 |) 5'35 | 16°37 | 20°72! 5° 86 20°56 | 26°42 | 6°42 | 31°18 | 37°60 | 7°32 | 39°25 | 46°57 
Straits Settle- t| 20°83 26'ı 36°94 15°8B | 33°65 | 49°53 20°09 | 42°54 | 6'263 | 23°32 | 52°56 | 75°88 | 20°54 | 55°88 | 76°42 
Egypt... ... ...| °38| S'tr] 5°49: ‘50 | 23°26 | 23°76, °69 | 32°89 | 33°58 | 1°58 | 50°05 | 51°63 | 1°98 | 52°61 | 54°59 
United States ...| 3°06 | 21°86 | 24°92 ņ7'r4 | 30°46 | 37°60.; eer 11°61 | 34°92 | 46°53 | 13°06 | 43°18 rere eee ey es see ees 57°14 | 15°02 | 59°23 | 74°25 
TABLE IX. 


Trade with Continents in each fifth year in Private Merchandise (in millions of rupees and decimals of 
a million). 


| Europe. Asia, Africa. America. Australasia. 

peep Fah dee 33143 46'64 11°63 5°27 2°44 

1879-80 Exports... ... ... 372°16 232°51 25°66 36°81 4°60 
Total ... ... 70359 | 279'15 37°29 42°08 7°04 

Imports... ... ... 440°64 536° 20°05 11°49 4°65 
1884-85 Exports... ... .. §26'03 214°37 44°65 39°10 7°83 | 
Total 12°49 

Imports... 3°92 

1889-90 | Exports... 10°72 
Total ... .. 14°64 

Imports... 2°44 

1894-95 Exports... 13°31 
Total 15°75 

Imports... ... 4°36 

© 899-1900 Exports... 16°01 

Total... 


20°37 
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DISCUSSION. 


Lieutenant CARLYON BELLAIRS, R.N., said that 
his reason for speaking was that he had for some 
time past made a study of the Suez Canal question, 
and, as he advanced with the study, it struck him 
more and more that the prosperity of India was 
bound up with the Suez Canal, or perhaps he 
should say, that the prosperity of the Suez 
Canal was bound up with that of India. In 
1895, 658,000 tons of rice and wheat were shipped 
from India to England alone. In 1896 there was 
only 289,000 tons, or a decrease of 369,000 tons in a 
single year. Of course, such a decrease had a great 
effect on the shipping trade, and also on the pros- 
perity of the Suez Canal. Since 1870 the value of 
the Indian trade (vid the Canal) had risen from 45 per 
cent. to over 70 per cent., exclusive of Government 
stores, which nearly all go through the Canal. The 
opening of the Suez Canal had contributed to 
seduce the number of sailing vessels. Indeed, 
the sailing trade with India appeared to be 
going the same way as in other countries, namely, 
into a process of gradual decay. In 1896 over 
two-thirds of Great Britain’s trade with the 
Empire lay along the Suez Canal; half the tonnage 
in prosperous years going to India alone, and the rest 
to other countries, such as Australia, the Straits 
Settlements, and China. These facts were very im- 
portant. Lord Charles Beresford, Mr. Arnold 
Forster, M.P., Sir John Glover, as well as many 
other great authorities, had been telling them that 
they must shift the route to the Cape, and various 
reasons were alleged for the proposed change. For 
instance, it had been said that the Suez Canal could 
not be maintained, but it was not the English method 
to run away from their difficulties. The proper 
method, as he should have said to Lord George 
Hamilton if he had been in the chair, was the policy 
of the Naval Defence Act to ensure the safety not 
only of this country or of India, but of the whole 
empire and the trade of that empire, and with it the 
trade through the Mediterranean. It had been said 
that English ships could not safeguard the Suez 
Canal, and that it could be blocked by a donkey-boy 
with a pocketful of dynamite. He denied that state- 
ment. He looked upon it merely as a matter of 
organising—naval protection in the first instance, and 
placing guards on board vessels going through the 
Canal and along the banks— and with some knowledge 
of explosives he expressed the belief that a dozen 
Cairo donkey-boys could not carry on their backs 
enough dynamite to destroy the canal. Cargoes of 
wheat and other produce deteriorated during the 
voyage round the Cape, and our steamers were 
expressly built for the Indian trade by the Suez 
route, many being incapable of going round the 
Cape. The facilities afforded by the Cape route were 
miserable compared with the Mediterranean route. 
The former could only stand a very small expansion, 
and could not possibly take the 4,000 extra steamers 


that would be thrown upon it if the Indian trade went 
round by the Cape Since he had agitated on this 
subject against the opinions of the gentlemen whose 
names he had mentioned, the South African war 
had occurred, and they had had vessels hung up 
for three months and over owing to the overcrowd- 
ing of the port of Cape Town. It was the 
duty of this country to maintain the trade by 
the Suez route. As he had said, it was simply 
a matter of putting on guards to vessels to pre- 
vent their being sunk in the canal, and if sunk they 
could only go down a few feet, so the block could 
not last long. To turn the balance in favour of the 
Cape the canal would have to be blocked up for at 
least twenty-two days, that being the difference be- 
tween the times occupied by the two routes, and if 
such a thing happened they might consider the ques- 
tion of shifting the route. He would echo the con- 
cluding stirring words of Mr. Tozer than which 
nothing could be truer. We were seeing very little 
increase in the commerce of this country by itself, and 
it seemed to him that the time would come very soon 
when the United Kingdom alone would not be able 
in comparison with other nations to bear the burden 
of naval armaments. We could not compare with 
countries which were increasing so rapidly in popu- 
lation as Germany and the United States, and the 
more we developed the Indian trade and built up the 
prosperity of India and the colonies, the more nearly 
we should be approaching that day in which the 
colonies would come to rescue the mother country 
and assist in maintaining the commerce of the Empire. 


The Right Hon. Sir RICHARD TEMPLE, Bart., 
G.C.S.I., said that he had not heard the beginning 
of the paper, but he understood that a strong case 
was made to show that the value of the exports of 
India greatly exceeded that of imports. They all 
knew that somehow or other trade must balance itself 
either in kind or in cash or in the interchange of 
obligations. How was the balance to be made fcr 
India? He understood Mr. Tozer to say—and it 
was quite true —that it was discharged in part by the 
debt which India owed to England. Did the 
English account fully explain the difference? He 
apprehended not, and if that was so, some remanert 
had to be accounted for. Probably Mr. Tozer would 
throw a little more light upon that point. Is our 
trade with India as favourable to English interests zs 
it was? He thought that the reader of the paper 
showed that it was not. He understood Mr. Tozer 
to say that during the last five years of the 
toth century there was a considerable decrease as 
compared with previous years. Indian manufactures 
carried on by British machinery and British capital 
under British supervision, and with everything 
British except native labour and native raw material, 
were supplanting English manufactures. This was 
a very serious consideration for the people of 
Lancashire. The same process, no doubt, was going 
on in Japan, and, moreover, there would be a rivalry 
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before Jong between Japan and India, England being 
left out in the cold altogether. These were serious 
matters, and he thought that papers like that to 
which he had just listened ought to be read, not so 
much in London, where these things were understood, 
but in Manchester and other great industrial centres, 


because they would open the eyes of the working 


men to these considerations. He desired to express 
very strong concurrence with what had fallen from 
Lieutenant Bellairs with regard to the Suez Canal. 
For the sake of our commercial position in India, for 
the sake of ourselves, and for the sake of the vast 
populations committed to our charge, this must be 
done at any cost, whether of naval force in the 
Mediterranean, or of administrative power in Egypt. 
If the Canal were closed, we could not use the 
Canal ships for the Cape route, so the Cape would be 
a poor substitute for the Canal. We must maintain 
ou: position’ in the Suez Canal. He did not think 
that Lieutenant Bellairs quite did justice to the 
British maritime service. He should say that all 
nations put together could not do that which 
had been done lately in connection with South 
Africa. As to expansion and consolidation, 
if he rightly understood the tendency of Mr. 
Tozer’s .peroration, that was about the only 


part of the paper that he did not quite agree 


with. Ever since he had been in Imperial politics 
he had always heard it said, “ We have done 
enough: we cannot go any further. We have 
expanded as much as we can. But he had seen 
nothing but expansion, from the beginning up to 
the present, and łe did not expect to live to 
see anything else; he could not say that he 
desired anything else, or that anything else was 
possible. When he came back from India, twenty 
years ago, he thought that the clock had struck 
twelve or one for England's day, and that after that 
it would be gradually going down towards the sunset 
and evening. Of course, those ideas were wholly 
erroneous. In no twenty years had England so 
expanded as she expanded in the last two decades 
of the tg9th century, and England’s commerce was 
still likely to go on. He saw nothing but expansion 
in every direction. It would be said, ‘‘ But if our 
commerce does not increase, shall we be able to bear 
the enormous expense of the Army and the Navy?” It 
was very difficult to say, but what was still going on ? 
Let them look at the facts. Let them look at the 
enormous increase of wealth everywhere. Let them 
look round in London. The extent to which London’s 
wealth had increased in the last twenty years was some- 
thing fabulous. That fact showed that they would be 
able under providence to bear any cost that was neces- 
sary. The Navy and the Army had not increased in 
cost so much as the wealth of the British empire had 
risen within the last twenty years. Were these things 
facts or not? He believed that they were. In the 
face of this he did not understand anything about 
‘*consolidation.”” Now and again we might have to 
stand quietly, but in doing so it might be only that, 


_ the limits of available arable ground? 
was no hope, with the increasing population, of any 


' 4,000,000 acres available for the latter. 


according to the French phrase, the British lion was 
retiring gently in order to make a still further spriny 
all over the world. 


Mr. L. R. W. FORREST said he could not agree 
with the hopeful views expressed by Mr. Tozer and 
other speakers as to the expansion of the export 
trade of India. As a merchant engaged in the export 
of seeds and wheat, he had noticed, with regret, that 
for many years past the expansion in these artic:es 
which might have been expected with the increase of 
railways, and the shipping facilities now given in 
ports like Calcutta, Bombay, and Kurrachee, had not 
taken place. The average number of tons shipped in 
the four years between 1883 and 1886, was con- 
siderably in excess of the average shipments of the 
last fourteen years, even after making allowances for 
the shortage caused by the irregular rainfalb 
since 1896. Was it because we were approaching 
If so, there 


expansion of the export trade in these articles. 1r 


agriculture was to be the support of the export trader 


agriculture must be scientifically developed as in 
other countries, and every effort made to grow large 
crops on the available ground. That could only be 


. done by the employment of manures or increase 


Lord Curzon had said there were only 
Anyhow, 
the Government should proceed at once with the 


irrigation. 


_irrigation of these lands, and if they had not funds 


for both railways and irrigation, they should leave the 
former and let them be made by private enterprise. 
He was not at all sanguine of any increase in the 
export of seeds and wheat, unless there was a great 
increase in irrigation or improved methods of 
agriculture. i l 


Mr. J. D. REEs, C.I.E., said he particularly wished 
to refer to that portion of the paper in which the 


writer said that the excess of exports over imports 


was not incompatible with the prosperity of the 
country. He did not dispute that in any way, and 
he quite agreed with what had been said about the 
improvement of the people of India. The fact that 
rice had become the chief export of India was a very 
important point, because it was put forward by a 
school of politicians that the export of rice told 
severely upon India. Mr. Tozer had dealt with the 
point, and he (Mr. Rees) wished to ask him something 
which would tend to make it clearer. Mr. Tozer had 
said that during famine times the export of rice and 
wheat ceased, and he had shown it conclusively 
as regarded wheat; but when he looked at the 
figures in the paper he found that the export 
of rice in the severe famine years 1896 and 1897 
did not decrease very much, and Mr. Tozer 
relied upon that to prove that the export of rice 
did not greatly affect the question. If rice went 
out of the country, money came in for it, and 
they knew that what was wanted in India dwing 


Afarch 29, 1901.] 


JOURNAL OF THE SOCIETY OF ARTS. 


357 


famine times was not so much grain, but money to 
buy it with. He did not impugn Mr. Tozer’s state- 
ment, but something was required to explain it. The 
paper had referred to the competition of foreign 
countries. He had been very much struck with 
what transpired the other day at a meeting held 
under the presidency of the Duke of Norfolk. A 
gentleman who held a very high position in mer- 
cantile circles in Manchester, in dealing with the sub- 
ject of Indian trade, said that commercial travellers 
who, in all other respects, were competent business 
men, lacked even the slightest knowledge of the 
languages of the countries into which they went, and 
the consequence was that they were beaten out of the 
field by the more astute and common-sense business 
men, who took the precaution of being able to 
speak the languages. Commercial travellers who 
followed the lead of the British Government would 
not look upon foreign languages as in any 
sense a qualification for their work; but a want of 
knowledge of languages was a very serious drawback 
to English trade, and it led to business going into other 
hands. Mr. Tozer had not spoken at length of the gold 
industry in India. In the latter part of his paper he 
dwelt upon the necessity of encouraging the labourer 
who at the present moment was oscillating between 
the field and the mill. He equally oscillated between 
the gold mine and the mill. All had seen how hardly 
the labourers were weaned from agriculture and 
induced to go to the mill. But to drive them back 
into the field would be to interfere with the con- 
ditions of labour. He hoped that in a Bill which 
was now before the Legislative Council of India, 
experience would be allowed to have its way, and 
that no Bill which would interfere with the habits of 
the Indian labourer would be allowed to pass. He 
thought that Mr. Tozer might have referred at greater 
length to the tea industry, which was now in a 
depressed condition. In dealing with this subject 
he did not state that recent legislation in India had 
not tended to minimise the depression on the part of 
merchants and others. 


Herr GERLICH (of the German Embassy) 
said that in discussing commercial questions and 
in using statistical materials they were too much 
accustomed to have in view one country only. 
They were accustomed to speak of ‘*German ecx- 
ports’’ or ‘‘ American exports,” and so on, as if 
they only benefited the exporting country. In fact, 
they were nothing but entries in the national day- 
book, and did not show for whose account the exports 
were made. This they could only find out from 
an international ledger, kept by the world-banker 
England, which would show the profits or losses each 
country made by its trade. Ifit were shown thereby, 
that the excess of imports over exports in England was 
ber net profit, England, he thought, need not be afraid 
of her imports and the exports of the other countries. 
He thought that if England would find out how much 
capital was invested all over the world, and how 


the diagram on the wall. 


much of the exports and imports, not only in England 
but in America, Germany, and all over the world, 
were made for the account of England, the people of 
this country would accept another view of the whole 


- question, and they would think, as he thought, that 


the influence and the empire of England were much 
bigger than they were shown to be by the red lines on 
In that respect he would 
almost call himself an Imperialist, as belonging to this 
great international Empire of Commerce. If they went 
to work to find out how much foreign capital was 
invested in each country, that would put the 
whole question of exports and imports in a new 
light. From that standpoint he would say that 
all the nations had more interest in living peace- 
fully together than in fighting each other. But two of 
the speakers had been in a very warlike mood, one 
having spoken about defending the Suez Canal, 
and the other about the army, when the peaceful 
trade of India was the subject of their discussion. 
His own countrymen, the Germans, knew what 
fighting was, and they did not like it. They were 
obliged to build up their empire and their commerce 
like the Jews of old built their city walls, with a 
sword in one hand and a trowel in the other. But 
they liked the trowel much better than the sword. If 
the English people were to see war nearer home they 
would not like it any better than the Germans liked 
it. Knowing the world, and having enjoyed hospi- 
talities in different parts of the world, he was of him- 
self of a very peaceful turn of mind, and liked to 
be on good terms with all nations. The special 
interest which he took in the paper was connected 
with the countervailing duties on sugar in India. He 
had not been able to find out, from the paper and 
its statistics, in what degree the countervailing duties 
influenced the imports from Germany. It would 
interest him very much to know how the imports of 
Germany had been affected since the countervailing 
duties were enacted. Another question which in- 
terested him very much was the wheat question. 
Wheat from India, according to Mr. Tozer, could 
only be expected in Europe if the prices in Europe 
were high, and there was à demand for wheat. That 
cut away all the arguments to the effect that it was 
the low exchange which made Indian wheat dangerous 
for Europe. He would be thankful to Mr. Tozer for 
a kind corroboration in this particular. 


Mr. RoMESH DvtTT, C.I.E., submitted that the 
paper generally was written more from the point of 
view of the English trader than that of the people of 
India. Mr. Tozer dwelt at length on the total value 
of the exports from, and imports into India, and he 
rather suggested the inference that the prosperity 
of India was proportionate to the increase of 
the imports and the exports. At. any rate, he 
had not sufficiently explained the fact that, 
although the total value of exports or imports 
might increase, the prosperity of the people of India 
need not increase to the same extent, or that, in fact, 
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the result might be quite otherwise. Forty or fifty 
years ago they, probably, did not import more than 
£500,000 worth of cotton goods into India. They 
now imported, probably, about £25,000,000 worth of 
cotton goods and yarn into India. The significance 
of this was that the people of India used as much 
forty years ago as now, but formerly they produced 
what they wanted in their own looms, and now 
they have lost this industry. To his personal 
knowledge there were tens of thousands of people 
in the villages who had been driven out of this 
trade, and who had taken to agriculture, thereby 
increasing the pressure on the land. When it was 
said that trade had gone up so many millions, it was 
thought by some people that prosperity had gone up 
too. The fact was, that the large increase of trade 
really meant that many of the manufactures which 
gave employment to the people of India had been 
lost to them, and the people had become more and 
more confined to the produce of the soil for sub- 
sistence. In the remark which Mr. Tozer made 
about the currency question, he also spoke from 
the point of view of the English trader rather 
than of the people of India. The English traders, he 
(Mr. Dutt) thought, had benefited by the currency 
being fixed. But millions of poor people in India 
whose investments were in the shape of silver ornap 
ments had lost by the fixing of the rupee because 
their ornaments sold for less than they were bought at. 
It was a confiscation of the savings of the poor in 
India. 


The CHAIRMAN, in proposing a vote of thanks to 
Mr. Tozer, was sure that the meeting would agree 
that the paper was a most interesting one, and showed 
great skill in the using and manipulating of figures. 


Mr. TOZER, in reply, referring first to Sir Richard 
Temple’s remarks, said that he had dealt with 
the balance of trade with all countries. If he had 
had to deal with England alone, there were various 
questions into which he should have had to go. He had 
profited from an exceedingly interesting paper which 
Sir Richard Temple wrote about thirty years ago on 
the subject of the balance of trade. Sir Richard 
asked whether the decline which had been referred to 
was likely to goon. As far as he (Mr. Tozer) could 
see, it was likely to go on. English goods were 
gradually being supplanted by goods produced in 
India, either by mills which were run by Europeans, or 
by mills which were run by enterprising natives. Sir 
Richard thought that papers like the present ought 
to be read elsewhere than in London. They were, 
however, printed in the Journal, and if there was any 
value in them they would be available for the benefit 
of Manchester. With regard to the question of 
imperial expansion, it was clear that this could not 
go on indefinitely, and it was time for English people 
to consider carefully on what lines consolidation and 
development were possible. With regard to the 
remarks of Mr. Forrest, there had been no great 


increase of exports in the last fifteen years, as the 
diagram showed. Reference had been made to the 
necessity of developing the agricultural resources of 
the country. They knew, however, that Government 
had already done something in this direction. As to 
irrigation, that, of course, was very largely a financial 
question, and the Government had not had very 
much money to spend in recent years. As regards 
exports of agricultural produce, he would point out 
to Mr. Rees that he was dealing with the Indian 
peninsula, and not with India in the broad sense 
including Burma. If India and Burma were taken 
together it would be found, of course, that the 
exports of food grains were very much larger than the 
exports from the Indian peninsula alone. In the last 
five years the total net exports of food grains and 
pulse from the Indian peninsula were less than the 
imports of wheat into the United Kingdom in the 
year 1900 alone, so it would be seen that the exports 
of food grains from the Indian peninsula, which alone 
was affected by the recent famines, were comparatively 
small. He could appreciate what Mr. Rees had 
said about the necessity of commercial travellers 
having a knowledge of modern languages, and pro- 
bably it had been noticed that Lord Salisbury dealt 
with the subject in a speech delivered on the previous 
evening. As Mr. Rees said, the paper did not 
deal with the gold industry; but there were a 
hundred and one things with which he might have 
dealt, if he had had time. He was not sure, how- 
ever, that the gold industry would come within the 
scope of the paper, though, of course, he could have 
referred more in detail to the exports of gold from 
the Mysore mines. He did not know what was 
meant by the reference Mr. Rees had made to 
recent Indian legislation in connection with the de- 
pression in the tea industry. He had no doubt that 
the depression of which he had spoken was mainly 
due to excessive supplies poured into a limited 
market. He had been extremely glad to hear the 
remarks made by Herr Gerlich. He made a very 
valuable contribution to the debate by pointing out 
that they ought to take into consideration on whose 
account the exports were made, but he would agree 
that it was extremely difficult to ascertain particulars. 
Only individual merchants could throw any light upon 
the subject. Of course they were all acquainted with 
the fact that England had made enormous capital 
investments abroad, and that the interest thereon 
accounted for part of the large balance of imports 
over exports in the trade of this country. He quite 
agreed with what had been said by Herr Gerlich 
about competition with Germany in commerce rather 
than in war. One thing which had impressed him 
very much in the figures of foreign trade was the 


*The net exports of all food grains and pulse from the 
Indian peninsula (r.e. the exports after deducting imports 
from abroad and from Burma) during the five years ended 
1899-1900 amounted to about 60 million cwt. The imports of 
wheat (including meal and flour) into the United Kingdom 
in 1900 alone amounted to about 90 million cwt.—H. J. T. 
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extraordinary way in which German trade had 
advanced in India in the last fifteen or twenty years. 
With regard to the countervailing duties on beet 
sugar, he had no figures before him, but he thought 
that in the year immediately following the impo- 
sition of countervailing duties there was some decline, 
though that the trade had tended upwards again. 
Austrian sugar did not decline so much as German 
sugar. Both German and Austrian sugars were 
again advancing. As to the question of exchange, 
the price of wheat and the exportation of wheat seem 
to have depended mainly upon other circumstances. 
Of course a decline in the rupee may have produced 
temporary effects. He was obliged to Mr. Dutt for 
the remarks which he made on the paper. Perhaps 
he had misunderstood one or two points. He 
(Mr. Tozer) did not say that the excess of exports 
was either a good thing or a bad thing. He 
merely pointed out that an excess of imports or of 
exports did not give a clue to the prosperity or other- 
wise of a country. He would, however, observe 
that the drain of produce of which Mr. Dutt had spoken 
was not increasing. With regard to the question 
of the home charges, he thought that it was only 
fair to take into account the compensating benefits 
which were obtained by that expenditure. After all, 
it was only one form of expenditure on the part of 
India, and what they had to consider was whether 
the outlay was justified. It seemed to him that if 
they took merely railways and irrigation works into 
account, there had been an ample return for the 
expenditure. No doubt, as Mr. Dutt had said, he 
(Mr. Tozer) had approached the subject largely from 
the point of view of the English trader; but he 
would say in reply, that trade was his subject, and 
trade was carried on mainly by English traders. 
He quite agreed that they could not conclusively 
argue from an increase of trade to an increase of 
properity. Buthe thought that there was a rough 
general connection between the two, though it 
would not do to say dogmatically that the two 
always varied together. Still, in an agricultural 
country, like India, good harvests meant prosperity of 
the people, with surplus produce available for export, 
as well as greater power of buying imported com- 
modities. This was well illustrated by agriculture 
and trade in the Eighties. It had been said that 
cotton imports had increased. But, although 
they had increased for a certain number of years, 
they had recently tended to decline, and the reason 
was that cotton goods were being produced more 
freely in India itself. He would like to remind Mr. 
Dutt, that India in recent years bad been passing 
through precisely the same state of things that Eng- 
land and Europe had passed through in the earlier 
part of last century—an industrial revolution in- 
volving the substitution of power machinery for 
hand machinery. That was a necessary substitution 
in all countries when once power-machinery had been 
started in any country. India, of course, had been 
comparatively slow in taking up the new order of 


things, but it was absolutely necessary that she should 
take it up. Now that she had got steam-engines and 
other machinery the imports of foreign cotton goods 
were beginning to decline. The change then, with 
regard to machine-made goods had come about in the 
normal course of events. Probably in another half- 
century it would be found that the mode of industry 
in India had changed enormously, and that India 
would no longer demand cotton goods from Europe. 


FOURTEENTH ORDINARY 
MEETING. 


Wednesday, March 27th, 1901; SIR HENRY 
TRUEMAN Woop, M.A., Secretary of the 
Society, in the chair. 


The following candidates were proposed for 
election as members of the Society :— 
Biddulph, Mrs. John, 20, Onslow-square, S.W. 
Downes, James Rathbone, East Surrey Water 

Company, Redhill. 

Duncan, J. H., 39, Coleman-street, E.C. 
Holland, Commander G. E., R.I.M., D.S.O., Port 

Officer, Rangoon, Burma. 

Johnson, Wallace C., M.Amer.S.C.E., Niagara Falls, 

New York, U.S.A. 

Nicoll, John, Adderley, Monifieth, Scotland, and 
- Calcutta, India. 

Oliver, James William, Dehra Dun, N.W.P., India. 
Savill, Howard S., Northumberland and Northern 

Counties Club, Whitehall-court, S.W. 

Wray, P. Remus, 42, Tollington-road, Holloway, N. 

The following candidates were balloted for 
and duly elected members of the Society :— 
Cox, Colonel Henry William Holmes, I.S.C., 36, 

Eaton-rise, Ealing, W. 

Davison, William Henry, M.A., 37, Kensington- 

park-gardens, W. 

Finlay, Dr. Charles J., 160, Campanario-street, 

Havana, West Indies. 

Johnson, John Henry, 15, Farmdale-road, West- 

combe-park, S E. l 
Leiter, Joseph, 81, South Clark-street, Chicago, 

U.S.A. 

Mukerji, Rai Sahib Kali Krishna, B.A., Umballa, 

Punjab, India. 


The paper read was— 


CLOCKS, CARILLONS, AND BELLS. 
By A. A. JOHNSTON. 


In introducing these three subjects to your 
notice in the order named, I propose to com- 
mence at once with the practical application 
of each to present-day requirements, and to 
relieve the dryness, inseparable from a tech- 
nical paper, by the introduction of drawings, 
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models and illustrations, which have been 
specially prepared for this occasion. 

Tower clocks may be divided into three 
classes : — 

1. The timepiece, or non-striker. 
` 2. The striking clock. 

3. The chiming clock. ` 

In the case of non-striking clocks, the 

question of surroundings does not matter, but 
for striking and chiming clocks the conditions 
of traffic should be carefully considered. We 
have a good illustration of this in the case of 
the clock at the Royal Courts of Justice, where 
the quarter bells, although weighing five tons 
in all, are often imperfectly heard unless there 
be a lull in the traffic. Then again provision 
should be made in towers for the sound of 
bells to escape. This is done by cutting 
openings in the walls at belfry, and inserting 
louvre boards to keep the wet out. All this 
should be thought of and provided for whilst a 
building is in process of erection, and not 
wait until it is finished. ' Another equally im- 
portant matter in connection with the erection 
of a turret clock is provision for the ascent- 
_ and descent of the weights. All large clocks 
are driven by weights, and the longer the drop 
the less winding required. The most con- 
venient form of providing for the weights is 
to let them descend in one.of the corners of the 
tower, trimming each floor they pass through 
and casing them in with wood to prevent anyone 
standing underneath. The safest arrangement 
is for the weights to run to the ground, but, 
where this is impracticable, they may descend to 
a ‘* set off” in the wall, or to steel girders built 
in to stop their progress should the line which 
supports them give way at any time. 
. Keeping pace with the times, public clocks 
have been improved upon in their construction 
and manufacture, as one ecneration succeeds 
another. 

In support of this statement we have before 
us the old St. James’s Palace clock, which, up 
till 20 years ago, did duty on that historic 
building. Although there is no date on this 
clock, it is evidently 200 years old, and the 
inscription plate on it notifies that it was res- 
tored by order of the King, William IV., in 
1832, by Mr. Vulliamy, the Court clockmaker. 
As you see, it is still capable of work, but it is 
lightly constructed, and lacks the stamina and 
power of clocks of modern times. In com- 
parison with it we show you a small turret 
clock of modern construction, which we made 
and exhibited at the 1889 Paris Exhibition. 
Machine-cut wheels and pinions now take the 
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place of the hand-cut wheels of former days, 
and the entire work is carried out in a weightier 
and more substantial manner. This is abso- 
lutely necessary when we consider the growth 
and increased traffic of large towns, which 
require that their public timekeepers. should be 
well heard. Fifty years ago the chiming 
machinery at the Royal Exchange was con- 
sidered equal to its obligations. Five years 
ago we took it away, and put a machine with 
hammers of double the weight. 

Without boring you with too much techni- 
cality I ought to mention briefly the component 
parts comprising a turret clock. The frame 
containing the works should be of cast-iron in 
one solid casting, which thus ensures absolute 
rigidity and immunity from warpage. Then 
the feet should be planed so as to stand per- 
fectly level, and the top of the frame, on which 
the bearers rest, should be treated in the same 
way. In the best clocks nothing but gun-metal 
wheels are now used. Brass was formerly the 
rule, but it is a softer and more spongy metal 
than the former, and, therefore, not so durable. 

The pinions also, in a first-class clock, which 
run in the toothed wheels, should always be 
cut out of solid steel where there is heavy work 
to perform. Many clocks are made with lan- 
tern pinions, as being very much cheaper. 
The result is that, should the pin wires get the 
least bent or misplaced, they begin to cut into 
the teeth of the wheels like a knife, and soon 
render the wheel useless. The best kind of 
pendulum for a turret clock is that which is 
compensated. 

Clock towers are, as a rule, damp and 
changeable in temperature. Wood, therefore, 
warps and gets out of shape, so a metal 
pendulum is a decided acquisition, and by 
making it of zinc and iron tubes, with a centre 
rod of steel, compensation for changes of 
temperature is thus secured. The days of 
long pendulums are over. The pendulum of 
the church clock at Rye, in Sussex, which 
occupies four seconds to the beat, is 56 feet 
long, and swings in the body of the church. 
This is very inconvenient, and now quite 
unnecessary. The largest pendulum we ever 


make is 15 feet 8 inches, and beats once in 


two. seconds. . We always take care also when 
fixing a two seconds’ pendulum to hang it 
against the wall out of the way. This entails 
putting the works of the clock against the wall, 
and this is often necessary, the floor not 
In olden 
times one solid weight was used for driving 
This was inconvenient if the line 
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supporting it happened to break, as the weight, 
being a solid, heavy mass, was difficult to be 
reinstated. It is the usual custom to divide 
the actual weight for working into so many 
segments, so that a section may be added or 
removed at will, and for restoration of sus- 
pending cords. These latter are now of all 
steel wire, and devoid of any hemp strands, 
which reduces the breaking strain, as also 
does galvanizing. The hammer work in con- 
nection with a chiming or striking clock is an 
important feature, and is often overlooked. In 
order to do justice to the tone of the bells, the 
hammers which strike them should be a certain 
weight, and allowed to fall a proportionate 
height. They must also be kept clear of the 
bells, and not allowed to touch, except by the 
force of their own momentum in falling. This 
is effected by means of strong steel springs 
attached to the bell frame, and on which the 
hammers, on being released by the clock, 
fall. 

All hammer work in clock towers should be 
attended to occasionally; the bearings oiled; 
the wires renewed, and the ironwork painted. 

The accepted ratio for the weight of a ham- 
mer to its bell, to bring out the /#// tone, is 
one-fortieth, and this should not be exceeded 
for safety. Chime-hammers need not be so 
heavy in proportion, the sounding of the hours 
being the chief feature in a striking clock. 

Having given you a brief summary of the 
internal mechanism of the clock, I now come 
to the question of clock faces or ‘‘ dials,” as 
we call them. These are for the most part of 
three kinds :— 

1. The cast-iron skeleton frame. 

2. The sheet copper. 

3. The white ‘‘ opal” face for illumination. 

We have a sample of each before us. The 
first is especially adapted for village churches, 
where there is no prospect:of illumination, and 
it is frequently the only face possible for ornate 


or sculptured towers, where a‘solid black face 


would be an eyesore. Where these skeleton 
faces are adopted they should be fixed to stand 
out a few inches from the wall, when they show 
up in relief to greater advantaye'than if nailed 
on the flat. Iron, however, rusts after years 
of exposure, and begins to corrode, and the 


paint and gilding, if not renéwed, wear off, 


leaving the metal bare and unsightly. The 
renewal of paint and gold-leaf isa simple and 
inexpensive process, and should be undertaken 
about once every ten years. | 


The copper. face, planished convex, and 


painted. black, with gilt- figures. aad hands,- is- 
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the most durable of all dials. Nothing stands 
the elements so well as copper, and it has the 
great advantage of being impervious to rust. 
It will turn green in its old age, but it never 
decays nor falls to pieces. A copper clock- 
face should last a century. Sometimes copper 
“dials” are painted in various body colours, 
as this one is, as a relief, but for churches 
and public buildings, black and gold are 
the standard colours, and stand the weather 
best. 

The opal glass dial is the most ordan as it 
can be illuminated at night. This is formed of 
an open cast-iron framework, glazed with opal 
glass. Several kinds of glass have been tried 
in this connection, but there is only one that is 
a success—the opal. Plate-glass has often 
been tried, but it becomes discoloured and 
brown. If it is ground, the rough surface 
collects and retains the dust; if it is stipplec. 
the paint chips off in time, whereas opal glass 
always retains its original whiteness, and the 
more rain it gets the fresher it looks. Even 
with opal glass, as with everything else, there 
ismore than one quality. There is the flashed 
opal, and there is the solid opal. Until twenty 
years ago, nothing was used but the former, 
which is infinitely superior for illuminatior, 
but with the increasing thirst for cheaper 
prices, which consumes the British public, the 
poor clockmaker was forced in self-defence to 
compensate his losses by the introduction of 
the solid opal, a glass which costs a quarter the 
money and causes twice as’ much gas to be 
consumed. Keen competition — is not an un- 
mixed blessing all round. 

The small illuminated dial before you is 
glazed with flashed opal.’ It is no better in 
the day than the cheaper glass, but, after 
dark, there is no comparison. ‘The figures 
are cut out of sheet copper, and the circles are 
bent round out of zinc ‘sash bar. This givesa 
neatness and finish to the work not obtainable 
in castings. In order to relieve the glaring 
whiteness of opal glass, we sometimes intro- 
duce coloured glass ‘in’ front of the opal, 
bedding the two firmly and closely together, 
so that no dust gets between them. We have 
just carried this system out at ands), Castle, 
and the effect is artistic. 

As to the size most desirable fora clock face, 
the generally adopted rule is'r foot diameter 
for every 10 feet elevation. © This is seldom 
exceeded, although, unfortunately, it is very 
often reduced to an inotdinate dégree. We 
have on the wall a'clock face of rather 
imposing dimensions. ‘ ‘This is a full size 
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diagram of the clock we are now erecting at 
Toronto City Hall. These faces are sur- 
rounded by an ornamental cast-iron moulding, 
weighing 25 cwt. The strokes representing 
the hours are 2 feet g inches long, and 12 inches 
in width. ; 

The minutes are 6 inches long by 3 inches 
wide. From centre to centre the distance 
between the minutes is 11 inches, which, there- 
fore, is the distance traversed by the long hand 
per minute — 55 feet per hour, quarter of a mile 
per day, and 91} miles per annum. 

There is a specialty of our firm in this clock 
known as the Remontoire Train. We seldom 
introduce this in ordinary clocks as it is ex- 
pensive work, but for exceptionally large faces 
such as these it is an absolute necessity in 
order to overcome the inertia of the hands. 
Briefly the principle of it is to accumulate the 
power of the clock till the completion of the 
thirtieth second, when the four pairs of hands 
move forward simultaneously and occupy the 
alternate divisions. As each pair of hands with 
counterbalance weighs 2 cwt., you can ap- 
preciate the advantage of this patent. The 
ordinary hand on a tower clock is cut out of 
copper sheet, 18 B.W.G., and stiffened at back 
with cast brass ribs to prevent the wind blow- 
ing it about. These Toronto hands are made 
differently and much more costly. They are 
elliptical, formed of double sheets of copper, 
convexed towards the centre, and rivetted 
together every 4 inches at the rim. They have 
also internal brass cross bars for rigidity. The 
minute hands are g feet long by g inches wide 
at base, tapering to 6 inches at top, and 
weigh 56 lbs.each. The hour hands are 5 feet 
6 inches long, 14 inches broad, and weigh also 
56 lbs. 

When it is borne in mind that those hands 
have to do their work at an elevation of 250 
feet from the ground, and under climatic con- 
ditions of great rigour during the winter 
months, you will readily understand that much 
care and attention has been necessary in order 
to ensure a steady performance of this clock, 
which we understand will be the largest clock 
yet erected in the New World. 

It may interest you to know what those faces 
will weigh when completed. The face itself is 
cast in twelve sections bolted together. Each 
section weighs 24 cwt,, so the dial altogether 
weighs 30 cwt., or the four faces 6 tons. The 
inner circle (which is made to open to get at 
the hands for clearing away snow, &c.) weighs 
2cwt. The glass in each dial weighs 15 cwt. 
The grand total works out as follows :— 
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cwt. 
Ring moulding round the face .... 25 
Framework of dial ........--000% 30 
Centre framework ...... sorsien 2 
GIASS:.. galctcewlesauaseeausestews I5 
Bolts and nuts.......... EEEE 3 


Weight per dial .. 75 


4 
Total weight of the four .. 300 

The weights for driving this clock are :— 
cwt. 
For working the hands .......... 15 
For striking the hours .....ee.e. 20 
For striking the quarters ........ 10 
Total .. 45 


The hammer for striking the hours weighs 
250 lbs., and is made to lift twelve inches 
before it falls. We have just learnt that the 
bell has been heard twenty miles. 

The illumination of a clock face is quite an 
important business. If left to local talent the 
result is generally a maximum consumption 
of illuminant in conjunction with a minimum 
amount of light. Now that the electric light 
is obtainable in many quarters, it offers great 
advantages for the illumination of clocks. Gas 
is the worst form of illuminant. It corrodes 
the works, smokes and discolours the glass, 
dries up the oil, and is altogether most unsuit- 
able. Lamps are preferable, were it not for 
the trouble of trimming. To illuminate a clock 
face well, the lights, whatever they be, must 
stand back not less than 15 inches from the 
glass. 

If placed too close, they will show through, 
instead of giving an equally diffused light. 

If placed too far back they will lose their 
power. They must also be judiciously placed 
so as to assist each other, and not placed round 
in a circle close to the circumference of the dial 
(as I have too often seen them), burning 12 jets 
where 4 would give a better light, if arranged 
in the form of atrce. Itis the clock face which 


‘is to be lit up, not the walls of the tower. 


CARILLONS. 

The word ‘‘ carillon,” as its name suggests, 
is of French origin, and signifies a chime. It 
is a mistake to suppose the carillon machine is 
of recent importation. Atthe present time there 
are many automatic tune-playing machines 
attached to peals of bells in various parts of 
the country. The reason why they are not 
more in evidence is because no one attends to 
them when they get a little out of order. We 
have restored many such and can make them 
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play again satisfactorily only with less power 
than a modern machine. But it is only within 
the last thirty years that any attempt has been 
made to improve on the old order of things and 
to introduce machinery which will play tunes 
automatically on bells with a certain amount of 
success. It is generally conceded that our first 
introduction to the system of automatic bell 
music emanated from the Low Countries. But 
whilst the idea no doubt originated with them, 
their means of putting it into execution were, 
and are, clumsy in the extreme. I have seen 
the machine in the belfry of Bruges (immortal- 
ised by Longfellow) at work, or rather at play. 
A Belgian machine does all its lifting and 
releasing direct off the barrel. This may 
answer where the bells are small and the 
hammers light, but when you come to deal 
with heavy bells and hammers to correspond, 
it stands to reason that the mere fact of having 
to lift weighty hammers is a great strain on the 
barrel itself and tends to upset the regularity of 
the tune. 

In this country of late years we lay claim to 
certain improvements in the releasiny power of 
carillon machinery, chief of which is the separa- 
tion of the releasing and the lifting power. In 
connection with our patent system, the tune 
barrel lets off the hammers, whilst a continuous 
worm screw gradually replaces them into an 
uplifted position ready for another release. 

The tune barrel and this worm screw have no 
direct connection, and, therefore, no matter 
what the hammers weigh they do not drag on 
the barrel. Another advantage of these modern 
machines is that the barrels being inter- 
changeable and easily lifted out and in, by 
having a number of them an indefinite number 
of tunes may be played, as each barrel 
is capable of playing seven tunes, and four 
barrels would, therefore, provide 28 tunes—a 
fresh tune daily for four weeks. The number 
of tunes that can thus be played by one of these 
machines is limited, not by the machine, but 
by the number of bells available. 

We have here a small peal of model bells 
attuned to resemble a standard ring. Inasmuch 
as all ringing bells must be necessarily cast, 
and tuned to the diatonic scale, we select our 
tunes accordingly to put the same bells to a 
double use. 

By the introduction of one or two semitones, 
with the addition of a note above the treble, the 
number of tunes that can be played is greatly 
increased. Even on six bells a few tunes can 
be played, such as “Lead Kindly Light,” 
“ Rousseau’s Dream,’’ and a few others. 


When we come to a peal of eight the selection 
increases a hundredfold, and but add a semi- 
tone, a B flat in the key of C, and their number 
is legion. 

There is no mechanical reason why any tune 
should not be played, provided the scale of 
bells admits of it, but all tunes are not expe- 
dient. A tune that harps on one note is to be 
shunned. The best tunes are those possessed 
of an easy methodical rhythm. This gives 
the hammers time to pull themselves together 
again ready for the next blow. Jerky staccato 
music is unsuitable, and moreover the sound of 
each bell must die away unassisted, a damper 
not being possible as in the case of a piano, 
and any attempt to produce florid passages 
in carillon music inevitably results in chaos. 
For the same reason chords in campanology 
are not a success. 

The plain simple air gives the most satis- 
faction. Last year I played through every tune 
in hymns ‘“‘ Ancient and Modern,” in order to 
analyse their adaptability to bells cast in the 
diatonic scale. There are two of them on five 
bells, which canbe so played, 16 on six bells, 
65 on eight bells, and 96 on ten bells. Not a. 
large proportion out of 650 tunes. Add but a 
semitone or two, and you could play them 
nearly all, although the addition of new bells 
to an old peal is rot always attended with 
success as the alloy may be different. 

In the earlier machines, such as those at 
Manchester Town Hall, Boston (Lincs.), &c., 
we used mahogany barrels on which to fix the 
pins, but of late years we have been casting 
the barrels in bell metal, and drilling them for 
steel pins. 

The metal barrel is preferable in many ways 
as it does not twist and warp in damp towers 
like wood, and therefore the pins are better 
able to retain their original positions. The 
erection of these machines is not confined to 


. this country. We have put them up at such 


widely divergent centres as Caracas Cathedral, 


' Venezuela, St. George’s Church, Montreal, 


and Maritzburg Town Hall, South Africa. 


AUTOMATIC RINGING MACHINES. 


In addition to our regular carillon machinery 
we have lately made several automatic ringing 
machines for playing changes on bells, by 
mechanical means, similar to a band of ringers. 
I will show you one of these on the screen, 
and also illustrate its action by means of the 
working model. It is a convenient form of 
calling to service where any difficulty exists 
about ringers, although it has not the same 
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sonorous effect that eight pairs of lusty arms, 
tugging at the ropes, would produce. It will 
ting for about twenty minutes with once wind- 


ing. 
BELLS. 


There would appear to be a halo of romance 
surrounding bells and their origin which would 
render almost anything one might say on the 
subject interesting. The industry of bell found- 
tng is, without doubt, a very ancient one. I 
venture to suggest that the cymbals of old 
were, in reality, bells cast in a flat form, instead 
of the one we are accustomed to. Even at the 
present time there exist, in this country, bells 
cast in the year 1300. A bell, it seems to me, 
gives wonderful value for money. I do not 
know of any other article that is as good as 
new after 600 years wear, and even if a bell 
becomes cracked it is still worth two-thirds its 
original value, since it can be broken up and 
recast, the metal itself being the chief cost. 
The value of a clock lies in the labour of 
making it, the value of a bell is principally in 
its material. All bells are, or should be, made 
of the same alloy. This is about four parts of 
copper to one of tin. No other metal than 
this is used. If you attempt to vary that rule 
or depart from it you will be unsuccessful. 
For the purposes of demonstration in connec- 
tion with this paper, I had a bell cast of four 
parts of tin to one of copper, but it cracked in 
the cooling. I have had another one cast, 
however, and you will be able to judge it by 
the side of the small peal before you, which 
has been cast for this occasion. This peal 
is a counterpart of an ordinary ring of bells 
in a church tower, and is made of the same 
metals, and in the same relative proportions as 
regards shape and thickness. 

My object in exhibiting them is to demon- 
strate that bells, in order to be musical and 


tuneful, need not necessarily be large and | 


costly. These eight bells only weigh 10 cwt. 
altogether. They are not suitable for public 
buildings or towers of any size, but I should 
have no hesitation in putting them up at 
private residences, wh-re the punctuation of 
time is all that is desired, or in public parks. 
In this connection I may say, however, that 
ridiculously small bells have been put up from 
time to time by foreign firms in this country, 
notably at Aberdeen and Boston, and in both 
instances have been attended by failure. At 
Aberdeen, the smallest bell weighs only 37 lbs., 
and this in a lofty tower with thick walls, and 
surrounded by busy traffic! Out of a peal of 
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36 bells, 24 are absolutely useless, and have 
been the cause of much heart-burnings and 
controversy during the past decade. £3,000 
worth of bells lying idle (or were, when I was 
last there) is a source of real trouble in the 
Granite City, which has been turned into a 
city of woe, so far as its campanology is con- 
cerned, and very wrath with those who led it 
into such an unfortunate outlay. After this I do 
not think we shall see many more foreign peals 
erected in this country, especially as the makers 
charge twice as much as English founders. 
This small bell formed one of a Belgian peal 
of 36 bells, which hung for 20 years silent in 
Boston tower, until we took them down lately, 
broke them up, and re-cast them into three 
respectable bells, to be incorporated as semi- 
tones with the original English peal in the 
tower below, with which they are now 
used. 

Next to the alloy of the bell, its diameter, 
shape, and mould require close attention. We 
show you here a mould of a bell about to be 
cast. First of all, we start with the theory 
confirmed by practice, that a bell of a given 
weight must also be of a given diameter and 
thickness. For example—a ton bell should be 
4 feet diameter at the mouth, and 34 inches 
thick at the sound bow, whilst a 1 cwt. bell 
should be 18 inches diameter and 1} inches 
thick. There is no getting away from this rule, 
if you wish your casting to turn out a success. 
The same principle applies to all bells of 
various sizes. The heavier the bell, the larger 
and thicker it becomes, the lighter, the smaller 
and thinner. You see before you a full size 
tracing of the great hour bell we have lately 
cast and erected at Toronto. This bell 
weighs § tons 7 cwt., is 6 feet 8 inches in 
diameter, § feet g inches high, and 64 inches 
thick at the sound bow. You will notice that 
it is not of uniform thickness. No bell can 
be of a pleasant sound, unless its thickness 
varies. A bell is thickest at the sound bow 
where it is struck, then it tapers upwards to 
one-third of this thickness. Ifa bell were ofa 
uniform thickness right through, it would sound 
dull and dead, and be bereft of that timbre and 
resonance which is desirable. 

Here is a tracing of a Chinese bell which 
came into our possession some years ago. Its 


only virtue lay in its outer adornments—its 


tone was execrable, because the principles of 
mould, shape, varying thickness, &c., had 
not teen followed, although the metal was the 
same as we use. | | 

Another' point to be guarded against in the 
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casting of bells, is ‘‘spongyness.’”’ This 
arises from two causes, viz.:—the mould not 
being dry, or the metal not being hot enough. 
Spongyness (that is, small holes in the bell), 
is an element of weakness, as when a bell 
becomes cracked, it is often found when broken 
up that this has been the cause. 

When a bell becomes cracked through the 
wear and tear of centuries, it can be recast 
into a new one at a comparatively small 
expense, as it is the metal which is the 
principal factor in its original cost. 

When old bells are recast, it is usual to take 
a rubbing of any inscription on them and 
reproduce it on the new bell. There is a 
general belief that old bells contain a quantity 
of silver. If they do, I am sorry to say none 
of them ever came our way. In breaking up 
old bells we have invariably found what we 
ourselves use at the present day, copper and 
tin, and in much the same proportions. 

I will now explain briefly the method of bell 
casting. We take the mould which has pre- 
viously been built up on an iron plate and lower 
it into a pit already dug in the ground, of a 
sufficient height to envelop the bell. This 
mould is called the ‘‘core,’’ and has been 
built up of bricks and loam and dried hard in 
an oven. The ‘‘core’’ being now placed 
below the level of the base of the furnace, the 
case, which has been built up and baked in a 
similar manner, is then placed over it like a 
glove, but leaving a vacuum space between 
the two, of the prescribed thickness of the bell. 

Any inscription to be cast on has already 
been impressed on the loam of the case so as 
to form part of the metal when run. The alloy 
having previously been mixed in the propor- 
tions already referred to, and being now re- 
duced to liquifaction as the result of being in 
the furnace some hours, the furnace is tapped, 
the molten metal, finding an outlet, rushes 
down an inclined conduit into the crown of the 
mould, and in a very few minutes the vacuum 
is filled and the whole—core, case, and bell— 
are allowed to remain in the ground for a day 


or two to cool. A 5 cwt. bell could be dug out 


the next day. A ton bell would remain too hot 
to touch for two or three days. The process of 
casting is but the consumation of days and 
weeks of preparation. It takes five minutes to 
run about £1,000 worth of bell. metal. 

The tuning of a peal of bells is a delicate 
business. So long as bells are used singly it 
does not matter:much what note they turn out, 
but where bells: are required to act in concert 
with each other then the question of tuning 
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them to harmonise has to be taken into account. 
I will show you on the screen a bell in the act 
of being tuned. The bell is fixed mouth- 
upwards and held firmly in the grip of powerful 
vices. Having taking a plumb of the centre 
we adjust our steel cutter to the sound bow of 
the bell and proceed to pare off the metal at 
its thickest part. This is how a sharp bell is 
flattened in tone and it can be done with- 
out detriment to the bell up to half or even 
three-quarters of a note. If you keep on turn- 
ing it out the bell would become thin and 
‘‘panny’”’ in sound. 

To sharpen a flat bell is not so easy, indeed 
we seldom attempt it, preferring rather to take 
the bell into stock or even to recast it than 
to waste time over what generally results 
in failure. There is a theory extant that a flat 
bell can be sharpened by reducing its diameter. 
I believe the note of a flat bell can be slightly 
sharpened in this way, but we have also found 
that the application of this principle pre- 
judicially affects the tone of the bell—hence we 
generally contrive to cast our bells sharp so 
that they can be easily flattened, if necessary, 
to the required note. Sometimes they come: 
out exactly right, and that is the best form‘of 
“tuning.” 

The same bells may be uséd.in a variety of 
ways. They may be (1) rung in peal by a band 
of ringers; and also (2) chimed upon extern- 
ally by a clock; and (3) chimed upon by a 
carillon machine; and lastly (4).struck by a 
hammer pulled by hand. Each bell may thus 
be requisitioned in four distinct ways, neither 
method interfering with the others. It is not, 
of course, possible to put these various practices 
into use simultaneously. 

When a bell gets worn in one place through 
the tongue striking there for generations, it 
becomes weak in that particular spot and runs 
the risk of cracking in consequence. What 
should then be done is to quarter turn it round 
in its pit so that a fresh substance is presented 
to the clapper as the bell swings. In deter- 
mining the weight of bells to be erected in a 
given building, attention should be paid to 
internal measurement of tower, thickness of 
walls, elevation of belfry, and conditions of 
traffic. Bells should be proportionate to the- 
tower ; large bells for large towers, small ones 
for small towers. Another not unimportant 
factor in deciding as to the calibre of bells is 
the question of funds at disposal. We are 
sometimes requested to provide a 1 cwt. bell of 
a rich mellow tone. Unfortunately it cannot 
be done, there is not enough financial induce- 
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ment to make it rich, although there is no 
reason why it should not be a clear full tone 
and pleasant to the ear. 

The last specimen I have to present to you 
to-night is a hemispherical bell. Some call 
them cup bellis! It is of the same composition 
as the others, but different in shape, and of an 
almost uniform thickness. It is not a species 
of bell we recommend, and you will probably 
confirm this when you hear it. The only point 
in favour of hemispherical! bells is their deeper 
tone, as they are so much thinner, but they have 
no clear defined note, the same as an ordinary 
bell, and for this reason we do not advise their 
adoption. 

I feel I have now said enough on these 
subjects to cause me to conclude, rather than 
run the risk of tiring you with further state- 
ments. I would like to have touched upon such 
interesting matters as the mechanical clock of 
Strasburg Cathedral, and that mammoth bell 
at Moscow, weighing 220 tons, which has been 
the wonder of the age for two centuries. Time 
does not permit me, however, to refer to works 
which have not come under our own knowledge, 
and I have, therefore, only endeavoured to carry 
out what I foreshadowed at the beginning, 
namely, an application of the questions raised 
to the age in which we live. 


DISCUSSION. 


The CHAIRMAN said the subject of bells was of 
interest to the archzologist, as well as to the prac- 
tical clock-maker of the present day. He had been 
particularly struck in listening to the paper by the 
fact that the manufacture of clocks, carillons, and 
bells owed singularly little to modern science or in- 
vention, the oldest bells known being precisely like 
the best bells turned out from the Croydon factory. 
The clock in the meeting-room of the Society of 
Arts was over 100 years old, and was as good a clock 
as could be wished for. Only on one occasion had it 
refused to work, when it was synchronised by 
electricity. The only really modern development of 
Mr. Johnston’s business was in the construction 
of carillons, but he frankly confessed that the mechani- 
cal carillon did not appeal to him at all. There wasa 
remarkable difference in the sounds obtained from the 
bells played by hand and those played by the ingenious 
piece of mechanism exhibited by Mr. Johnston; the 
hand-played bells being much more musical. He 
believed he was right in saying that the reason Big 
Ben cracked was because its talented designer, Sir 
Edmund Beckett, now Lord Grimthorpe, wanted to 
obtain so fine a tone that he put an inordinate amount 
of tin into the bell, practically making it of speculum 
metal, an extremely brittle alloy, the result being that 


JOURNAL OF THE SOCIETY OF ARTS. 


(March 29, 190r. 


Big Ben was not struck by its clapper many times before 
it cracked. Sir Frederick Bramwell had told him how 
he located the crack. Eight men were placed round 
the bell and carefully watched its circumference; the 
sound-bow was wetted all round, and then the nm 
of the bell was struck. A minute row of tiny bubbles 
came out, and at once indicated the location of the 
crack. That was an ingenious method, not very un- 
like the way in which bicyclists localised punctures 
in pneumatic tyres. Sir Frederick Bramwell had 
told him that the idea suggested itself to him by the 
way in which cracks in locomotive crank axles were 
found out. The crank when working was well lubri- 
cated with oil, any cracks and interstices being full of 
oil. In localising the crack, the crank was hit 
on its end with a monkey, the outline of the 
crack then being indicated by a tiny outflow 
of dirty oil. He thought it was probable that there 
was a good deal of silver in old bells because silver 
was generally found in company with tin and copper, 
and in old days the more recent processes for taking 
out the silver were not employed. It was a little 
curious that one should be able to tell the time on a 
clock face without figures. When Lord Grimthorpe, 
who erected the first clock of that kind in Lincoln's 
Inn, suggested that the numbers should be abolished, 
and dots or lines inserted in their place, people said 
it was utterly impossible. The fact was that out of 
every hundred people who took the time from 
Lincoln’s Inn clock not 1 per cent. knew that the 
figures were not there. He was sure the Society was 
deeply indebted to Mr. Johnston for his paper, and 
the great trouble he had taken in illustrating it. 


Mr. S. S. BROMHEAD thought that the science 
of clock and bell making had advanced but little 
beyond what was known by their forefathers, but 
he believed they were on the brink of very con- 
siderable changes, both in clocks and bells. Probably 
the coming generation would learn to very con- 
siderably diminish the number of bells used. A 
speaking clock for indoor use had been invented, 
patented, and was able to be put on the market, 
which would say distinctly when the hour 
arrived, one, two, tbree, four, and so on. The 
vast expenditure incurred in placing enormous 
bells in church towers might be dispensed 
with. A sort of siren or “hooter,” having the 
melodious tune of a great organ pipe, driven by 
pneumatic force operated by a little electric motor 
could be installed at a trifling cost compared with the 
expensive bells at present erected. 


Mr. P. SALTER thought the last speaker’s idea had 
already been carried out, the time at which the 
workpeople in many manufacturing concerns should 
go to dinner being indicated by the blowing of a siren. 


Mr. S. B. GOSLIN said that the louvres in church 
towers were sometimes put so close together that the 
sound of the bells could not get out of the tower. 
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In designing towers, architects, unfortunately, very 
often forgot such details. He doubted very much 
whether the present Big Ben was broken in con- 
sequence of the metal being too ‘‘high;”’ -he rather 
thought it was broken, as the first one was: broken, 
by the force of the blow being too great for the bell. 
The first bell, which was something like 16 feet in 
diameter, was never raised up the tower, an opening 
of only 13 feet having been allowed. He hoped the 
paper would be the means of bringing the subject 
before the minds of architects, who so often forgot 
to provide for raising the bell in the tower. When 
one compared the old-fashioned machinery used 
in the clock in Cripplegate or Antwerp with 
that now made by Mr. Jobnston’s firm, he thought 
it must be admitted that England was far in 
advance of other nations in that particular respect, 
English machines being excellent. However, no 
beating of bells hanging dead could ever compare 
with the ringing of bells when they were turned 
mouth upwards by a band of ringers. The ringing 
machine would be useful, particularly in the Colonies, 
where men could not be obtained to chime the bells. 
It was not surprising that Mr. Johnston could not 
break the tin bell he had shown them, because it 
was full of soft metal. It was impossible to get 
the sound out of a tin bell which could be obtained 
from one made of copper and a little tin. Mr. 
Johnston had shown an improved shape of bell, 
founded upon the researches of Lord Grimthorpe, 
who had thoroughly enquired into the subject of 
the best form and thickness of bells, and had im- 
proved the sound and form of English bells by the 
rules he laid down. American bells were a little 
different in form, being narrower at the head, but 
such bells did not give so good a sound as those with 
a properly proportioned English head. The casting of 
some of the bells made abroad was far better than 
the English in finish and ornamentation. In con- 
nection with tuning, Mr. Johnston had said it was 
not wise to sharpen a bell, but he did not think 
anything could be said against sharpening a bell to a 
small extent. It was far easier to tune large bells than 
small ones, the difficulty being that immediately the 
bell was cut and made thinner at the sound-bow the 
proportions of the upper part of the bell were thrown 
out. The stipulation should be made in buying bells 
that they were to be cast in tune and not cut after- 
wards. The large bells at Westminster and St. 
Paul’s were very porous. Mr. Jobnston had said that 
porosity was due to the mould being damp or the 
metal being poured in too cold. He agreed with the 
first statement, but not with the second. The metal 
became rotten if it was exposed in the furnace too 
long. Tin was of a lighter specific gravity than 
copper, and floated to the top of the furnace 
or pot, thus being liable to evaporate, with 
the result that the proper proportion of metal was 
not obtained, and the bell became porous. He would 
not advocate the use of tubes in place of bells. He 
thought that anybody hearing the ‘hooters’? and 


used. 


“ sirens” in Manchester would be inclined to put 
their fingers in their ears and run away. 


Mr. F. W. FLETCHER thought the porosity of 
copper alloys was principally due to the formation of 
copper oxide which is formed on the surface and 
carried down by the molecular motion of the melted 
metal into the interior of the mass and there reduced, 
the copper uniting with the alloy, and the oxygen set 
free and forming a gas bubble or globule which is 
enclosed by the cooling metal, and thus forms un- 
soundness of casting. Dampness of the mould 
produced an unsoundness of a different character, not 
that general rottenness of the alloy due to oxides. 


Lieut.-Colonel ALLAN CUNNINGHAM said he had 
been struck by the great sweetness of tone of the bells 
played by hand, and the opposite effect in the bells 
played by machinery. Were the two peals of bells of 
the same composition? He would also like to know 
whether the letters and bands of ornamentation on a 
bell did not affect its tone and quality. 


Mr. R. A. DANIEL thought the difficulties experi- 
enced with louvres were due to the towers being de- 
signed by people who knew absolutely nothing about 
bells?’ They were very often so constructed that the 
sound, instead of being diffused, was showered on the 
heads of people immediately below the tower. There 
was no doubt that silver was a component of the metal 
of many bells, but it did not affect the sound. It would 
be interesting to know the age of the St. Clement Danes 
chiming machine, which, he believed, took a quarter 
of an hour to wind up. The clock also struck the 
hour twice, first on the tenor and then on the treble. 
He believed a similar arrangement existed at Trinity 
College, Cambridge. The old bells were as good as 
the new, but at the same time, while many of the old 
bells could not be improved upon, modern makers 
were now supplying very homogeneous peals. 


Mr. A. A. JOHNSTON, in reply, said he did not 
think bells could be dispensed with in favour of the 
hooter in villages where people had to walk for miles 
to church on a Sunday. He was too prejudiced to 
give an opinion as to whether the hooter or siren would 
take the place of bells, his prejudice not being in favour 
of the hooter. The drawback to an electric motor con- 
trolling the time was that one was never safe with elec- 
tricity or electric motors. He quite agreed with Mr. 
Goslin’s remarks on the subject of louvres. He knew 
of a building in a provincial city which was com- 
pleted before a thought was giyen to the erection of 
a clock and bells, £200 having eventually to be 
spent in alterations. He had always understood 
that Big Ben was broken by the heaviness of the 
clock hammer, and that rather than go to the expense 
of lowering the bell, recasting it, and hoisting it 
again, the crack was sawn out. A hammer only 
weighing half the original weight was now being 
If a bell -was cracked in only one part the 
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defect could be sawn out without, of course, restoring © 


the strength of the bell and its resistance to the 
blow of the hammer. The ringing machine was 
a substitute for ringers, and was principally intended 
for service in villages where men were scarce or 
there was a difficulty in obtaining an efficient band 
of men to apply themselves to the ringing of the bells. 
There was very great difficulty in tuning small bells, 
much more so than in bells ten times their size, on 
account of their sensitiveness. The two small peals 
of bells mentioned by Colonel Cunningham were 
made of exactly the same alloys and from the same 
patterns. If one set sounded better than the other 
it was because he had manipulated the bells in order 
to catch the ear. Ornamentation and inscrip- 
tions on a bell did not affect its tone in the 
slightest. Unless louvres were made at a certain 
angle and overlapped wet got in. He should 
recommend architects to have no louvres at all, 
because the more bells were washed the better they 
liked it, wet doing them no harm. If good full-toned 
bells were required no louvres should be put in. Bells 
peeping out of a turret were certainly an adornment. 
If louvres were put in they must be made at a certain 
angle in order to throw the sound down in the 
direction required. The only silver bells he had 
seen had simply been dipped in silver. He could not 
say whether sound would be improved by the addition 
of silver. Thechiming machine of St. Clement Danes 
clock was about 200 years old. The clock first of all 
struck on the tenor bell, and then repeated the 
hour, not on the treble bell, but on a small bell 
in the very top of the tower, about twenty feet above 
the peal. If old bells were not so good in tone as 
modern bells the fault lay not in the alloy but in the 
make and shape of the bell. 


On the motion of the CHAIRMAN, a hearty vote of 
thanks was accorded to Mr. Johnston. 


MEETINGS OF THE SOCIETY. 


ORDINARY MEETINGS. 
Wednesday evenings, at Eight o’clock :— 
APRIL 17.—‘* The Synthesis of Indigo.” By 

Pror. RAPHAEL MELDOLA, F.R.S. Sirk HENRY 
E. Roscoe, LL.D., D.C.L., F.R.S., will preside. 


INDIAN SECTION. 
Thursday afternoons, at 4.30 o’clock :— 
APRIL 18.—‘‘ Madras the Southern Satrapy.” By 
JOHN DAVID REEs, C.LE. 


COLONIAL SECTION. 

Tuesday afternoons, at 4.30 o’clock :— 

APRIL 30.—‘“‘ The British West Indies.’ By SIR 
NEVILE LuBsBock, K.C.M.G., Chairman West India 
Committee. 

APPLIED ART SECTION. 

Tuesday evenings, at 8 o’clock :— 

APRIL 16.—‘‘ Greek Vases, their Evolution of 
Form and Ornament.” By CECIL SMITH, LL.D. 


MEETINGS FOR THE ENSUING WEEK.. 
Monpay, Apri. 1...Farmers’ Club, Salisbury-square Hotel, 
Fleet-street, E.C., 4 pm. Mr. Beddall, “ Means 
for Checking the Rural Exodus.” 

Royal Institution, Albemarle-street, W., 5 p.m. 
(General Monthly Meeting.) 

Engineers, in the Theatre of the United Service. 
Institution, Whitehall, S.W., 74 p.m. Mr. Perry 
F. Nursey, “ The Production of Metallic Bars and 
Tubes under Pressure.” 

Chemical Industry (London Section), Burlington- 
house, W., 8 p.m. 1. Mr. A. E. Berry, "The 
effect on the Marsh Test of some Commercial Pro- 
ducts containing Selenium and Tellurium.” 2. Dr. 
W. Newton, “ A New System for the Manufacture 
of Borax and Nitrates.” 3. Mr. John Hughes, 
“ Basic Superphosphate: its preparation and use 
as a Manure.” 4. Mr. Watson Smith, “ The Pre- 
paration of pure Cineol from Eucalyptus Oil by 
means of the Arsenate.” 5. Dr. F. Mollwo Perkin, 
“ Action of Caustic Potash anf Soda on Stannous 
Sulphide.” 

Imperial Institute, South Kensington, S.W., 8} p.m. 
The Lord Strathcona and Mount Royal, “ Canada 
and the Empire.” 

British Architects, 9, Conduit-street, W.,8 p.m. Mr. 
F. Bond, “ The Classifications of Romanesque 
and Gothic Architecture.” 

Camera Club, Charing-cross-road, W.C., 8} p.m. 
Discussion on “ The Development of Rollable and 
other Films.” 

Medical, 11, Chandos-street, W , 84 p.m. 

Victoria Institute, 8, Adelphi-terrace, W.C., 44 p.m. 
Mr. Joseph Rutland, ‘‘ The Maoris Place in 
History.” 

Biblical Archæology, 37, Great Russell-street, W.C., 
8 p.m. 

TUESDAY, APRIL 2...Central Chamber of Agriculture (at the 

Houser or THE Society oF ARTS), 11 a.m. 

Civil Engineers, 25, Great George-street, S.W., 
8 p.m. By Edward Sandeman, ‘‘The Burrator 
Works for the Water-Supply of Plymouth.” 

Pathological, 20, Hanover-square, W., 8} p.m. 

Photographic, 66, Russell-square, W.C., 8 p.m. 
(Lantern Meeting). Mr. Charles Reid, ‘‘ Animals 
and Birds in their Native Haunts.” 

Asiatic, 22, Albemarle-street, W. 4 p.m. 

Zoological, 3, Hanover-square, W., 83 p.m. 1. Mr. 
G. P. Mudge, ‘‘The Myology of the Tongue of 
Parrots, with a Classification of the Order based 
upon the Structure of the Tongue.” 2. Prof. 
W. B. Benham, ‘‘ The Structure of the Larynx in 
Cogta and Balænoptera.” 3. Mr. FE. F. Laidlaw, 
“A Collection of Lizards from the Malay 
Peninsula, made by Members of the ‘Skeat 
Expedition,’ 1899-1900.” 

Colonial, Northumberland-avenue, W.C., 4} p.m. 
Paper on ‘‘Canada.’’ 


WAONKSRAN APRIL 3...Geological, Burlington -house, W., 
p-m. 


Archæological Association, 32, Sackville-street, W., 
8 p.m. 


Obstetrical, 20, Hanover-square, W., 8 p.m. 

Camera Club, Charing-cross-road, W.C., 8} p.m. 

Junior Engineers, Westminster Palace Hotel, S.W., 
8 p.m. Mr. A. H. Barker, ‘‘ Works Manage- 
ment.” (Lecture V.) 

Tuurspbay, April 4...Linnean, Burlington-house, W., 8 p.m. 
Mr. G. S. West, “Some British Freshwater 
Rhizopods and Heliozoa.” 

Archzological Institution, Oxford Mansion, Oxford- 
street, W., 4 p.m. 

Civil and Mechanical Engineers, 45, Charing-cross, 
S.W.,8 p.m. Mr. A. Haussen, ‘The Proportions 
of Cylinders for Multiple Expansion Engines.’’ 
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the Secretary, Fohn-street, Adelphi, London, W.C. 


Notices. 
——__.—____ 


APPLIED ART SECTION. 


In consequence of the illness of Mr. CECIL 
SMITH it will be necessary to postpone the 
reading of his paper on ‘‘ Greek Vases,’’ which 
was announced for Tuesday, the 16th inst. 


INDIAN SECTION. 


Tuesday afternoon, March 28 (at the Im- 
perial Institute); SIR DENNIS FITZPATRICK, 
K.C.S.I., in the chair. The paper read was 
‘¢ The Greek Retreat from India,” by CoL. 
Sır THOMAS HUNGERFORD HOLDICH, R.E., 
K.C.I.E., C.B. 

The paper and report of the discussion 
will be published in a future number of the 
Fournal. 


Proceedings of the Society. 


—— i 


APPLIED ART SECTION. 


Tuesday evening, March 12th; THOMAS G. 
JACKSON, R.A., in the chair. 


The paper read was— 


ON SOME EXAMPLES OF ROMANESOQUE 
ARCHITECTURE IN NORTH ITALY. 
By HUGH STANNUS, F.R.I.B.A. 

(All rights reserved by the Author.) 


§ 1. When, last year, the writer undertook 
to contribute to our common stock, by shewing 
others some views he hadtakenin North Italy last 
Whitsuntide, he had not considered how far he 
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should speak of general Romancsque design ; 
but, since selecting the views for exhibition, it 
has occurred to him that—instead of shewing the 
Lantern Slides in consecutive order, church by 
church, city by city, giving isolated explana- 
tions of each Slide in reference to itself only-— 
it would be of more use if we endeavoured (1) to 
realise the place of the Romanesque Style of 
Architecture, in country and date, among the 
other Styles, (2) to note the points of diference 
with the preceding architecture, and (3) to 
observe what it /ed-/o in the great chain of 
Evolution. 
The subject is therefore divided into three 
parts :— 
I The Evolution of Romanesque, § 2, 
II The Inventions of Romanesque, § 7, and 
III The Results of Romanesque, § 23. 


I The EVOLUTION of the ROMANESQUE: 
§ 2. From Greek to Roman. 


The Romanesque was firstly a simplification, 
and afterwards adevelopement from the Roman. 


FIG. 1. 


Roman Architecture is considered to have 
resulted from the two elements :— 

(1) the Etruscan or Pelasgic, and 

(2) the Grecian or Hellenic. 
The Pelasgoi were able to build Cupolas of 
horizontal over-salient courses, as at Mykene. 

The Etruscans were able to build Arches 
such as is shewn in fig. 1.; and the simple 
Arch supported by the Pier was a characteristic 
of Roman architecture from its first existence 
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until the Romans came in contact with Greek 
civilization. 

Later, after their conquest of Achaia and 
Attica, in the II century B.c., when their 
generals brought the artistic spoils of Greece 
to Roma, Grecian architectural features and 
ornaments became fashionable. The Greek 
arrangement—of the Entablature supported by 
the Column—as it existed in the Grecian 
Temples in Achaia and elsewhere, is shewn in 
fig. 2. This is the Dorian order; and it is pre- 
eminently the national style of the Hellenic 
nation; the Ionian being an Asiatic style that 
had been imported into Attica, and the 
Corinthian style having been evolved much 
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FIG. 2. 


later, when they were enslaved and impoverished 
as a nation, and therefor unable to develope and 
use it as their national style. 

The Greek arrangement, of Entablature and 
Column, was thought to add dignity to the 
Roman buildings in the old Etruscan arched 
style; and it was applied in front of them, 
probably making somewhat of the effect seen 
in fig. 3., which shews the Grecian Entablature 
and Column in front of the Etruscan Arch and 
Pier. 

There is a certain incongruity between the 
two Elements, as scen inthis example. They 
are evidently in two planes, one behind the 
other, with no connection between the two; 
and there is a want of Scale, between the 
refined small mouldings of the Grecian and the 
coarse large stones of the Etruscan portions. 
These objections were, no doubt, felt and 
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obviated; and the architecture gradually im- 
proved; until, in the time of the Flavian 
Emperors, the different Elements of the two 
Planes were (apparently) connected-together, 


FIG. 3. 


in the Colosseum and the Arch of Titus, some- 
what as shewn in fig. 4. In this example, the 
Grecian Elements are made lighter in bulk; 
and the Etruscan Elements are decorated by 
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added mouldings (the Base, the Impost, and the 
Archivolt), which bring them into accord with 
each other; and this was as far as the Romans 
progressed, 


Apri? 5, 1901.] 


§ 3. From Roman to Romanesque. 


After the time of the Antonine Emperors, 
the Roman Style, though great Engineering 
works were still executed, gradually deteriorated 
in purity until the time of Diocletian, when 
it is considered to end, and the Romanesque 
Styles are considered to commence. In the 
palace he built for his retirement, at the place 
now called Spalato, is seen a change in the 
arrangement of the Features; as the Arch 
(which was the characteristic feature of the 
Etruscan) is there supported by the Column 
(which was the characteristic feature of the 
Greek), as shewn in fig. 5., in which the two 


ON OWN NJ 


Fig. 5. 


different Planes are suppressed, and the two 
Elements are fused. It will be perceived— 
that during the later Roman period, as shewn 
in figs. 3 and 4, these two different Methods of 
Construction (the Greek Beam and the Etrus- 
can Arch) had been employed in the two 
Planes—that they were in antagonism—on 
equal terms—and neither of them was suffi- 
ciently dominant over the other to produce the 
effect—of Singleness of Construction—that 
constitutes a Style; and the world had to wait 
till these two could “‘ fight it out’’ and deter- 
mine, by the survival of the fittest, which was 
the more suitable. 

These periods of Struggle between differing 
principles, in which experiments are being 
made :— 

(1) in Construction, to choose the best, and 

(2) in Decoration, to devise the fittest, 
are not “‘Styles’?: they are ‘‘ Transition 
Periods’’. Hence the student reads of the 
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Greek Style, circa B.C. 600 to 150: the Roman 
Period, circa B.C. 150 to A.D. 300: the Roman- 
esque Styles, circa A.D. 300 to 1200. 


§ 4. The three kinds of Romanesque. 


The chronological chart (p. 372) shews the 
historical place and the overlapping of the 
three kinds into which the Style is divided. 

After the Roman period (i.e., after A.D. 300) 
three kinds of building arose in which Roman 
features were used :— 

with a similarity to Roman features 

but a difference in the Method of application. 
These were :—the Basilican, in Rome and 
afterwards Ravenna, from A.D. 300 to 700—the 
Byzantine, in Byzantium, from A.D. §00 to 
1000—the Romanesque, in North Italy, from 
A.D. 600 to 1200. They may all be considered 
Roman-esque, in a broad view, inasmuch as 
in each of them certain Roman Features are 
used :— 

the Arch, with its Archivolt, is semi-circular ; 

the Column, with its Capital and Base, is 

circular in plan, with general similarity or 
imitation of the Corinthic capital, in the 
two earlier ; 

the Mouldings are simple segments of circles 

in section; and the Enrichments are similar 
to those carved by the Romans. 

They may be considered Roman-esgue (and 
not Roman) inasmuch as in each of them the 
Application of the features differs from that 
practised by the Romans ; thus :— 

the Arch is supported zot by the pier, but 

by the Column ; 

the Column supports not an Entablature, 

but an Arch; 
the Moulding is grouped ot into an archi- 
trave a frieze or a cornice, but into a 
String-course ; 

the Proportion (z.e. the relative size of 
one feature to another), which had been 
studiously adhered-to from the time of 
Augustus, was disregarded. 

It is this Difference in the application and 
treatment of the Roman features (resulting 
from an elastic freedom from the fetters of 
Vitruvius) that leads to the term—‘‘ Roman with 
a difference ’’ —‘‘ like Roman ’’ — ‘‘ Roman- 
esque ’’. 

The Result, of their freedom from Roman 
fetters, is shewn in the three widely different 
kinds; to which, for exactness, the three terms 
given above are applied. 

This paper is intended to direct attention 
solely to the third kind, termed more 
properly Romanesque. 
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. SPALATO 


301 306. CONSTANTINUS 
at TRANSFERS Government ` 
364. DIVISION of EMPIRE 
401 404. HONORIUS at RAVENNA 
410. ALARIC SACKS ROMA 
501 493. THEODORIC K. of ITALY 
526. (528. JUSTINIAN ° 
. X 2 ; VENNA i 
eee 565. 568. LONGOBARDS in ITALY 
601 
[622. The HEGIRA.] 
3 660. S. MICHELE at PAVIA 
6o6. S. FREDIANO at LUCCA 
I 
70 . LEO the ICONOCLAST 
754 LOMBARDS take RAVENNA 764. S. MICHELE at LUCCA 
- 768. KARL the GREAT 
774. conquers LOMBARDY 
801 80}. AACHEN CATHEDRAL 
I4. 
(827. EGBERT] 
ROTONDA at BRESCIA 
(871. ALFRED the GREAT] 
gol t [oor.] 
our. NORTHMEN invade FRANCE 
1000 MILLENIUM | EXPECTED THROUGHOUT] CHRISTENDOM. 
1c41. NORMANS invade ITALY 
1063. PISA Cathedral 
1066. NORMANS invade ENGLAND 
1080. S. MICHELE at PAVIA 
[1096. CRUSADE L.J 1099. MODENA Cathedral 
TIO! 
1137. S. M. Magg. at BERGAMO 
{1147. CRUSADE 1L] 1139. S. ZENONE at VERONA 


(1154. TRANSITION. Henry Il.) 


(rr89. EARLY ENGLISH. Rchd. I.}] [1189. CRUSADE IIL] 


1201 ae CRUSADE IV.] 1204. S. MARTINO (front) LUCCA 
1216. CRUSADE Y.J 


(1272. DECORATED. Edward I.) 1288. S. MICHELE (front) at LUCCA 


(1295. DANTE fJ 
1301 


(1377. PERPENDICULAR. Rchd. II.] 1377. S. MICHELE (side) at LUCCA 


1401 1409. BRUNELLESCHI fl. 


(1483. TUDOR Richard II1.) 1474 BRAMANTE = fi. 


1500 
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§ 5. The Spread of Romanesque. 


The Romanesque Style (properly so-called) 
flourished in various countries which were wide 
apart. It arose in the same country (Italy) as 
the Basilican style, being developed from the 
Basilicas at Roma and Ravenna. The ex- 
amples still exist in those parts of Italy which 
were dominated by the Lombards ; and hence 
this variety is termed—‘‘ Lombard Roman- 
esque’’. 

In the Rhine-land, Karl the Great, the great 
German conqueror (A.D. 768 to 814), who had 
his capital at Aachen, imported the details 
from Lombardy. They were somewhat altered ; 
and hence this variety, as seen at Aachen, 
Speyer, Köln, &c., is termed — ‘‘ Rhenish 
Romanesque ’’. 

In the north portion of what 1s now called 
France, the Northmen, who overran it from the 
East, carried with them the style; and, from 
their name, the variety seen in Normandy is 
termed—‘‘ Norman Romanesque ’’. 

In the southern portion of Great Britain, now 
called England, the same Northmen brought 
the style; and the examples seen at Durham, 
Romsey, &c. are termed—‘‘ English Roman- 
esque ’’. 

There is also a variety of Romanesque 
peculiar to the Southern part of France, de- 
rived partly from Roman remains and partly 
from Byzantine influence, which lies outside 
the present subject. 


§ 6. The Lombard Romanesque. 


The Lombard Romanesque, with which 
this paper deals, was developed by the 
LOMBARDS (LONGO-BARDS or long- 
beards) a nation of ancient Germany, men- 
tioned by Tacitus in his account of Germany 
§40. It is supposed that they came from 
Scandinavia. During the III and IV cen- 
turies A.D. they came further south to the 
banks of the Danube. They acted as allies of 
Odoacer the Herulian ‘“‘ king of Italy ”?” (A.D. 
475 to 493). In 568 they crossed the Alps 
near Cividale, from Pannonia into the district 
of north Italy between the river Po and the 
Alps which is called from their name— 
‘“ Lombardia °’. They made Ticinum, a town 
situated at the confluence of the river Ticinus 
and the Po, their capital. The name of the 
city was afterwards changed to ‘‘ Papia ” and 
is now ‘‘ Pavia ”. 

The country is very fruitful; and in course 
of centuries they increased and spread their 
power over great part of Italy. They were 
conquered by Karl the Great in 744; and he and 
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his successors were crowned at Pavia with the 
‘Iron crown” as Kings of Lombardy. The 
people prospered under him and his successors ; 
and built the beautiful and interesting churches, 
photographs of which will be shewn on the 
screen. 

The Longobard rule is divided into three 
periods :— 

(1) from their Invasion of Italy in A.D. 568 

to Karl the Great 744 ; 

(2) from the overthrow of their dynasty by 

Karl in 744 to 1100 ; 

(3) the XII and XIII centuries. 

The first period need not be considered, as 

the long-bearded invaders, though ministered- 
to by Ambrose A.D. 374, left no churches that 
are extant now. 
- In the second period, the people retained 
their laws and institutions; and, becoming 
gradually more christianised and civilised, 
built many churches e.g. S. Michele at 
Lucca, founded in 764 by Teutprandus and his 
wife Gumpranda, &c. They developed further 
the Basilican manner, introducing stone vaults 
where before the roof had been open-timber 
work. 

In the third period, with the increasing 
wealth of the people, the manner became 
florid, much decorated with carving, and 
(what was a debasement) with the application 
of unnecessary Arcades, in great profusion, 
spread over the fronts, sides, and apses of 
their buildings. 


II The INVENTIONS of the ROMAN. 
ESQUE : 
§7. The Ribbed-Vault. 


The Romanesques invented the Ribbed- 
vault. The coverings, used by their prede- 
cessors over the Basilicas, were supported by 
Trusses of carpentry, not concealed by any 
ceiling; and hence termed ‘‘ Opcn-timber- 
roofs. The coverings used by the earlier 
Romans, when not timber, were vaults made 
of concrete and bricks: there was no careful 
Stone-cutting (Stereotomy) necessary at the 
groins; and, as the concrete was one solid 
block, the vault (theoretically) did not exercise 
any outward thrust on the walls. But the 
Romanesque vaults were built of Stone; and 
the Cross-vaults were almost impossible to 
construct without Groin-ribs. Hence the in- 
vention and use of them in S. Ambrogio at 
Milano, in the IX century. This branch of 
the subject is being dealt with by Mr. Phené 
Spiers; and hence is not further mentioned in 
this paper. 
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§ 8. The Compound-pier. 


The Romanesques used antique Roman 
columns whenever they could find them. The 
number of pagan Temples was large ; and the 
pulling-down of a pagan temple was considered 
to be a meritorious Christian act, as well as a 
cheap method of obtaining wrought building 
materials that were ready to hand. Many An- 
tique columns are thus utilised at S. Frediano 
at Lucca, both inside (for the nave arcades) 
and outside (for the front gallery and the apse). 

The increased use of the Vaulting-ribs pro- 
duced clusters of them which ramified from 
the columns. These clusters of ribs proved too 


large for the diameter of the ready-made | 


columns; and hence the size of the supporting 
columns was increased; and it was necessary 
to build them in courses. An artistic result of 
this was soon seen in the method of planning 
the large supports, not as if each were a single 
column, but, as if it were a Group of columns, 
and each column of the group were support- 
ing its own particular vault-rib. This pro- 
duces the most beautiful effect of Articulation 
between each portion of the vault and its 
corresponding portion of the support. The 
group of columns is termed a Compound-pier. 
The effect is seen in comparing the nave at 
Durham (where the columns are large and 
single) with that of S. Zenone at Verona (where 
the larger supports are Romanesque com- 
pound-piers, and the smaller ones are Antique 
single columns). 

The further and complete developement of 
the use of the Compound-pier is seen in S. 
Michele at Pavia, where the Piers are alter- 
nately large (for the larger weight) and small 
(for the smaller weight) ; and here the evolution 
was first perfected. 

The Shafts being at first antique Roman ones; 
were therefor faZered or diminished towards 
the top. When Compound-piers were invented 
the tapering introduced difficulties in the 
vrouping-together of the various columns. 
The Pilasters had been built so that they were 
not diminished but parallel in the sides: the 
Columns were also made parallel, i.e. cylindrical. 
This was a breaking-free from Roman restric- 
tive rule, which rendered possible the glorious 
Early English clustered-shafts of Purbeck 
marble, combined with the stone central-shaft, 
that are seen at Canterbury, &c. 


§ 9. The Receding Moulding-Groups. 
They applied the same idea—of each column 
supporting (apparently) its own Rib—to the 
Doorway and the Window; and thus made a 


succession of receding ‘‘ Orders” or groups of 
mouldings, which gives the most beautiful and 
rich effect in appearance, while at the same 
time it 1s a quick and simple method of con- 
struction; and those who have seen the Arch- 
mouldings at Lincoln will be grateful to the 
Romanesques at Pavia, Lucca, Milano, and 
countless other places, who made the begin- 
ning that led to the English national art of 
mouldings, of which they have reason to be so 
proud. 


§ 10. The Storiated Lintel. 


The itch for Storiation was strong on the 
Lombard builder; and the Lintel over the 
door was too much like a Frieze for him to 
let the opportunity slip. The patron-saint 
furnishes the subject in S. Pietro at Pistoja 
(the photograph of which was lent, as all the 
more beautiful ones that are shewn, by Mr. 
Cruickshank), scenes from the Saviour’s life, 
e.g. the Baptism in the Misericordia at Lucca, 
and the Last Supper in S. Giovanni fuori at 
Pistoja, &c. 


§ 11. The Stilted Arch. 


The Stilting of Arches probably arose from 
the necessities of an Annular-vault, as in the 
Tower of London; or of Stepped-arcading up 
the slope of a Gable, as at Pisa, Como, &c. 
It is useful zsthetically, as an optical cor- 
rection to counteract the projection of the Im- 
post; and also to give better proportion to 
openings ; and for the first two of these uses 
we are indebted to the Romanesques. 


§ 12. The Biforated Arch. 


The subdivision of a large Arch—by the in- 
sertion of two or more smaller ones—is another 
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of the instances in which the Romanesques 
forestalled the Gothic builders. Examples of 
sub-arcuate Biforation (in which the sub- 
arches spring from same level as the larger 
one) (fig. 6)are seen all over Lombardy ; and, in 
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England, two are shewn from Peterborough and 
Rochester. An example of sub - trabeate 
Biforation (in which the arches are below the 
Lintel at springing of larger one) is shewn in 
S. Giorgio al Palazzo at Milano (now covered 
with XVI century stucco details). Triforation 
(or piercing by three openings) is shewn at 
Lucca where each of the original large 
arches has been sub-divided into three (fig. 7). 
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FIG. 7. 


Such an arrangement is termed a Triforium, 
in Italy; and a guess might be made that 
the Triforium-gallery over the Aisles is so- 
called from the triple-opening that in later 
times lighted it. 

Biforation may be considered as Proto- 
tracery : the earliest dated Plate-tracery (with 
which it is more analogous than with Bar- 
tracery) is said to be the Choir Triforium at 
Peterborough A.D. 1145. It would be interest- 
ing to trace the connection, if the dates at 
Lucca, &c. were ascertainible. 


§ 13. The Doubled Columns. 


The Arrangement of doubling the columns — 
in which one was placed closely behind another 


—is first seen in S. Costanza at Roma, circa 
A.D. 330, and in another circular building of 
the same date near Pompei. When the Wall or 
Arch is much thicker than the diameter of the 
Column : then doubled columns are useful; 
and this arrangement enables a lightness and 
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a richness of effect to be given, without any loss 
of strength (fig. 8). Sometimes the Capitals are 
separate, as shewn in the Cloisters of S. Paolo 
fuori at Roma ; sometimes conjoined, as shewn 
in S. Stefano at Bologna. Often, in the biforated 
windows of the campaniles, one column only is 
used, as shewn at Valpolicella, S. Abbondio at 
Como, &c.; and it is placed in the centre of 
the wall-thickness. Then the Dosseret (super- 
abacus) or the whole Capital is extended 
towards the outer and inner faces of the wall, 
making it an oblong instead of a square in 
plan, as shewn in the cloisters at Würzburg, &c. 
This is a most valuable invention which has 
not been so much utilized in artistic engineering 
as it might be. 


§ 14. The Proto-Buttress. 


The Proto-buttress was an invention of the 
later Romanesque builders. In the earlier or 
so-called BASILICAN period : the open-timber 
roof, being trussed, exercised no outward 
thrust on the walls; and they were moreover 
thick. The side-walls were thus continuous and 
flat; and as a consequence of the absence of 
vertical lines the Basilican buildings may be 
said to be designed in a horizontal style, both 
inside and out, as shewn in S. Paolo fuori at 
Roma, S. Frediano at Lucca, &c. 

In the later or properly so-called ROMAN- 
ESQUE period, when stone vaults were used : 
the builders probably observed that something 
was required outside, to strengthen their thinner 
walls; and hence applied pilasters and 
columns. The Vaulting-shafts for the Nave- 
vault had the effect of dividing the length of 
the nave into Bays; and hence the eye became 
accustomed to the vertical lines which inter- 
rupted the horizontal ones and were therefore 
dominant. As a consequence of this, the later 
Romanesque buildings may be said to be de- 
signed in a ‘‘ vertical” style, both outside and 
inside, as shewn in the fronts of S. Michele at 
Pavia, S. Zenone at Verona, S. Ambrogio at 
Milano, &c. 


§ 15. The Circular Window. 


The circular shape, for large window-open- 
ings, was invented and much used by the 
Romanesques. A Circle is the most con- 
venient shape for fitting in the Pentagon re- 
sulting from the inclined lines of the Gable, 
the vertical lines of the Proto-buttresses, and 
the horizontal line of the String-course ; inas- 
much as some portion of its circumference may 
be said to be quasi-tangent to each line. When 
used, the circular window was the most im- 
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portant feature of the front, as seen in S. 
Celso at Milano, S. Zenone at Verona, &c. 
Internally, it was also concentric, for a 
large portion of its circumference, with the 
semi-circular Vault; so that both externally 
and internally it was appropriate to its sur- 
roundings. It allows a flood of light, to shine 
up the nave, which is most impressive ; and 
it was poetically called ‘‘ the Eye of Heaven ”. 
The detail, of these circular windows, appears 
to have been suggested by the application of 
an Arcade round a central nucleus; and the 
radiation of the column shafts, like the spokes 
of a Wheel, gave rise to its name :—‘‘ Wheel- 
window ’’. This feature was further developed, 
after the invention of Bar-tracery, into the 
beautiful ‘‘ Rose-windows’’ in some British 
Gothic churches, and in many Flamboyant 
examples in France. 


§ 16. The Capital. 


The Romanesque treatment of the capital 
had three stages :— 

1. The uzf:Zization of antique Roman capitals, 
mentioned in § 8, is shewn in S. Frediano at 
Lucca, both internally and externally, where 
Perharit, king of Lombardy A.D. 671, ‘‘ availed 
himself of the materials of the amphitheatre.’’ 
Also in S. Maria foris (nave) in the same city, 
and in S. Costanza, and S. Agnese fuori, at 
Roma. 

2. The zmztation of the antique Roman capi- 
tals, when the supply of originals had failed 
owing to there being no more Temples to wreck, 
is shewn by those in S. Vitale and other churches 
at Ravenna; and more completely in those in 
the crypt of the Duomo vecchio at Brescia. Of 
these latter, four capitals are shewn; and the 
gradual but sure debasement during the VII, 
VIII, and IX centuries is most clearly seen. 

(3) The zavention of new (block) forms for 
capitals, in the X century, was a return to first 
principles. Beautiful examples are shewn from 
S. Ambrogio at Milano, S. Vitale at Ravenna, 
Durham, &c. The forms most generally used 
were :—the Cube with lower corners canted, 
the inverted Pyramid truncated, the inverted 
Cone truncated and cut square at the top, and 
the lower Hemisphere cut square or octagonal 
at the top, as shewn. 


§ 17. The Articulation of the Capital. 


The A/an of the Abacus or top of the capital 
was at first square. Afterwards, when the 
clustering or grouping of the superincumbent 
Vaulting-ribs was more studied, the upper 
portion of the capital was planned to follow 


the masses of the Ribs. This sympathy with 
the Ribs conduces towards Articulation. It is 
shewn at Durham in the upper portion of the 
capital while the column-shaft was yet circular. 
It evinces the working of the artistic mind ; 
and shows how the great architects ‘‘ designed 
downwards.’’ There are some compound 
capitals in antique Greek and Roman times ; 
but these are sporadic and were rather ex- 
pedients to meet local difficulties than glorified 
parts of a logical system. The Romanesques 
must therefore have the credit of the invention 
of the Compound-capital. 


§ 18. The Variety of the Capitals. 


The Variety of detail, in the antique Capitals 
and Shafts that were utilized, is interesting 
and pleasing. The old builders were not 
grammatical Pedants; and, when they pro- 
ceeded to rebuild their churches or basilicas, 
using-up the old columns which has been con- 
secrated by service in their old ones and 
working-in such new ones as they were able to 
procure from the decaying Heathen Temples 
and Baths, the difference in height or diameter 
did not trouble them. Was not the Lord 
building-up His church out of all sorts and 
conditions of men? Why not, also, of all 
sorts and conditions of columns ? They 
were therefore accustomed to variety of detail, 
not feeling any incongruity if some of the 
columns were Corinthic, some Composite, and 
some nondescript; and this led the Gothic 
builders, who followed, still further to give 
opportunity to each man to carve according 
to his lights, putting the best that in him lay 
for the beauty of the building and ‘‘ad 
majoram gloriam Dei ”. 


§ 19. The Surface-carving. 


The carved ornamental detail was most full 
and rich ; but was treated in so broad a manner 
that the surface-breadth was not disturbed. 
This is shewn in the jambs of S. Ambrogio at 
Milano, S. Michele at Pavia, &c., the shafts 
in S. Martino at Lucca, the Cathedral at Pisa, 
&c., and in the lintels and panels at the east 
end of S. Michele at Lucca, &c. 


§ 20. The Animal carving. 


There was a great burst of carving of 
Animals inthe VIII and succeeding centuries. 
The fugitives, from the persecution by Leo the 
Iconoclast, found refuge and employment 
among the Lombards. They brought Byzantine 
patterns with them from Constantinople, along 
with the practice of using animals in pattern- 
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work. Their stock-in-trade was principally the 
evangelist-animals and similar ecclesiastical 
symbols; but later, when they had settled 
in their new country and had become 
‘‘lombardised’’, they were quite content to 
carve the hunting scenes, struggling animals, 
and northern mythology that their clients 
desired. These are shewn in S. Michele at 
Pavia, the Duomo at Borgo S. Donnino, the 
Duomo at Verona, S. Celso at Milano, and 
the Duomo and S. Michele at Lucca. 

The Arches, in front of the choir at S. 
Zenone, shew hunting and other scenes in 
which animals are introduced. All animals were 
“ Works of the Lord”; and, along with the 
Lights of the Firmament, and Man’s work dur- 
ing each passing Month, and every Art and 
Science, were included in the schemes of 
Decoration of churches that were to ‘‘ praise 
Him and magnify Him for ever’’. The 
Bestiaries were further the poor men’s books. 
The Huntings were for the food of Man. Some 
of the animals suggest the Struggle against 
evil; others suggest the triumph of the Soul; 
and again, others suggest that of their Church. 


§ 21. The Symbolic Column-supports. 


In this period, great numbers of churches 
were furnished with porches in which the two 
front columns rested on the backs of Lions or 
Gryphons. Couchant Lions are shewn at 
Borgo S. Donnino, the Duomo at Modena, and 
at Cremona. Sejant Lions are shewn at 
Modena. Statant Lions in the Pulpit of S. 
Bartolommeo at Pistoja, S. M. Maggiore at 
Bergamo, &c. Lions are also applied to the 
springing of the arch (which appears to be the 
local tradition) at Lucca, as shewn in S. 
Martino, S. Andrea, S. Giusto, S. Pietro 
Somaldi, &c. These are all symbolical : the 
Throne of Solomon was supported by Lions; 
and Lions are mentioned in the Old Testament 
as guarding, avenging, &c. The Gryphon is 
a symbolic monster, and has been used to 
typify the church, the pope, &c.; and it is 
shewn in the Duomo at Verona. 


§ 22. The Debasement of the Arcade. 


In the decline of Roman architecture the 
order (i.e. the Column with its pedestal and 
entablature) was applied, not to the whole 
height of the building, but to cach storey of 
the building, as in the Colosseum (by Super- 
position). The Order was thus sma// as com- 
pared to the building itself; and, although all 
the details of the Mouldings and Leafage were 
of the same proportion to each other as before , 
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yet this contained the seeds of a great change 
in the manner of using the orders. Instead of 
the huge columns of the Castor and Pollux 
Peristyle, or the Pantheon Portico, which by 
reason of their enormous weight had to be con- 
sidered seriously, the Architects of the time 
appear to have treated the column as a small 
thing that might be played-with. One column 
might be fixed on each side of a Window or 
Niche, not for any usc that it was, but merely 
to make it look pretty. And, if the column, 
why not the arch also? So the column and 
the arch became degraded to be mere decora- 
tive features, applied for prettiness, as seen 
in the Palace of Diocletian at Spalato 
A.D. 284, in the Basilica of Maxentius after- 
wards completed by Constantinus A.D. 310, and 
in the Palace of Theodoric at Ravenna two 
centuries later. In each of these, the column 
is supported on a Bracket; so its uselessness 
in construction is at once evident. 

This vicious method—of applying Arcades 
as decoration—was much used in the latter 
Romanesque of the XI and XII centuries, 
with certain differences between the North and 
the South, i.e. between Lombardy and Tuscany. 

In LOMBARDY: they are sometimes 
arranged on Steps under the Gables; and, 
instead of being the dominant feature of the 
Church-front, they are interrupted by the 
pilaster-like projections which have been 
termed Proto-buttresses, They are sometimes 
flat as pilasters, and sometimes circular as 
half-columns; and they are often connected 
with an arched corbel-table. The whole is 
generally in Brick, or Stone and Brick 
combined. 

In TUSCANY: the Arcaded-galleries are 
of Marble against the stone wall; and are 
gencrally arranged in 3 or 4 Storeys, carried 
horizontally across the Church-front without 
interruption by pilasters. There is no Stepping 
under the Gable; and the difference in height 
is accommodated by a decrease in the height 
of the Shafts; and the various storeys are not 
always axial with each other, as shewn in 
S. M. della Pieve at Arezzo. They are also 
arranged round Apses, as shewn in the Duomo 
at Lucca, in S. M. Maggiore at Bergamo, in 


the Duomo at Pisa, &c. and round the 
Campanile Towers, as shewn at Pistoja, 
Pisa, &c. 


III : The RESULTS: 
§ 23. The Emancipation from Vitruvius. 


The history of Romanesque architecture is 
a history of the emancipation of the art from 
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the fetters of Vitruvius. The Romans had been 
the law-makers of the world. Everything was 
under regulations, including their ‘‘ Orders ”’ ; 
and this cramped the art and prevented pro- 
gress. The Reforms gradually perfected by 
the Romanesque builders, may have arisen 
either actively or Passively—from a wilful desire 
to go their own way and arrange their designs 
according to what was right in their own eyes,— 
or from ignorance of the artificial regulations 
of Vitruvius, and therefore a reliance on their 
own natural instinct. 

In either or in both cases: our art is all the 
stronger from the work of these resolute if 
ignorant northerners; and among other fetters 
from which they broke-loose are the following :— 
The czycular Shaft: in place of this, they 

invented the Pier or group of shafts, each 

shaft apparently supporting its own proper 
group of arch-mouldings. | 

The uxzformity in Size of support: in place 
of this, they designed larger and smaller 
Piers, varying in diameter according to the 
weight to be borne. 

The single Column: in place of this, they used 
the Doubled-column (i.e. the pair of columns 
one behind the other) whenever the thickness 
of the upper wall required it. 

The tapering Shaft: in place of this, they 
made them cylindrical for greater convenience 
in use. 

The semz-circular Arch: was varied by 
Stilting, to suit the exigences of each case. 
The emphasts of the central ‘‘ Key-stone’’ : 

was included in the larger or broader idea 

which realises that every Arch-stone is a 

key-stone, and therefore worthy of equal 

care. 

The sud - division of Arches: was accom- 
plished, not by vertical piers which have a 
tendency to cripple the arch, but, by sub- 
arches, as shewn in the Biforation. 

The Jroportion between Height and Dia- 
meter in shafts: was altered from the 
Vitruvian fetters—of 10: 1—to be an elastic 
suggestion capable of modification to suit 
each case. 

The exact Uniformity of all the Capitals in a 
row : was modified, to allow the liberty of the 
Individual in details, subject to the control 
of the state in general mass-shape. 

The Roman Corinthic capital : it was realised 
that this, though a perfectly appropriate de- 
sign for execution by means of loose bronze 
leaves and scrolls fixed round a stone core, 
was not suitable to a carved capital; and, 
observing the sad shattered condition of the 
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capitals of the Pantheon and of the Temple 

of Castor (now minus the caulicoli), we can 

percive that—in not adding leaves i.e. work- 

ing outwards but in commencing with a 

block and carving zmwards — they were 

right in artistic treatment. 

The ¢htmz Abacus: was strengthened firstly 
by the addition of the Super-abacus (or 
Dosseret), and afterwards by its coalescence ; 
thus making a more appropriate group of 
mouldings to serve as the modulating-chord 
between the richness of the bell and the 
simplicity of the arch. 

The sguare Plan of the Abacus: was extended 
to an oblong plan, when the thickness of the 
superincumbent wall required. 

The sguare Archivolt with its projecting 
Mouldings: was modified to the recessed 
groups of mouldings that produce so beauti- 
ful an effect round the heads of the doors 
and windows. 

The Student will thus perceive that in the 
Column and the Arch they freed Architecture 
from the fetters of Vitruvius; and left the ground 
free for the developement of Gothic in the 
northern countries, and of the early Renascence 
in Lombardy; and it is a matter of regret that, 
during the period of the middle Renascence, 
Classic architecture was injured by the 
Academicalism of Vignola and the other 
Bookists, the colossal-strivings of Michelag- 
nolo and his imitators, and the extravagances 
of Borromini and his fellows. 

This is not a part of the present subject, 
however; and the writer concludes by com- 
mending the Study of Romanesque once more 
to his fellow-students ; and—if they assimilate 
its Strength without its Rudeness, and its 
Freedom without its Looseness—there will be 
grounds for hope of our Twentieth-century 
Architecture ; and the time this evening will 
not have been mis-spent in looking at the 
Photographs of the examples of that strong 
and free Style to which he has had the honour 
of directing attention. 


DISCUSSION. 


The CHAIRMAN thought the meeting was in- 
debted to Mr. Stannus for his delightful exhibition 
of photographs and his lucid and connected account of 
Romanesque architecture. Particularly in North 
Italy, the study of the early styles was very instructive 
because there one noticed better than anywhere else 
how from the old root, which was passing into 
desuetude, there sprang two new growths, Byzantine 
in one direction and Romanesque in the other. In 
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the eastern part of North Italy, in Venice, the 
Venetians, partly from motives of natural affinity, and 
partly because they thought they were more likely to 
preserve that independence which was the main key 
to all Venetian policy, clung to the Eastern Empire, 
and continued to call themselves servants of the 
king of the Romans, and never admitted any 
allegiance to the Western Empire. Consequently, 
in the eastern and northem part of the Peninsula, it 
was noticeable that the Greek influence, which 
emanated from Constantinople, was most broadly 
developed. In the other part, where the Teutonic 
influences came in, and were predominant, the more 
Roman form, known as Romanesque, which found 
its way through Germany, Eastern France, and finally 
to England, obtained. It was very interesting to 
observe how the Italian Romanesque made itself felt 
all along the Rhine provinces. When Charlemagne 
endeavoured to restore and form a Renaissance of 
architecture, his object was to revive the art of 
ancient Rome. In his great church at Aix le 
Chapelle, the forms of Roman architecture were 
embodied, as well as some columns given to him 
by the Pope. The campaniles of some Cologne 
churches and many others on the Rhine remirded 
one of the campanile at Santa Maria Cosmedin at 
Rome, showing that the influence was felt most 
strongly from the centre in Italy. In the same way 
he thought it would be found that, in its turn, the 
German Romanesque, a very beautiful and power- 
ful style, had its influence on the Northern Roman- 
esque of Italy. Then, in its turn, architecture in 
Germany became Gothic, and it was found that the 
Gothic which prevailed in Italy was based mainly on 
German work. So strongly was that the case that 
Gothic architecture would always be found described 
by the old Italian writers as the German style. 
Another interesting point was the survival of round- 
arched Romanesque architecture in those countries 
which were near the old centre of classical architec- 
ture. In North Italy round-arched work was built 
into the 14th century, partly through taste and 
partly also he thought because it lent itself better 
to brickwork, which was one of the chief ma- 
terials at the time. The campanile of San 
Gottardo, at Milan, which dated from well into 
the 14th century, was a purely round-arched con- 
struction, and, at first sight, might take in the 
unwary and make them think it was 150 years older 
than it was. Travelling eastward in the countries 
less exposed to northern influences, in Dalmatia, it 
was astonishing to find how the Romanesque archi- 
tecture survived; so much so, that if a Dalmatian 
mason were set at the present time to build a tower, he 
would perhaps build it in Romanesque. He thought 
it was possible to be too logical in architecture. Mr. 
Stannus had pointed out the decline of architecture, 
and had illustrated it by the use of architectural 
features which had no direct suggestion derived from 
the construction. Architecture was, no doubt, the 
most logical of al] the arts, but ip anything one 


might be too logical. He was sure a lawyer would 
say there was nothing more dangerous than a man 
who carried the principles of law to their full logical 
application, and the same argument applied to 
theology. It was not right to condemn the use of 
architectural features, when they had no direct con- 
structional necessity or meaning. If they were 
condemned, all the arcades with which the fronts of 
cathedrals were decorated, which were used for 
decorative, and very rarely for constructional purposes, 
must also be condemned. He thought logical argu- 
ments must not be pushed to their extreme conclusion 
in architecture, more than in anything else. 


Mr. PHENE SPIFRS considered the paper was of 
considerable value to students in the history of 
architecture, as it would enable them to get a clearer 
insight into the history of the middle ages. He 
agreed with the Chairman that Mr. Stannus had 
gone a little too far in condemning the adoption of 
architectural design as decoration. It would be 
found on analysis that architecture consisted of the 
imitation of features originally constructive, and after- 
wards copied for decorative purposes. The Saracenic 
style was to a large measure composed of such 
constructional features, the principal method of its 
decoration being derived from originally constructed 
features. The decadence of Roman architecture in 
Spalato became the origin of the Romanesque 
arcade, of which so many excellent examples 
had been shown by Mr. Stannus. He desired to 
challenge one or two statements of Mr. Stannus, 
first of all in connection with early buttresses. Mr. 
Stannus had shown some photographs of the 
courtyard of the Church of S. Ambrogio at Milan, in 
which small shafts were carried up to the arcaded 
cornice. But shafts of that kind had another purpose ; 
they were not intended to strengthen, but simply to 
break up, the wall surface. That system had been 
adopted from early times, and would be found in 
some of the buildings of Assyria. At that date with 
a wall 20 feet thick, a six-inch buttress would have 
been of no value at all; it was purely a decorative 
feature. One was accustomed to look at the shafts 
seen in the Lombard buildings of North Italy, especially 
the one at San Zenone, as a clue to the method of 
treating a buttress decoratively, its first origin being 
only a decorative treatment of the surface. In the 
South of France, where they attempted to copy 
Roman forms, arcades, or a series of shafts were 
employed to break up the surface. That, of course, 
to a certain extent, was also the Roman idea. 
Having adopted the arch, which was the real con- 
structive form, the Roman architect utilized the 
Greck orders as a surface decoration. In one of the 
photographs shown of an amphitheatre, the round 
arches in the front were the real constructive form, 
the columns and entablature being added, as it were, 
as an afterthought. Mr. Stannus had alluded to the 
projecting impost moulding used on the inside of the 
arch, but not jn front, in order to support the centering 
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of the arch, and, later on, had shown that the Romans 
carried the moulding round to complete it. It was 
singular to notice that the same happened again 
in the 9th and 10th centuries. The date of an 
old building in the South of France could almost 
be decided by noticing whether the impost moulding 
was returned in front or not. If not, one could be 
quite certain that the building was earlier than the 
great revival after the millenium. Mr. Stannus 
had referred to various sculptures and said that 
they were the work of artists expelled from Con- 
stantinople by the Iconoclasts and, in showing a 
photograph at a subsequent period, had said they 
were the work of the Lombardians. With the ex- 
ception of two or three examples, all the figure 
sculpture shown was Lombardic, but the decoration 
and inter-laced patterns were Byzantine. The only 
animals carved by the early Byzantine artists were 
the eagle and the lion, particularly the eagle. The 
Lombards carved every other kind of amimal, as 
well as the eagle and the lion. In the Church of 
S. Michele, Pavia, the front was made up of fragments 
from an earlier building which were arranged in 
decorative bands throughout the facade. The 
sculptures were certainly of the 8th or gth century, 
much earlier than the date of the church. It was 
argued that the church must be of an earlier 
date, but the general conclusion come to was that 
the date must be two centuries later. He thought 
Mr. Stannus had given a little more credit to the 
Romanesque than it deserved. A great many of the 
devices claimed for Romanesque did not originate in 
that style. For instance, columns were coupled in 
Greece. Whenever a thick wall had to be carried, 
the columns were not placed as they were in the 
cloisters at St. Paul’s outside the walls, but a pier 
was put between with a half column one side and 
a half column the other. The great authority on 
Gothic work, Sir Gilbert Scott claimed, that what 
he called, the subordination of arches, was a Gothic 
invention. Put its origin can be found in Roman 
buildings. There were windows in the Roman Palace 
at Tréves which were actually in three orders, or 
rings set one behind the other. A great many 
other features found in Romanesque art could also 
be traced back to Roman architecture. 


Mr. RICHARD INWARDS congratulated Mr. 
Stannus upon the beautiful photographs with which 
the paper had been illustrated. Scientific men 
had analysed the curves of sound and of those lines 
in which a tuning-fork vibrated, and had called it 
the curve of sines. The Greek architects in setting 
out the entasis of their columns used a curve which, 
according to one authority, was said to be the curve 
of sines. It seemed to him worthy of note that the 
ancient Greeks should have had such a fine feeling for 
harmony and beauty as to pick out the very curve 
which was afterwards found to be the actual curve in 
which beautiful sounds travelled to the car. 
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A vote of thanks to the reader of the paper was 
carried unanimously. 


Mr. StANNUS, in reply, thanked the Chairman and 
other gentlemen who had added to the interest of the 
subject in the discussion. 


Correspondence. 


———_@———— 
CLOCKS, CARILLONS, AND BELLS. 


I find on reference that I was somewhat out of 
accuracy in my remarks in the discussion on Mr, 
Johnston’s paper about the large Westminster bell. 
The first weighed fully 16} tons, and the second 13% 
tons. Instead of their being 13 feet and 16 feet in 
diameter as I stated, the respective diameters were 
the first 9 ft. 5} in. at mouth, the second 9 ft. The first 
was as I stated last evening too large to be taken up 
inside the tower and was broken up, the second was 
made smaller and just went up inside the tower. I 
measured the space some fourteen years ago, and so 
in the lapse of time my memory became a little mixed 
between weight and dimensions. Kindly let this be 
rectified in the report. 

S. B. GOSLIN. 


The Rishopgate Foundry and 
Art Metal Works, 
March 28, 1901. 


Obituary. 
— A 


CHARLES BUCKLAND.—Mr. Charles Buckland, of 
the firm of Henry Sotheran and Co., Piccadilly, died 
at his house at Clapham on March 16th, of pneumonia 
following influenza, at the age of 69. Mr. Buckland 
had been a member of the Society of Arts since 1888, 
and he took great interest in such portion of the 
Society’s work as dealt with book illustration, book- 
binding, &c. He had been connected with the firm 
of Sotheran’s for over fifty years, and early in life he 
was placed in joint charge of the Charing - cross 
branch, where he became known to the principal 
engineers, and a Jurge number of the public men 
connected with Parliament and the public offices at 
Westminster. In 1871, he was appointed to the 
control of the branch of the firm in Piccadilly, where 
his great knowledge of books, and his reminiscences 
of the celebrities of his day, were highly appreciated 
by those who frequented that famous house. In 1893, 
on the retirement of Mr. Henry Sotheran, he, after 
48 years service, became, with Mr. H. Cecil Sotheran 
and Mr. Railton, a partner in the firm. Further 
particulars of Mr. Buckland’s life will be found in a 
highly appreciative obituary notice in the last number 
of the Atheneum. 
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Notices. 
a 


THE PATRON OF THE SOCIETY. 


His Majesty the King who, as Prince of 
Wales, has been President of the Society since 
1863, has now graciously acceded to the re- 
quest of the Society, and has consented to 
become its Patron. 

His Majesty has also permitted the Society 
to continue the use of his profile on the medals 
of the Society. 


THE PRESIDENCY OF THE SOCIETY. 


The Council, acting under the By-laws 
directing them to fill up vacancies occurring 
in the Council, have elected Sir Frederick 
Bramwell, Bart., F.R.S., to serve as President 
until the next annual meeting. 

Sir Frederick Bramwell is now Treasurer of 
the Society. He has served in various capaci- 
ties continuously on the Council since 1875. 
He was Chairman in 1881 and 1882, and 
Treasurer in 1890 and 1895. 


APPLIED ART SECTION. 


The meeting of this Section on the 16th inst. 
will be held in the afternoon at 4.30 p.m., 
when Mr. PERCY FITZGERALD, M.A., F.S.A., 
will read a paper on ‘‘ The True Principles of 
Stage Scenery,” in place of the paper pre- 
viously announced to be read by Cecil Smith, 
LL.D., on ‘‘ Greek Vases.”’ 


Proceedings of the Society. 


— 


COLONIAL SECTION. 


Tuesday evening, March 26th; THE RIGHT 
Hon. JAMES BRYCE, D.C.L., F.R.S., in the 
chair, 


The paper read was— 


THE COMMONWEALTH OF 
AUSTRALIA.* 


By THE HON. SIR JOHN A. COCKBURN, 


M D., K.C.M.G., Agent-General for, formerly Premicr of, 
South Australia. 


When discussing in the Convention at 
Adelaide the form in which the federal in- 
strument of Government should be cast, and 
how far the provisions of existing Federa- 
tions should be adopted, the Leader ot the 
Convention, the Right Hon. Edmund Barton, 
now first Premier of the Commonwealth, re- 
marked—‘‘I, for one, as I do not wish my 
boots made in Germany, do not want my 
Constitution made in Switzerland,” to which 
Sir Richard Baker retorted that he wanted his 
boots made where they would fit him best. 

As the work proceeded it became evident 
that many ready-made provisions such as that 
to which Mr. Barton referred were not at present 
applicable to Australian conditions. The mem- 
bers of the Convention turned more and more 
away from the facile method of proposing 
clauses from the Constitutions of the United 
States, Switzerland, and Canada. Scissors and 
paste were laid entirely aside ; even the voice 
of eminent federal authorities, so potent in the 
early stages, grew feeble in their ears. 

In one respect alone did the tendency to 
follow a preconceived idea persist. On 
entering the unfamiliar federal territory, there 
was a general desire to depart no more than 
was necessary from British traditions. Putting 
aside all precedents to the contrary, the Con- 
vention determined to incorporate the principle 
of responsibility of Ministers to Parliament 
with the bicameral arrangement peculiar to 
federation. In spite, therefore, of the family 
likeness which the Commonwealth bears to 
other federal systems, the possession of this 
one essential feature of the British Constitu- 
tion indubitably proclaims its parentage. 

Although in their constructive work the 
Constitution-builders took counsel of their own 
necessities and blindly followed no precedent, 
the patterns presented by the great modern 
federations afforded in the early stages of 
deliberation much valuable assistance. The 
first impulse was to follow the model of the 
Constitution of Canada, but a closer investiga- 
tion demonstrated that the plan of the 
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* Postponed from January 2and. 
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Dominion, though admirably adapted for its 
own purposes, would not adequately meet the 
requirements of Australia. 

The dependence of the Lieut.-Governors 
upon the Dominion Executive, the nomination 
of the Senate by the Central Government, the 
inequality of the representation of the Pro- 
vinces in the Senate, and the federal veto 
on provincial legislation, together with the 
possession of the unenumerated powers by the 
federal authority, did not appear to be com- 
patible with the practically unrestricted 
autonomy hitherto enjoyed by the Australian 
colonies. Nor is this to be wondered at. The 
movement which led to the origin of the 
Dominion was in some respects diametrically 
opposed to the forces which formed the Com- 
monwealth. Prior to 1867 Ontario and Quebec 
were united under one Parliament. A higher 
degree of consolidation was, therefore, per- 
missible in Canada than would have been 
acceptable to Australia, where each colony has 
always had its own legislature. In each case 
the unenumerated powers were retained by the 
Original bodies, and only specified powers con- 
ceded to the new formations. 

From the closely-knit Dominion attention 
was then turned to the United States, where 
the genesis of the union as a product of the 
States was analogous to the process of evolu- 
tion in Australia. Fortunately the monumental 
work of the Right Hon. James Bryce on the 
American Commonwealth appeared just before 
the debates on the framing of our Constitution 
commenced. Thus were we opportunely fur- 
nished with an inexhaustible mine of federal 
lore; and thus was rendered familiar to us the 
happy inspiration of the name of our union— 
‘¢ The Commonwealth ’’—the title which of all 
others holds aloft, before Prince, Parliament, 
and People, the object which should be the 
aim of every true form of Government. 

The close analogy between the requirements 
of the American and Australian States in 
delegating to a newly-constituted central 
authority a portion of their previously enjoyed 
autonomy furnished some striking coincidences 
in the proceedings of the conventions which, 
with an interval of more than a century be- 
tween them, succeeded in forming constitu- 
tions acceptable to the people. 

In each case the difficulty which chiefly 
confronted the convention was that of recon- 
ciling the claims of the large and small 
states, and this was overcome in both cases by 
providing for representation in proportion to 
population in one House, and for equal repre- 


sentation in the Senate of each state irre- 
spective of area and population. Unlike the 
United States, however, the Commonwealth 
provides that Ministers shall have seats in 
Parliament, and that senators shall be elected 
by the popular vote instead of by the state 
legislatures. Unlike the United States, the 
Commonwealth provides for the solution of 
deadlocks by double dissolution, and by joint 
meeting of both Houses ; and excessive rigidity 
is avoided by requiring only majorities of the 
Parliament, of the states, and of the people for 
an amendment of the Constitution, instead of 
two-thirds of the Congress and three-fourths of 
the States. 

The word “‘indissoluble,’’ which, by some 
strange accident or design was omitted from 
the instrument of 1787, and was afterwards, at 
the cost of a million lives, inscribed in cha- 
racters of blood, was, by a dip of the pen, 
incorporated in the Commonwealth. 

Switzerland, that faithful repository and 
treasure-house for the preservation of the 
ancient method of ratification of laws, furnished 
the example of the direct referendum for 
constitutional amendment. 

In the brief space of time at my disposal, it 
would be as impracticable as it is superfluous 
to enter at length into a general disquisition 
on the nature of a federal form of Government. 
Suffice it to say that federation is a compromise 
between centralisation and separation, and 
provides an ingenious device for combining 
the vigour in administration and the high grade 
of individual citizenship enjoyed by a small 
state, with the powers of defence and facilities 
of commerce which are the prerogative of a 
great nation. The affairs of men, in common 
with those of the whole universe, are subject to 
a rhythm of alternate systole and diastole, and 
an ever-varying balance in accordance with 
the tendency of the time has to be struck at 
some portion of the orbit between the centri- 
fugal and centripetal forces. At present the 
tendency is towards aggregation. The day of 
small independent nations is passing away; 
stagnant states are doomed to disappear, 
existing empires are destined to grow still 
larger; all must expand or submit to absorp- 
tion. In federation lies the safe middle course 
between dangerous isolation and unwieldy 
empire. Federation consigns the precious 
jewel of autonomy into joint safe keeping. 
It secures immunity from the danger of a 
crushing conglomeration which may at any 
time fall to pieces by its own weight and, 
Babel-like, involve its disintegrated elements 
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in greater confusion and division than if the 
stupendous task of unification had never been 
attempted. 

The alternatives which present themselves 
to adjacent, distinct communities such as 
were the Australian colonies, are to remain 
separate, subject to all the weakness and 
business inconvenience consequent on that 
condition, or to become amalgamated in one 
mass, or, while still retaining their individu- 
ality, to form a federal union for mutual pur- 
poses. The objections to unification in the 
case of Australia were both obvious and in- 
superabile. The area of the Island Continent 
is almost equal to that of Europe. Texas, the 
largest of the United States, is not nearly half 
the size of Queensland. South Australia is 
more than four times the size of France, and 
Western Australia is larger still. Experience 
has given proof already of many mistakes in 
Australian legislation, due to an insufficient 
knowledge of the conditions obtaining in 
localities far removed from existing capitals. 
Such errors would have been gravely intensi- 
fied if the attempt were made to govern 
Australia from one centre. It would be im- 
practicable to solve with satisfaction the ever- 
varying problems of a young country at a 
distance of from 2,000 to 3,000 miles from 
the source of authority. The genius of the 
British race for managing its own affairs 
would brook the application of no such length 
and rigidity of official levers as would be neces- 
sitated under such circumstances. 

On the other hand, a sentiment in favour of 
union as against continued separation had been 
forming for years, and was nurtured and pro- 
mulgated by the enthusiasm of native-born 
Australians, who conceived a passion for 
nationhood and chafed at the artificial barriers 
between their respective colonies. These 
aspirations were shared to the full by many 
who had become devoted to Australia as the 
land of their adoption. In this, as in many 
other cases, sentiment proved to be the pre- 
cursor of utility—the vague shadow cast to-day 
by the not yet consciously-defined requirements 
of to-morrow. The approximation of the 
capitals by means of railway communication 
intensified the estrangement and ill-feeling 
caused by border custom-houses and cut- 
throat railway tariffs, and these promptings of 
utility were still further reinforced by a contem- 
plation of the incalculable impetus which would 
be given to industry and commerce by the 
achievement of inter - colonial free trade, 
and of the sense of security which would 
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be experienced under a system of federal 
defence. 

It was always felt that the destiny of Australia 
lay in federation, and that the spirit of union 
was only awaiting the fulness of time to express 
itself in material form. In 1850 Earl Grey 
submitted to Parliament proposals for an 
Australian General Assembly, to consist of a 
Governor-General and a House of Delegates, 
composed of two members from each colony, 
with one additional member for every 15,000 of 
its population, the General Assembly to have 
control of customs, posts, intercolonial roads, 
waterways and railways, lighthouses, weights 
and measures, and such other matters as 
might be referred to the Assembly by all the 
colonies. There was also to be an Australian 
Supreme Court. Appropriations for these 
objects were to be made by an equal per- 
centage of the revenue received in all the 
colonies. These proposals, wise in them- 
selves, were, however, eventually abandoned as 
premature. Doubtless, the scheme would, if 
carried out at that time, have interfered with 
the growth of the sturdy independence so 
necessary for the successful development of 
the then scattered and disconnected settle- 
ments. ; 

During the succeeding decade the question 
received much attention, both in colonial legis- 
latures and in select committees to which the 
matter was referred. It appears clear that at 
that time there existed a party, small in 
number but persistent in action, who advocated 
federation as a step toward separation, and the 
fear of some consequent modification in the 
relations with the Mother Country may perhaps 
in part account for the slender measure of 
success which attended many well meant 
efforts. 

The matter continued to be intermittently 
discussed at intercolonial conferences for an- 
other twenty years without any result. In 
1881, at one of these gatherings, a Bill 
on lines similar to those on which the 
Federal Council was afterwards constituted was 
submitted by Sir Henry Parkes, and at a suc- 
ceeding conference in 1883 Sir Samuel Griffith 
framed the Bill which brought that body into 
being in 1885. Owing, however, to the non- 
conformity of New South Wales and the 
merely temporary adhesion of South Aus- 
tralia, the Federal Council never acquired the 
prestige necessary for its effective existence, 
and in spite of an enlargement of its member- 
ship the opposition to it became crystallized 
and intractable. Sir Henry Parkes was in 


384 


JOURNAL OF THE SOCIETY OF ARTS. 


[April 12, 1901. 


every respect a great man, and he had the 
defect of his quality; he appeared to greater 
advantage as a leader than in any other 
capacity. Repeated attempts were made to 
induce him to return to the views of 1881, but 
the charge of the offspring of his first pro- 
posals having passed into other hands, the 
contemplation of its infant growth no longer 
appealed to his parental affection. His active 
imagination became fired with a more am- 
bitious scheme. The opportunity was pre- 
sented by the report of General Sir Bevan 
Edwards on the necessity for federal defence. 
Sir Henry Parkes opened communication with 
the other Premiers, Messrs. Gillies, More- 
head, Cockburn, and Fysh, and eventually 
he and Mr. Macmillan, together with two re- 
presentatives from New Zealand, consented 
to attend a meeting of the members of 
the federal council held in Melbourne, in 
1890, under the presidency of the Hon. 
Duncan Gillies. At this meeting Sir Henry 
Parkes proposed a series of resolutions in 
favour of complete federation, and it was 
resolved that steps should be taken by the 
legislatures to appoint a National Convention. 
Sir Henry Parkes was the president, and Sir 
Samuel Griffith the vice-president of this Con- 
vention, which met in Sydney in 1891. Seven 
delegates attended from each of the six Aus- 
tralian colonies, together with three from New 
Zealand, including Sir George Grey. A com- 
plete Federal Bill was framed, which was 
discussed in a desultory manner by the legis- 
latures, which, however, were paralysed by 
want of interest on the part of the public in 
their proceedings, and the measure dropped 
out of notice. 

Although the statesmen’s movement thus 
proved abortive, the Australian Natives’ Asso- 
ciations did not suffer the matter to remain long 
in abeyance. Sir John Quick started a move- 
ment for a popularly elected convention; and 
at the instance of the Right Hon. G. H. Reid, 
a meeting of Premiers was held in Hobart in 
1895, with the result that Acts were passed in 
most of the legislatures authorising General 
Elections for the purpose of constituting a 
convention on the broadest electoral basis. 
An unofficial convention wa3 held at Bathurst 
towards the close of 180, which greatly stimu- 
lated the interest in the convention elections, 
which took place early in 1897. 

The convention thus constituted consisted of 
ten representatives from each of the colonies of 
New South Wales, Victoria, South Australia, 
Western Australia, and Tasmania, and held its 


first meeting in Adelaide on the 22nd March, 
1897, under the presidency of the Right Hon. C. 
C. Kingston. The Right Hon. Edmund Barton 
was elected leader, and submitted general reso- 
lutions, which were referred to three select com- 
mittees appointed to deal respectively with the 
constitutional, judicial, and financial depart- 
ments. A draft Bill embodying the work of 
these committees was drafted by Mr. Bar- 
ton, Sir J. W. Downer, and Mr. O’Connor, 
This, after amendment by the Convention, was 
submitted to the respective legislatures for 
suggestions; and in order to consider these 
the convention reassembled in Sydney on 
September 2nd. The Bill was finally adopted 
on March 17th, 1898, at a meeting in Mel- 
bourne. 

It is instructive to note the ever-widening 
basis on which these succeeding conventions 
were founded. The delegates of the first 
convention were nominated by the Govern- 
ments, those of the second convention were 
elected by the Houses of Parliament, while the 
members of the final convention were elected 
by the direct votes of the people. The result 
of furnishing this broad basis was the awaken- 
ing of public interest in the work of the con- 
vention, which was sufficient to carry the 
movement through all its stages to a successful 
issue. The proceedings of the convention were 
transacted in the full light of publicity, and 
were sustained at a high level whether judged 
by the standard of eloquence, forensic skill, or 
constructive ability. Although conducted with 
much mutual forbearance, spirited debates took 
place on many questions such as the powers of 
the Senate, the use of the rivers for navigation 
and irrigation, differential rates on railways, and 
the right of appeal. Several times the con- 
vention appeared on the point of breaking up, 
but good feeling and mutual consideration 
always ultimately triumphed. 

The Bill had now to run the gauntlet of the 
referendum. That which took place in June, 
1898, failed, owing to the lack of the statutory 
number of affirmative votes in New South 
Wales. A slight modification was then made 
in the dead-lock provisions to the effect that 
an absolute majority instead of a two-thirds 
majority at a joint meeting of the two 
Houses after double dissolution should suffice, 
and it was also stipulated that the federal 
capital should, when selected, be somewhere 
in New South Wales, but not within 100 miles 
of Sydney. A second referendum, which on 
this occasion included Queensland as well as 
New South Wales, Victoria, South Australia, 
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and Tasmania, resulted in 
ties. 

The necessary addresses praying for the seal 
of Imperial assent were passed by the Parlia- 
ments and forwarded to Mr. Chamberlain. Up 
to this time it had been taken for granted that 
the Bill, as ratified by the Australian people, 
would be accepted at St. Stephen’s. The first 
alarm was sounded by a despatch from the 
Secretary of State for the Colonies to the 
Australian Governments, on the subject of 
appointing delegates to assist in the passage 
of the Bill. Messrs. Barton, Deakin, Kingston, 
Dickson, and Sir Phillip Fysh were appointed 
to act in that capacity. Sir Andrew Clarke, at 
a later stage, took the place of Mr. Deakin. 
After several conferences, the points at issue 
were disposed of with the exception of the 
famous Clause 74, which provided that there 
should be no appeal to the Privy Council on 
Australian questions involving the interpreta- 
tion of the constitution. Those of the dele- 
gates who had been members of the con- 
ventions stoutly fought for the clause as it 
stood ; but, in spite of their efforts, the Bill was 
introduced into the House of Commons with an 
alteration providing for an unrestricted appeal. 
Feeling ran high on the subject both in this 
country and in Australia. Acrimonious corre- 
spondence appeared in the newspapers. Even 
Agent-Generals were let loose from the chain 
of political neutrality, and I was constrained to 
communicate a letter to the Press, of which the 
following is an extract :— 


large majori- 


I cannot but think that the question of what 
authority is to interpret the Constitution as far as 
matters purely Australian are concerned is fraught 
with issues of vital moment both to the welfare of 
Australia and the solidarity of the Empire. The 
written words of the Commonwealth Bill are but the 
framework or skeleton to which the living form will 
be imparted by the interpretations placed upon it 
from time to time by the decisions of the High Court. 
That this will be the case may be inferred from the 
history of the American Constitution, to which, as far 
as regards the balance between the central and the 
State powers, the Commonwealth bears a close 
resemblance. It is notorious that by means of a 
long series of decisions—wise in themselves an 
saturated with a thorough comprehension of the 
genius of the American people —Chief Justice Mar- 


shall moulded the Constitution into its working form. ; 
The ultimate Court of Appeal will frequently be — 


called upon to pronounce a decision on questions of 
purely domestic concern. Of late years the Supreme 
Court of the United States had to decide whether or 
not an income tax could be levied by the federal 
authority. 


Would not all lovers of harmony ` 


earnestly deprecate the settlement of such local 
matters being vested in the hands of an Imperial 
authority? Has not the wisdom of British states- 
manship consisted in a rigid refusal to interfere 
in such questions? ‘The introduction of outside 
influence in a domestic dispute often results in 
the combatants losing sight of the cause of con- 
tention in a mutual resentment against the intrader. 
The establishment of a claim to interpret the spirit of 
the Commonwealth from either dingy Court or stately 
palace in Downing-street may prove, not a link 
which unites, but a handcuff which chafes, and may 
endanger the continuance of those cordial relations 
which it is the devout desire of every son of the 
Empire to see maintained in ev.r-increasing virtue 
and strength. 

“ A message just to hand shows that the solid and 
well matured public ‘opinion of Australia is at last 
awakening to the imminent danger by which its 
dearest desire is threatened, and this view is con- 
firmed by the telegram received by the Hon. Alfred 
Deakin from the Australian Nativ:s’ Association, an 
organisation of patriotic Australians, which wields an 
enormous influence in every colony. 

“The present régime of the Colonial Office has 
been the chief factor in bringing about the recent 
enthusiastic approachment bet ween the mighty mother 
and her children. Is it too much to hope that the 
same active intelligence which has achieved such 
great results may yet be able to devise means to 
avert any occurrence which threatens to disturb this 
devoutly-desired consummation ? ” 

The delegates took the opportunity of public 
banquets given in their honour to reach the 
public ear. It must be admitted that a tri- 
umvirate, like Messrs. Barton, Deakin, and 
Kingston, presented a powerful combination. 
The special gift of each was complementary 
to those of the others. Powerful reason, golden 
speech, and indomitable will constituted a 
totality that was almost irresistible. 

Had the cup of federal expectation been 
dashed from the lips of Australia, no one could 
have foretold the consequences. The position 
was critical, but the alertness and resource of 
the Colonial Secretary were equal to the 
occasion. At the second reading Mr. Chamber- 
lain was able to announce that a compromise 
had been arrived at, to the effect that special 
leave to appeal to the Privy Council might be 
granted in all cases except those involving the 
limits of the constitutional powers of the 
Commonwealth and the states, on which ques- 
tions an appeal was to be permitted only if 
the High Court itself requested it. 

The Bill thus approximated to its original 
form had a triumphant passage through 
Commons and Lords. Both the great parties 
vied with each other in applauding the 
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measure and speeding its stages. Royal 
assent was given on July gth. The table, 


pen, and inkstand used by her Majesty 
on this occasion will ever be treasured as 
Australian heirlooms. Under the Common- 
wealth Act an opportunity was afforded to 
Western Australia to join the union as an 
original state. The presence of the Australian 
contingents fighting shoulder to shoulder on 
the South African veldt, pouring out their 
kindred blood in common cause, left no room 
for dissidence. The referendum to the people 
of Western Australia revealed the existence of 
an overwhelming majority in favour of union. 
The circle of the sister States is now happily 
complete. United Australia will have no 
frontier save that formed by ocean’s mighty 
moat. 

The appointment of Lord Hopetoun as 
Governor-General gave unbounded satisfac- 
tion, and the grave and never again recurring 
responsibility which devolved upon him of 
selecting the first Premier in the absence of 
parliamentary guidance has fortunately re- 
sulted in the formation of a strong Govern- 
ment. The spark of executive authority thus 
communicated to the Commonwealth by the 
Queen’s representative has kindled into a 
steady and self-sustaining flame which will 
spread to many branches of administrative 
activity. Surrounded by his Cabinet the 
Governor-General will exercise his powers in 
a constitutional manner, and will act with 
the advice and consent of the executive 
council. 

One of the first tasks to which Ministers 
will address themselves is to take the neces- 
sary steps for the election of the members of 
the Senate and of the House of Representa- 
tives. The former is to consist of six senators 
from each state, thirty-six in all, elected for 
six years, half to retire every three years. 
The House of Representatives is to be triennial 
but subject to dissolution, and will consist of 
75 members, 26 from New South Wales, 23 
from Victoria, 9 from Queensland, 7 from 
South Australia, 5 from Western Australia and 
§ from Tasmania. The electors for both Houses 
will be identical, and will include women in 
South Australia and Western Australia. Each 
state will vote as one district for senators, but 
will in most cases be divided into districts 
for the election of representatives. No 
plural voting is permitted. The members 
of both Houses are to be paid £400 per year. 
Under these circumstances neither House can 
be expected to play the vdé/e of a conservative 


chamber, though each will revise the acts of 
the other. Members of both Houses must be 
21 years of age, and at least three years resi- 
dent in the Commonwealth, and subjects of 
the Queen, either native born or naturalised 
for five years. The disqualifications are foreign 
allegiance or citizenship, undischarged bank- 
ruptcy, an office of profit under the Crown 
except that of a Minister of State, and a direct 
or indirect pecuniary interest in any agreement 
with the public service otherwise than as a 
member of an incorporated company of 25 per- 
sons. Absence without leave for two con- 
secutive months renders a seat vacant in either 
House. 

The House of Representatives being elected 
in proportion to population will represent 
Australia as a nation, and just as it may be 
said to be constituted on the basis of one man 
one vote, so the Senate, owing to the equality 
of representation of all states within its walls, 
may be regarded as the embodiment of the 
principle of one state one vote. . To it will be 
entrusted the dignity of representing the 
states as distinct entities, and the senators 
from the smaller states will have an oppor- 
tunity of redressing any inequalities to which 
these may be subject in the other House. 
Appropriation Bills and Bills imposing taxa- 
tion must originate in the House of Repre- 
sentatives. These the Senate may reject but 
cannot amend, although it may return such 
Bills at any stage with suggestions for amend- 
ment. This arrangement confers the chief 
power of the purse on the House of Represen- 
tatives; otherwise the powers of the two 
Houses are practically co-ordinate. 

The relative importance which the Houses 
will assume is a matter of much interest, and 
the future of the Senate depends largely on the 
conduct and calibre of the first senators. A 
much debated method of settling dead- 
locks between the Houses has been adopted. 
If the Senate rejects or fails to pass a 
Bill passed twice, with an interval of three 
months, by the House of Representatives, the 
Governor-General may dissolve both Houses 
simultaneously; and if, after dissolution, the 
House of Representatives again passes the 
Bill, and the Senate again rejects or fails to 
pass it, the Governor-General may convene 
a joint sitting of both Houses, and at this 
sitting an absolute majority of the total num- 
ber of members can carry the Bill. 

As a preliminary step towards securing 
Inter-State Free Trade, which is the chief 
object of federation, the departments of 


April 12, tgor.) 


Customs and Excise, together with all their 
officers, were taken over by the Common- 
wealth at its establishment. A uniform tariff 
must be framed within two years. The ger- 
sonnel of the Cabinet is protectionist, and a 
protective tariff is predicated by the necessity 
of raising about £8,000,000 from Customs 
duties. It is greatly to the interest of each 
state to return the ablest men available, irre- 
spective of their fiscal opinions; in view, how- 
ever, of the fundamentally opposed fiscal sys- 
tems of New South Wales and the other states 
the elections must to some extent turn on the 
question of Free Trade and Protection. 

Under these circumstances, it is not difficult 
to forecast the result of the elections, but 
owing to the immense amount of work involved 
in starting the federal machinery the framing 
of the tariff may not be so speedily accom- 
plished as was at one time expected. Goods 
imported previous to the date of the im- 
position of uniform duties are, on transfer to 
any other state within two years of that 
date, liable to the balance of the federal 
duty. As a check on federal expenditure, 
and to prevent any embarrassment to the 
states, it is provided that for'a period of at 
least ten years three-fourths of the net revenue 
from customs and excise shall be paid to the 
states, or applied towards the payment of 
interest on state debts taken over by the 
Commonwealth. | 

The federal Parliament may regulate naviga- 
tion and shipping, and may forbid any preferen- 
tial or discriminating railway rate which is 
adjudged to be prejudicial to any state by an 
Inter - State Commission, which is to be 
appointed by the federal authority for the 
purpose of securing absolute freedom of inter- 
colonial trade. 

An enlargement of the sphere of Australian 
autonomy will take place under the Common- 
wealth, for some of its powers were not previously 
under the control of the Governments of any 
of the colonies—such as the relations of the 
Commonwealth with the islands of the Pacific, 
and fisheries in Australian waters beyond 
territorial limits. The Commonwealth laws 
are also to have force on British ships whose 
first port of clearance and whose port of desti- 
nation are in the Commonwealth. 

External relations will be matters of federal 
concern ; so that to casual observers, as seen 
from the outside, Australia will appear to be 
under one Government. On the other hand, 
the State Governments being nearer to the 
people will concern them more closely 
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than the more remote federal authority ; 
just as it is the walls of a house which 
are visible to those without, while the apart- 
ments are to the inmates the more prominent 
features. Such departments of the exterior 
as immigration, naturalisation, aliens, and 
foreign corporations are placed under the 
Commonwealth control. 

The departments of posts, telegraphs and tele- 
phones, naval and military defence, lighthouses, 
lightships, beacons and buoys, and quaran- 
tine are to be taken over by the Commonwealth 
on dates to be proclaimed ; but as the raising 
and maintaining of any naval or military force 
are among the powers forbidden to the states, 
the defences practically fell under federal 
control at the outset. 

Among the Commonwealth powers are also 
included subjects in which uniformity is 
desirable — such as census and statistics, 
astronomical and meteorological observations, 
weights and measures, bills of exchange, bank- 
ruptcy, copyright, marriage and divorce; to- 
gether with coinage and legal tender, these 
two latter being also among the powers for- 
bidden to the states. 

The federal Parliament is empowered to 
borrow money and impose taxation, and may 
take over from the states the whole or a pro- 
portion of the public debts. The Common- 
wealth is empowered to acquire with the con- 
sent of the states the railways, which are in 
Australia the property of the states. 

The Commonwealth may also accept the 
government of any territory surrendered bya 
state, and new states may be formed by sub- 
division of existing states. Probably these 
provisions will result in the formation of new 
states out of the northern portions of Western 
Australia, South Australia, and Queensland. 
There is nothing which tendsmore to strengthen 
a federation than the formation of new states, 
which from their birth have no allegiance save 
that towards the Central Government. The 
Dominion has benefited in this manner, and of 
the United States, all but the original thirteen 
have been “ born of the Union.”’ 

The tendency of the times towards the exten- 
sion of the sphere of Government activity has 
led to the enumeration of such federal powers 
as conciliation and arbitration for the pre- 
vention and settlement of industrial disputes 
extending beyond the limits of any one 
state; also for invalid and old-age pensions, 
and banking and insurance. 

Some of the above-enumerated powers, such 
as customs, defence, posts, telegraphs, lih - 
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houses, and quarantine, constitute what are 
known as exclusive powers; when these are 
assumed by the Commonwealth, all legislative 
action concerning them is forbidden to the 
states. Many of the powers are, however» 
concurrent, and are capable of exercise both 
by the Commonwealth and the states, the laws 
of the latter becoming invalid whenever they 
come into conflict with the former. In the 
exercise of these optional powers, a considerable 
amount of latitude exists for the play of the cen- 
trifugal and centripetal forces; the formation 
of an Australian public opinion will result from 
the union, and the Commonwealth will have 
the benefit of this in feeling its way into the 
exercise of its full authority. Should the 
tendency be in the direction of a closer union, 
there is a provision for the extension of the 
power of the federal Parliament by the refer- 
ence to it of any subject at the will of any state 
or states. An element of flexibility is thus in- 
troduced which materially modifies the degree 
of rigidity usually inseparable from a written 
instrument of Government. Constitutions, 
tough yet tractable, give the best promise of 
long and healthy life; the most deadly foe to 
organic growth is the atheroma which cannot 
yield without rupture. 

The change of Government is, in some 
respects, fundamental. A federation differs 
essentially from a system of parliamentary 
sovereignty, such as that which obtains 
under the British Constitution. Being in 
the position of parties to the compact, 
no unlimited authority can be placed either 
in the Commonwealth or the State Parlia- 
ments. Each is sovereign in its own 
sphere, but its acts become invalid the mo- 
ment they transgress beyond the boundary line. 
Co-ordination, rather than subordination, of 
function is recognised to be the characteristic 
of federation. The federal authority is 
built up partly of powers ceded by the Imperial 
Government, and not heretofore possessed by 
any of the Colonies, and partly of enumerated 
powers surrendered by the states; but all the 
powers retained by the states will be exercised 
ust as freely and independently as before. 
The Commonwealth has no veto or right of 
interference over the State Parliaments, which 
will be relieved of but a small proportion of 
their previous duties, and will still continue to 
deal exclusively with such subjects as lands, 
agriculture, mining, local government, police, 
education, and generally all matters of internal 
government. 

The State Governors will receive their ap- 
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pointments as previously direct from the 
Crown, and it was decided in the Conven- 
tion without a division that they should con- 
tinue also to be the direct channels of com- 
munication between the states and the Im- 
perial Government. They, in their positions, 
will be as independent as the Governor- 
General in his more exalted sphere. 

The Commonwealth and State laws will be 
equally subject to the arbitrament of the High 
Court, which, as umpire, will decide whether 
the parties are within their respective grounds. 
The High Court is to consist of a Chief Justice, 
and not less than two other Justices. The 
right to trial by jury is incorporated in the 
Constitution. The jurisdiction of the Supreme 
Courts of the states will continue to exist as 
at present, but an appeal will lie to the High 
Court from their decisions. 

Any Bill for the alteration of the Constitu- 
tion must be passed by an absolute majority 
of each House, or by one House twice, with 
an interval of three months; and must be 
referred for approval to the electors. And if 
in a majority of the states there is a majority 
of affirmative votes, and if these constitute a 
majority of all the electors voting the Bill is 
to be presented to the Governor-General for 
the Royal assent. 

The nativity of the Commonwealth, on 
January 1st, was celebrated in Sydney with 
a splendour of pageantry and intensity of 
enthusiasm which have never been surpassed. 
The auspices under which the history of the 
Australian nation has been inaugurated are 
unprecedented in their favourable aspect. 
Watched over and protected by the greatest 
and most powerful Empire the world has ever 
seen, the union of the Australian states has 
been dictated and hastened by no external 
dangers such as those which encompassed 
and compelled other federal formations. 

There yet remains another brilliant festival 
before the citizens settle down into the 
ways of the workaday world. The heir to 
the British throne is to be present in Mel- 
bourne to open the Commonwealth Parliament 
in May, and neither money nor pains will be 
spared to make the event worthy of the occa- 
sion. The spacious exhibition building is 
being prepared for the event. The Common- 
wealth Parliament is to be located in Mel- 
bourne until suitable accommodation is pro- 
vided at the federal capital. 

The federal capital is to be situated within 
territory which is to be acquired by the 
Commonwealth. This area is to be not less 
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than 100 square miles, and there is a strong 
public feeling against its permanent alienation, 
and in favour of the formation of a constant 
revenue by the establishment of a system of 
leasing, which will be beneficial alike to 
occupier and to public owner. The selection 
of the seat of Government lies solely in the 
power of the federal Parliament, and although 
several localities have been suggested, nothing 
is known beyond the fact that the site is to be 
somewhere in New South Wales beyond a 
radius of 100 miles from Sydney. 

Huge events pregnant with vast issues of 
Empire were crowded into the closing year of 
the 19th century. Large as some of these 
appear to loom at present, they are destined 
with the lapse of time to dwindle into distance. 
No such perspective will, however, diminish 
the significance of Australian Union. By a 
happy coincidence the ab urbe condita of the 
Australian Commonwealth has been synchro- 
nised with the calendar, and the new nation 
will grow with the era, and pass from strength 
to strength with its epochs—her chief ambition 
to be deemed a not unworthy scion of a mighty 
race, and proud to be a pioneer in that federal 
path which appears not only to open a way for 
the organisation of the Empire, but to present 
unbounded possibilities for the future of the 
English-speaking world. 

“ The Charter’s read; the rites are o'er; 
The trumpet’s blare and cannon’s roar 
Are silent, and the flags are furled ; 
But so not ends the task to build 
Into the fabric of the world 
The substance of our hope fulfilled. 


“ O People of the onward will, 
Unit of Union greater still 
Than that to-day hath made you great, 
Your true Falfilment waiteth there, 
Embraced within the larger fate 
Of Empire ye are born to share— 
No vassal progeny of subject brood 
No satellite shed from Britain's plenitude, 
But orbed with Aer in one wide sphere of good!”’ 


DISCUSSION. 


The CHAIRMAN said he was sure he was expressing 
the feelings of everyone present in saying that they 
had had the pleasure of listening to an extremely 
interesting and instructive address. Sir John 
Cockburn, in singularly lucid terms and with an 
admirable skill in selecting the more important points 
for comment, had presented a summarised view of 
the considerations which led to the formation of 
the Federation of Australia, and had outlined 
the constitutional system which the country had given 
itself. He had spoken with that intimate knowledge 


and freshness of description which only a personal 
participation could give, because Sir John Cockburn 
was himself an active member of the band of states- 
men who bore a part in bringing the great work to 
completion, and sat in the Conventions of 1890 and 
1891. He had shown how well fitted he was to bear 
an active and leading part in any debates which re- 
quired an interpretation of the feeling of an audience, 
and that he was a master of happy and appropriate 
diction. He particularly congratulated Sir John Cock- 
burn on having added one new metaphor to those hither- 
to available for the purposes of political discussion. 
There were some three or four which were consecrated 
and usually came up in the course of political discus- 
sions, but Sir John Cockburn, from his early profes- 
sional experience, had been able to give another, by 
referring to ‘‘Atheroma,” which was peculiarly 
happy, because the rigidity of the arteries, which was 


_ dangerous to health in the human frame, when trans- 


ferred to the sphere of politics, was no less dangerous 
to the free and healthy working of a political 
constitution. Sir John had quoted a happy phrase 
of Mr. Barton, ‘A nation for a continent, and a 
continent for a nation.” It might be said that that 
was the first occasion when a Constitution had been 
given to a whole continent—in fact, it was the only 
occasion on which such a thing could have been 
done, and the Australians had happily used the 
opportunity. It was an event which might be 


‘looked upon with reasonable pride, not only because the 


Australians were scions of the English race, but also 
on account of the good sense and the spirit of reason- 
able compromise, and the legal and political skill 
which were apparent to anyone who read the debates 
of the Conventions, or studied the constitutional 
instrument itself. It was much to be desired that 
the Constitution should be made accessible in a cheap 
and easy form. At present it was in the Statutes of 
the realm for the year 1900, but it was possible some 
smaller manuals would be published. Experience was 
drawn from all quarters. In the debates references 
were made frequently to the provisions of the Con- 
stitutions of the United States, of Canada, and of 
Switzerland. The conditions of Australia were some- 
what different from those of Canada, but anyone who 
would compare the Constitution of Canada with the 
Constitution of Australia would find that the Aus- 
tralian iustrument was, on the whole, better calculated 
to meet the difficulties of reconciling responsible 
government with federal government and the diffi- 
culties which were inherent to federal government 
itself. Although something had been taken from 
the United States, and something from Switzerland, 
the main lines were, after all, British, and the 
government, by which the working of the Australian 
Commonwealth was to be attempted, was British, 
that was a cabinet government conducted by a 
nominal executive head, representing the Crown, and 
by a practically responsible body of cabinet ministers 
responsible to the two Houses of Parliament. The 
peculiar feature in Australia was that the Cabinet was 
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responsible to both Houses of Parliament, and that 
was a feature quite new in the Australian Constitu- 
tion, because in the Canadian Constitution, although 
there was both a Federation and responsible Govern- 
ment, the Senate was a nominated body, and had not, 
neither by constitutional usage nor by its composition, 
anything like the moral and political weight which 
would evidently belong to the Australian Senate. 
In the United States the President and his Ministers 
were not responsible to Congress, and, therefore, the 
position of the two co-ordinate Houses in that country 
offered very distant similarity to the Australian case, 
because there the President was independent of Con- 
gress, whereas, in Australia, the Ministers were 
responsible to the two Houses. It would, therefore, 
be a matter of the greatest possible interest to 
students of political theory to watch how the Austra- 
lian system developed, and how those two plans, 
never previously united, of co-ordinate Houses and 
responsible government, would be found to work. 
He supposed that in practice it would be understood 
that the larger House, the House of Representatives, 
would be the House which would make and unmake 
Cabinets, since it controlled the purse. Although 
that was not written in the Constitution, it might 
be it was on that understanding that the Con- 
stitution would set to work. That would partly 
give a direction to the whole system, but at the same 
time the fact that those two bodies had powers so 
nearly equivalent must lead to some new develop- 
ments, and would deserve to be studied with the 
closest attention by all who were interested in the 
subject. Another very interesting provision was 
that for the removal of dead-locks, and as dead-locks 
were phenomena not unknown in America and in 
this country, it would be interesting to observe the 
working of the provision which Australian ingenuity 
devised for getting rid of them. It might be said, 
generally, that the whole Constitution was extremely 
democratic, more democratic than the Constitution 
of the United States, the Constitution of Canada, the 
Constitution of Switzerland, or the Constitution of 
France. It was more democratic than the Constitutions 
of the several Australian colonies, although they had 
gone further in that direction than, perhaps, any 
other great country. Therefore it would be very 
interesting to see how the boldest experiment in 
popular government that had yet been made would 
succeed in its working. A happy issue might be 
anticipated, all the more from the fact that a great 
deal of time and thought had gone to the making of 
the Constitution. The idea of the Federation of 
Australia was mooted as far back as 1850, and 
from 1890 the matter had been constantly in the fore- 
ground of Australian political life. All the provisions 
had run the gauntlet of long and acute discussion, 
and had been confirmed, not only by the debates of 
the legislators, but by the vote of the people them- 
selves. It was likely that the work in which so much 
thought and pains had been incorporated, would be 
all the more permanent. Sir John Cockburn’s 


address had suggested many questions on which, if 
there were time, he would be glad to ask him to 
speak more particularly, especially on the question of 
what parties were likely to be formed. But the 
clock warned him that he must not trespass any 
further on the time of the meeting. The century 
which had just ended was a century which had 
brought the Southern Hemisphere for the first time, 
to any considerable extent, into the political and 
commercial life of the world, and, as Sir John had 
observed, the leading part in the political and com- 
mercial life of the Southern Hemisphere would be 
undoubtedly borne by Australia. They wished, 
therefore, all prosperity, all happiness, and all great- 
ness to the Australian Commonwealth which was 
now starting, and whose first definite step would be 
taken when the Heir to the Throne opened the Parlia- 
ment in the month of May; and they took the 
opportunity of congratulating the Australian states- 
men, of whom Sir John Cockburn was one, whose 
zeal, public spirit, energy, and wisdom, had brought 
about so happy a consummation. 


LorD STRATHCONA AND Mount ROYAL, 
G.C.M.G., was entirely in accord with what the 
Chairman had said as to tbe great obligation the 
Society was under to Sir John Cockburn for his 
admirable paper. The Chairman had said that, 
in some respects, the Constitution of Australia 
was better adapted for the people than that of 
Canada. He had no doubt it was so for Australia, 
but Canada was somewhat differently constituted. 
There was one factor in Canada which was not found in 
Australia; in Canada the majority were English and 
English-speaking, but there was also a large minority of 
French-speaking people. Consequently it was neces- 
sary to provide for this in the Constitution. He did 
not care to institute any comparison as to the advan- 
tages given by the one over the other form of govern- 
ment, but, happily, Canada was satisfied with her 
Constitution, and believed that in it she had a 
great advantage over the former administration of 
the isolated provinces. He had no doubt that Aus- 
tralians would find, as time went on, that it had 
acted wisely in federating the provinces or states 
into one strong central Government. It was earnestly 
to be hoped that when the trouble in South Africa was 
over, there might also be a federation there, and one 
government, as in the other continents. Sixty years 
ago there was a rebellion in the province of Quebec, 
then known as Lower Canada, arising {rom what 
was considered maladministration at the Colonial 
Office; and not only a rebellion amongst the French, 
but an insurrection in Upper Canada amongst the 
English. One of his own countrymen, a Scotch- 
man, was at the head of that insurrection, Lyon 
Mackenzie. It had been acknowledged since, that, 
to some extent, he and his friends were right. 
Seeing that only 60 years ago, at the commencement 
of the reign of the revered Sovereign whose loss was 
so greatly deplored, the people were opposed to each 
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other, and opposed to British government, and that 
to-day there was one united people, notwithstanding 
that the mother tongue of one was French and of the 
other English, it could not be denied that a great stride 
had been made. Both Frenchand English were equally, 
im sentiment, true Englishmen. In the last year they 
had gone both together to fight alongside the Queen’s 
other soldiers in South Africa for the dignity and the 
honour of their country, and the great Empire to 
which they were all so proud to belong. 


Sir THomMAsS FoWELL Buxton, G.C.M.G. (late 
Governor of South Australia), thought he might 
claim that the interesting paper of Sir John 
Cockburn came to him with a special interest, because 
it recalled to his mind debates in the Parliament 
House of Adelaide, of which he was a frequent and 
always interested listener. There was one point in 
the paper he wished almost to raise a question 
about. It was obvious that the Federal Government 
would entail considerable expense upon the revenues 
of Australia, and it must obviously follow that one of 
the most important subjects raised in the local parlia- 
ments would be how to meet by economy the greater 
expense which would fall upon them through the 
central government. It might possibly come to be 
considered expedient to diminish the number of 
members of parliament ; possibly some day to reduce 
the two Houses to one; but, at all events, in some 
way or another, to reduce the great expense of 
government. Then there was raised the question of 
expenditure in Government Houses. He believed that 
it was desired, at present, to maintain Government 
Houses as they had been in the past. Sir John 
vockburn had mentioned how the power and the 
position of the Governors were to remain unchanged ; 
he himself was under the impression that they were to 
remain unchanged, but that the matter was subject to 
the wish of the Parliament. At all events, there would 
be a question for the States to meet. If they wished 
the Government Houses to be as they had been in the 
past, more or less centres of society, then the expendi- 
ture would have to be maintained somewhat on former 
lines. If they saw the necessity of diminishing expen- 
diture, then they would have to realise the fact that 
Government Houses could hardly maintain the social 
aspect they had maintained in the past. Sir John 
Cockburn had referred to that most interesting topic, 
the laws relating to the intrusion of other races. He 
was sure that everyone agreed with what Sir 
John Cockburn said in reference to the necessity 
of keeping pure the Anglo-Saxon blood of Aus- 
tralia. He (the speaker) might claim to have 
intimate friends amongst members of Parliament of 
Adelaide and in the hills round the beautiful house 
which was provided for the Governor, and wherever he 
went he felt he was essentially amongst the best 
blood of England, which had suffered no injury from the 
ittle intermixture of G::mın which had been intro- 
duced into the Colonies. Yet he thought it must be 
remembered how important it was, in view of the 


interests of the Empire, that great communities like 
British subjects in India or British subjects in parts of 
China should not feel themselves as it were insulted. 
It would be grievous that a traveller like the Gaikwar 
of Baroda, or some faithful servant going over to 
Australia should feel excluded by any legislation 
directly aimed at them. He hoped that their feelings 
and sentiment would be regarded when that question 
arose. 


Viscount HAMPDEN, G.C.M.G. (late Governor of 
New South Wales), said that knowing Sir John 
Cockburn in Australia and the admirable work he 
had done, he was very glad to add his thanks to 
those of the other gentlemen who had spoken. There 
was only one point which he could not follow, and 
that was with regard tothe 74th Clause. He thought 
it was the right of every British subject to appeal to 
His Majesty’s Privy Council, and in respect to that 
matter he believed that the whole of the mercantile, 
trading, and industrial classes in Australia were in 
favour of the retention of the clause. Every Chief 
Justice in Australia, all of whom were most upright 
and honourable men, expressed their opinions in 
favour of the retention of the clause. He was very 
sorry to see the statement made by one of the dele- 
gates attributing to those great lawyers any unworthy 
motive in asserting their opinions. He believed that 
if His Majesty’s Government had stood firm on that 
occasion the right of appeal would have been main- 
tained for all British subjects throughout His Majesty’s 
realms, and no harm would have happened to the 
Bill. In the interests of Australia he believed it 
would be admitted she had done well in accepting 
federation. Custom barriers were now broken down 
between the different States, and there must be a 
great increase to her internal trade, and if, as he 
believed would happen, the federation of railways 
followed upon the federation of the States, there 
would be a still further and greater impetus given to 
the trade of the Colonies. With respect to Imperial 
interests, he was not quite so clear. One great 
advantage would be that the King’s Ministers 
here would be able to discuss the questions 
with one Minister representing all Australia in- 
stead of discussing them with many Ministers 
holding, perhaps, diverging views in the interests 
of their separate States. It was impossible 
to think that on account of this federation there 
would be a change in the fiscal policies of the 
Colonies. His friend, Mr. George Reid, who was 
Prime Minister the whole time he was in New South 
Wales, had already started on a campaign in the 
interest of the principle of Free Trade, but from what 
he knew of Australian matters he should say it was 
not a question either of Free Trade or Protection, 
because Victoria would have to meet New South 
Wales in the tariff half-way, and New South 
Wales would have to meet Victoria, and it 
would be impossible for any Minister at the present 
time if he wanted to raise eight millions of money 
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to do so without having a tariff for Revenue 
purposes. There could not be any change in our 
fiscal policy or theirs. The Australians were a loyal 
people, loyal to the British connections, loyal to a 
very large extent from sentiment, but the loyalty was 
also based on self-interest, and he would not, for his 
part, see any attempt to strengthen that loyalty by 
any trade arrangement, because ths Australians did 
not want preference for any of their goods, except 
such as corn and wool. Was it possible there would 
be any British statesmen who would attempt to 
propose such a policy to the English people? With 
regard to the great question of Imperial Federation, 
he did not think the Australian Federation would 
assist that in any sense. Sir John Cockburn had 
mentioned the opinions of Australia with regard to 
coloured races. If Imperial Federation meant any- 
thing like representation of the different parts of the 
Empire in a great Assembly, he did not think the 
Australians would be very willing to sit on equal 
terms in the senate with some of the coloured races. 
It was clear that the Australians must be left alone to 
work out their own salvation. They wanted to 
manage their own affairs in their own way, and they 
would not agree to any restrictions which would in 
any way interfere with their complete freedom. 


Professor Sir FREDERICK POLLOCK, Bart., LL.D., 
considered that the development of federation and the 
growing complication of relations between different 
parts of great empires had for the space of about a 
generation really been transforming the law of 
nations, and the old-fashioned individualist law of 
nations, he ventured to affirm, would be obsolete 
within the lives of all present at that meeting. The 
notion that the civilised world was divided be- 
tween a number of independent and equal pro- 
prietors, like so many county squires, all living 
each within his own ring fence, appeared to him to be 
gradually becoming untenable. There was the 
Canadian Federation, which was really the formation 
of a new nation; there was the formation of the 
German Empire very shortly after that, an Empire in- 
cluding countries like Prussia and Bavaria which it 
would be absurd to regard as having really lost their 
individuality; there was the operation, slow but 
powerful, of what was known as the Concert of 
Europe, which was a standing denial of the pretended 
absolute equality of the Powers ; and finally there was 
the Commonwealth of Australia with all its pos- 
sibilities. There were also further developments of 
the British Empire and the English-speaking world 
in general which might take place in the future, 
and would not be, as was formerly assumed, in 
the direction of multiplying absolutely independent 
nations. With regard to the question of the 
ultimate appeal on the interpretation of the 
Constitution, it seemed to him that in the case of 
Canada, for reasons which were partly indicated by 
Lord Strathcona, it was right and necessary to main- 
tain the ultimate right of appeal to the Judicial 


Committee at home, but those reasons did not exist in 
Australia, and, therefore, it also seemed to him that 
the Australians had done perfectly right to keep the 
interpretation of the Commonwealth Act, except in 
very exceptional cases, of which the High Court of 
the Commonwealth itself was to be the judge, in the 
hands of the High Court. He was very much 
interested in new legal experiments, and he wanted 
to see the Australian John Marshall. It was a 
curious circumstance that the United States had 
just then been celebrating the centenary of John 
Marshall’s appointment to the Supreme Court at 
Washington. Obviously, no one present at that 
meeting would see the corresponding centenary cele- 
bration of the future John Marshall of the Common- 
wealth of Australia, but they might live to read 
some of his judgments, and if he could see his way 
to spare the time for a voyage to Australia he should 
say that he even hoped to hear them. 


The CHAIRMAN proposed a vote of thanks to 
Sir Jobn Cockburn, which was unanimously adopted. 


Sir JoHN COCKBURN, in reply, said the fact that 
so distinguished a statesman and historian as Mr. 
Bryce had been able to spare time to attend the 
meeting, and to make so many complimentary 
remarks about the Commonwealth Act, would be 
deeply appreciated by Australians, who regarded 
him as the first authority on federal constitutions. 
With regard to parties, the first party question, of 
course, would be that of the tariff. But after that 
he had not the slighest doubt the parties would 
settle down, as they did in the United States, into 
those who believed in the continuation of the present 
balance of powers, and those who wished to see a 
closer amalgamation. As to the introduction of distin- 
guished Asiatic visitors there was no difficulty what- 
ever on that score. There was plenty of common sense 
in Australia which gave the executive power to over- 
come any difficulty of that sort. He believed that what- 
ever executive action was necessary in connection 
with the members of the magnificent Indian con- 
tingent which visited Australia during the late 
celebrations, and were so much admired, and so 
heartily welcomed, was readily and easily taken. 
Australia had the greatest admiration for those 
splendid nations; they admired them in their 
native habitat, amongst their native scenery. It 
was when they came to live permanently in Aus- 
tralia that the presence of alien races, whose ideals 
were not the same as those of Australians, was 
regarded as a stumbling-block ; and he thought Aus- 
tralians would get the sympathy of the vast majority 
of the British race in their endeavours to maintain 
Australia as a white man’s country. Lord Hamp- 
den touched on the knotty point of Clause 74. 
He held exceedingly strong views on the subject, 
and was inclined to think that most of the members 
of the Convention held similar views. A federal form 
of government was of a delicate, intricate nature, and 
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unless a man was well saturated with federal ex- 
perience it was difficult to see how just divisions could 
be arrived at. In the United States the Su- 
preme Court had actually to decide whether under 
the United States constitution it was competent to 
have an income-tax in the United States. Fancy 
Downing-street giving the final judgment on a ques- 
tion of that sort! Such interference with autonomy 
was opposed to the very spirit of the British Con- 
stitution. He admitted there was a difference of 
opinion. Many traders and many distinguished 
Judges took strong views, but he was very glad that 
his side won. He was much interested in the 
remarks of Sir Frederick Pollock. 


Miscellaneous. 
a 
THE CARRARA MARBLE INDUSTRY. 


The product of the Italian quarries is known and 
recognised wherever marble is used, as embodying all 
that is best and most desirable in this material. In 
colour and texture, durability, economy in working, 
soundness and capability of receiving the highest 
finish, it cannot be surpassed, and is rarely equalled. 
The so-called “ Carrara district ’? embracing the com- 
munes of Carrara, Massa, Pietra Santa, Seravezza, 
Stazrema and Arni, is the centre of this industry. 
Carrara and Massa are the two most important 
communes, the former having a population in the City 
itself of 21,000 souls, with an additional 21,000 in the 
mountain villages surrounding it and forming part of 
the commune. These villages are inhabited almost 
entirely by the quarrymen and labouring classes. 
The commune of Massa has a population of about 
24,000. Broadly speaking, the entire male population 
of these two communes is actively engaged in some 
branch of the marble industry. According to Consul 
Smith of Leghorn, there are at present in the district, 
611 quarries in active operation, of which 345 are at 
Carrara, 50 at Massa, and the remainder distributed 
among the places mentioned above. In addition to 
these, there are, perhaps, double the number which 
have been opened and afterwards abandoned as being 
unproductive, or in which, for various reasons, active 
work has, for the time being, ceased. Under the 
sanction of ancient laws, the mountains where the 
quarries are found are the property and under 
the direct control of the municipality of the district 
in which they are situated. Applications for leases are 
made to the syndic of the town, and within a reasonable 
time after survey, &c., the concession is granted. 
The concession is permanent, the only conditions 
being that the grantee should formerly renew it every 
thirty years, pay the annual rent, and work the 
property. The rent is merely nominal, some quarries 
producing hundreds of tons annually, paying but 
twelve or sixteen shillings. Failure to pay this for 
two successive years, or to develop the property in 
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the same length of time, renders the concession void. 
Quarries thus leased may be sold or transferred, or 
left as an inheritance by the grantee, at any time, 
without formal permission from the grantor. Until 
1890, the larger part of the output was transported 
to the local mills or to the marina, by ox-team. The 
marina, the shipping point for practically all the 
marble intended for export, is on the sea, six miles 
from Carrara. The quarry railway which had been 
partially built and opened to traffic in 1876, was com- 
pleted in 1890. This road, some fifteen miles in 
length, is a marvel of engineering skill. It runs from 
the marina to Carrara, connecting at Arenza with the 
Genoa. Pisa Rome line on the Mediterranean Railway. 
From Carrara it makes the difficult ascent of the 
mountains through many tunnels and over high 
viaducts, to a point some 15,000 feet above the sea 
level. To the ordinary observer the system of quarry- 
ing and handling the marble at Carrara, appears 
exceedingly primitive. A few years ago a system of 
sawing the blocks of marble out of the quarries by the 
use of an endless wire mounted on standards and 
pulleys, was introduced. Its use, however, is very 
limited, and but very few of the quarries have adopted 
it, the old method of blasting necessarily causing a large 
amount of waste being followed. Months are spent in 
drilling by hand the necessary holes for the powder 
charges. Masses of marble, often weighing from 
4,000 to 5,000 tons, are thus loosened and thrown 
out from the face of the cliff at one discharge; then 
comes the slow and tedious process of moving this 
mass into position to be sawn into marketable sizes. 
This sawing is done by hand also; a single, narrow 
iron blade, fitted into a large wooden frame, and 
worked by two men, one at each end of the frame, 
with the aid of water and sharp sand, accomplishes 
the work. Progress is necessarily extremely slow, 
weeks and even months being required for the process. 
In the majority of cases the quarries are far above 
the points reached by the railway. The blocks are 
then placed on skids and lowered down the sides of 


` the mountain by ropes and slings to the loading docks. 


Here, it is stated, derricks could be used to enormous 
advantage in placing the marble on the trucks, but 
the loading is done entirely with rollers, skids and 
crowbars. Blocks intended for sawing at the local 
mills are transported thither by either the railway or 
ox team; if intended for exportation they are sent to 
the Marina. During the year 1899, 204,813 tons of 
marble, valued at £700,000, were shipped abroad, 
and about 20 per cent. of the shipments were for the 
United States. As has been stated, the municipality 
leases the quarries for a merely nominal sum; it 
exacts, however, a toll on all black marble shipped 
of about 1}d. per cubic foot, and on sawn slabs 
at the rate of 34d. per ton. Manufactured marbles, 
statuary and the like, are exempt from this tax. Many 
varieties of coloured marbles are found on the moun- 
tains surrounding Carrara. Two varieties of blue, 
dove-coloured marble, known as ‘“ Bardiglio,’’ and 
‘“ Pavonazro,”’ are well known, the latter being largely 
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used, and commanding a high price. Some new and 
very beautiful fancy marbles have recently been 
discovered near the villages of Grognana and 
Castelpoggio, north of Carrara. In the vicinity of 
Castelpoggio a very fine variety of red marble is 
quarried. Some varieties of the well-known black 
and gold marble are found at Monte d’Amiand Foce, 
near Carrara. It is similar to that found at Ponto 
Venere, in the Gulf of Spezzia, having a dense black 
ground crossed in all directions by yellow veins. 
Besides these coloured marbles some fine onyx has 
been discovered at Monte d’Arni. These quarries 
are not now in active operation, it being found 
unprofitable to work them under present conditions. 
The merchants and exporters of Carrara also deal 
largely in the well-known Siena yellow marble, and 
the various varieties of Numidian marbles. The 
latter are brought from the quarries of Oran, in 
Algeria. The extent of its trade with all nations, in 
its own particular line, with the variety, quality and 
beauty of its marbles, justly entitles Carrara to stand 
at the head of the marble producing centres of the 
world. It has occupied this position for centuries, 
and bids fair to continue to do so for many years 
to come. 


Correspondence. 
S 


THE GROWTH AND TREND OF INDIAN 
TRADE. 


In dealing with so comprehensive a subject as the 
trade of India it was perhaps not possible for Mr. 
Tozer, within the limits of a single paper, to pass in 
review every consideration by which that trade is 
influenced, but it appears to me that more might have 
been advanced in connection with the influence which 
railways have had in promoting its extension. A paper 
which I recently read before the Royal Statistical 
Society on “ A Review of Indian Statistics” was 
accompanied by a diagram showing together the 
yearly progress of trade and railways in India, from 
which it was made clear that whilst the average in- 
crease in the exports from India had been at the rate 
of £4,500,000 per annum for every 1,000 miles of 
railway opened, the increase of imports had been at 
the rate of a little over £3,000,000 per annum per 
1,000 miles. The railways of India have been the 
means of opening out to communication with other 
parts of the country, and with the outer world, many 
districts which were previously land-locked, and so 
enabling land to be brought under cultivation which 
could not otherwise have been profitably tilled. 

In dealing with the question of the further exten- 
sion of railways in India, the indirect advantages to 
Government, as well as to the country in general, has 
never, so far as I am aware, been fully and properly 
taken into consideration. The apparent net loss to 
the State in connection with its railways was for 
1899-1900 & 8,000, and the accumulated apparent loss 


from the commencement of railway construction has 
by now amounted to a very large sum. If, however, 
against this be placed the increased revenues derived 
from land and from other sources consequent upon 
the construction of railways in India, there can be 
little doubt that the returns to Government, direct 
and indirect, have been very real and substantial. 

A question, however, for serious consideration, is 
whether the extension of railways in India has been 
commensurate with the necessities of the country, 
and, if a comparison be made with other countries, 
there can, I think, be little doubt but that the reply 
must be in the negative. I have compiled a table 
showing, for all the 27 principal countries in the 
world (which is too lengthy to be given here) the 
area, population, length of railways, square miles of 
country per mile of railway open, population per mile 
of railway open, total amount of trade, and total 
amount of trade per head of population. This is 
very instructive, and gives considerable force to the 
argument in favour of railway construction as a means 
for the development of the resources of a country, 
of its trade, and, consequently, of its material pros- 
perity. From this table, it appears that Belgium 
comes first with regard to railway development in 
comparison with its area, it having one mile of railway 
open for every four square miles of territory; the 
United Kingdom comes second with one mile of line 
for each 5'6 square miles of territory; whilst India 
comes eighteenth, having only one mile of line per 
71°76 square miles. With regard to population per 
mile of railway, the United States comes first, the 
United Kingdom eighth, and British India twenty- 
fourth, the figures being, 331, 1,739, and 12,172 | 
respectively. With regard to trade per head of 
population, the Netherlands comes first with £57, 
Belgium second with £25, Switzerland third with 
£24, the United Kingdom fourth with £21°6, and 
India last with something under 10s. per head. Thus 
we see that India comes very low in the scale, and, 
although allowances must in all cases be made for 
the varying conditions and peculiarities of different 
countries, the conclusion forced upon one’s mind from 
a consideration of all the circumstances of the case is 
that India does not possess one-half of the rail- 
way conveniences that the necessities of the country 
urgently demand. F. C. DANVERS. 


aaea aaa: 


Obituary. 


—4 


SIR JOHN STAINER, M.A., Mus.D., D.C.L.— 
Sir John Stainer, the distinguished composer, died 
on Sunday, 31st ult., at Verona. He acted in 1892 
as Musical Examiner to the Society of Arts for the 
Practical Examination in Music. He was born in 
London in 1840, and became a chorister at St. Paul’s 
Cathedral at the age of seven. When only 16 he 
was appointed by the Rev. Sir Frederick Ouseley 
(whom he afterwards sycceeded in the Oxford 
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Professorship of Music) organist of the recently 
founded college at Tenbury. At 19 he matriculated 
at Christ Church, Oxford, and graduated in music in 
the same year, being also appointed organist at 
Magdalen College, and in 1866 organist to the 
University. In 1872 he was appointed Sir John Goss’s 
successor, as organist of St. Paul’s Cathedral, which 
post he held until 1888. He was knighted in 1888. 
The particulars of Sir John Stainer’s distinguished 
career have been so fully chronicled in the public press, 
that it is not necessary here to repeat them. 


General Notes. 


——__—_——__—_ 
ARTIFICIAL INDIGO. 


The Berlin correspondent of the Standard writes 
as follows on this subjeet :—‘‘ The Press, especially 
abroad, has repeatedly stated that the German Naval 
Administration refuses all woollen cloth dyed with 
synthetic, or artificial indigo, and requires that all 
blue materials shall be dyed with natural indigo from 
India. The English indigo planters in India, how- 
ever, must not be too sanguine of retaining this 
market. The Naval Administration takes a lively 
interest in the artificial indigo made in Germany. In 
view of the necessity that naval clothing should be as 
durable as possible, the new synthetic dye is to be 
subjected to experimental tests, both at home and in 
the tropics. Several hundred pairs of woollen 
trousers and shirts, dyed with synthetic indigo, have 
been sent to a ship abroad for this purpose. Until 
these experiments are ended, all eontracts for woollen 
stuffs stlpulate that they shall be dyed with natural 
indigo, and there is no doubt that, if both dyes are 
proved to be equally good, the German artificial pro- 
duct will be preferred to the English natural one.” 


———— EE 
e D 


MEETINGS OF THE SOCIETY. 
ORDINARY MEETINGS. 
Wednesday evenings, at Eight o’clock :— 

APRIL 17.—‘ The Synthesis of Indigo.” By 
Pror. RAPHAEL MELDOLA, F.R.S. SIR HENRY 
E. Roscoe, LL.D., D.C.L., F.R.S., will preside. 

APRIL 24.—“ Patent Law Reform.” By 
ALEXANDER SIEMENS. The Right Hon. the LORD 
Curr JustTICE, G.C.M.G., will preside. 

May 1.— “Thames Steamboat Service.” By 
ARNOLD F. HILLS. SIR FREDERICK BRAMWELL, 
Bart., D.C.L., F.R.S., President of the Society, will 
take the chair. 

May 8.—‘ School Work in Relation to Busi- 
ness.’ By SIR JOSHUA FITCH, LL.D. 

May 15.—“ Syntonic Wireless Telegraphy.”” By 
GUGLIELMO MARCONI. 

May 22.— Testing Distant Vision.” 
BRUDENELL CARTER, F.R.C.S. 


By R. 


INDIAN SECTION. 


Thursday afternoons, at 4.30 o’clock :— 

APRIL 18.—‘‘ Madras the Southern Satrapy.”” By 
Joun Davip Rees, C.I.E. The Right Hon. Sir 
MOUNTSTUART ELPHINSTONE GRANT - DUFF, 
G.C.S.1., F.R.S., will preside. ji 

May 10.—“ The Town and Island of Bombay— 
Past and Present.” By L. R. WINDHAM FORREST, 
formerly Chairman of the Bombay Chamber of 
Commerce. 

The meeting of April 18 will be held at the Society 
of Arts; of May 16 at the Imperial Institute. 


COLONIAL SECTION. 


Tuesday afternoons, at 4.30 o’clock :— 

APRIL 30.—“ The British West Indies.’’ By SIR 
NEVILE LUBBOCK, K.C.M.G., Chairman West India 
Committee. 

May 7.—“ The Coal Problem—its Relations to the 
Empire.” By LIEUT. CARLYON W. BELLAIRS, 
R.N. Lorp Brassey, K.C.B., D.C.L., will preside. 


APPLIED ART SECTION. 


Tuesdays, at 4.30 and 8 o’clock :— 

APRIL 16 (at 4.30 p.m.).—“‘ The True Principles 
of Stage Scenery.” By PERCY FITZGERALD, M.A., 
F.S.A. 

May 21 (at 8 o’clock).—‘‘ The Rise and Develop- 
ment of Egyptian Art.” By PROFESSOR W. M. 
FLINDERS PETRIE, D.C.L. 


CANTOR LECTURES. 
Monday evenings, at 8 o’clock :— 
SIR WILLIAM CHANDLER ROBERTS-AUSTEN, 
K.C.B., F.R.S., “ Alloys.” Four Lectures. 
April 22, 29, May 6, 13. 


HOWARD LECTURES. 


Friday evenings, April 26, May, 3, 10, 17 :— 
ALFRED C. EBORALL, A.I.E.E., “ Polyphase 
Electric Working.” 


LECTURE I.—APRIL 26. 

The general treatment of polyphase problems : two- 
phase and three-phase systems—The general require- 
ments of polyphase plant— Polyphase generators : 
standard types and leading features of design— 
Efficiency and pressure regulation—Short circuit 
current and pre-determination of the pressure drop 
on non-inductive and inductive loads. 


LECTURE II.—MAY 3. 

The parallel running of polyphase generators— 
The testing of large generators—Polyphase trans- 
formers: standard constructions and arrangements— 
Efficiency and drop : pre-determination of the latter 
on non-inductive and inductive loads—The heating of 
large transformers—Synchronous polyphase motors, 
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LECTURE III.—MAy 10. 


Polyphase induction motors: standard construc- 
tions and feaures of design—The construction, appli- 
cation, and limitations of the Heyland diagram for 
polyphase induction motors—Examples taken from 
practice. 

LEcTuRE I1V.—May 17. 

The polyphase transmission line: overhead and 
underground work—The effects of capacity and in- 
ductance on the working of the system—The funda- 
mental calculations of polyphase transmission systems 
and installations — The regulation of polyphase 
systems. 

*,* A theoretical knowledge of the subject on the 
part of those attending the above lectures is assumed. 


MEETINGS FOR THE ENSUING WEEK. 


Monpay, APRIL 15...Aeronautical (at the House of the 
Socizty oF Arts‘, John-street, Adelphi, W.C. 
& p.m. 1. Mons. Wilfrid de Fonvielle, “ Aero- 
nautics in France.” 2. Mr. Charles Groombridge, 
“A New Propellor.”? 3. Mr. Eric S. Bruce, 
“ Demonstration of the Meteoroparachute.” 4. 
Exhibition of Lantern Illustrations of the Zeppelin 
Airship, and Mr. Santos Dumont's Navigable 
Ralloon. 

Surveyors, 12, Great George-street, S.W., 8 p.m. 
Mr. Walter C. Ryde, “The Rating of Public 
H ouses.”’ 

Victoria Institute, 8, Adelphi-terrace, W.C., 43 p.m, 
Mr. Warren Upham, “Time Divisions of the Ice 
Age.” 


Tuespay, Aprit 16...SOCIETY OF ARTS, John-street, . 


Adelphi, W.C., 44 p.m. (Applied Art Section.) 
Mr. Percy Fitzgerald, ‘‘ The Principles of Stage 
Scenery.”’ 

Royal Institution, Albemarle-street, W., 3 p.m. 
Dr. Allan Macfadyen, “ Celular Physiology, with 
Special Reference to Enzymes and Ferments.”’ 
(Lecture I.) 

Civil Engineers, 25, Great George-street, S.W., 
8 p.m. Mr. Harry E. Jones, C.E., “Modern 
Practice in the Manufacture and Distribution of 
Gas.” 

Pathological, 20, Hanover-square, W., 83 p.m. 

Photographic, 66, Russell-square, W.C., 8 p.m. 

Zoological, 3, Hanover-square, W., 8} p.m. 1. Mr. 
W. L. Distant, “ Revision of the Insects of the 
Order Rhynchota belonging to the family Coreide 
in the Hope Collection at Oxford.” 3. Mr. 
F. E. Beddard, “ Some Earthworms from 
Tropical Africa, and on the Spermatophores of 
Polytoreutes and Steuhlmannia.” 3. Dr. H. 
Lyster Jameson, “The Identity and Distribution 
of the Mother-of-Pearl Oyster: a Revision of the 
Subgenus Margaritifera.” 

Colonial, Whitehall-rooms, Whitehall-place, S.W.. 
8 p.m. Sir Hubert E. H. Jerningham, “ Trinidad, 
and its future Possibilities,” 

WEDNESDAY, APRIL 17... SOCIETY OF ARTS, John-strcet, 
Adelphi, W.C., 8 p.m. Prof. R. Meldola, “The 
Synthesis of Indigo.” 

Meteorological, 25, Great George - street, S.W., 
74p.m. 1. Mr. William Marriott, ‘ The Special 
Characteristics of the Weather of March, 1901.” 
2. Richard Strachan, “Vapour Tension in re- 
lation to Wind,” 


Sanitary Institute, 744, Margaret-street, W., 8 p.m. 
Messrs. Henry R. Kenwood and W. Butler, 
“ Sewage Purificaticn and Standards of Purity.” 

Microscopical, 20, Hanover - square, W., 8 p.m. 
Mr. Fredk. Enock, “A Demonstration on the 
Metamorphoses of Aschnacianea. 

Archzological Assoc., 32, Sackville-street, W, 8 p.m. 

Mining and Metallurgy, Geological Museum, 
Jermyn - street, S.W., 8 p.m. 1. Mr. E. Henry 
Davies, ‘The Electric Power Station at the 
Pierrefitte Mine.” 2. Mr. Alec W. Marshall, 
“ Hawkins Hill and Hill End, N.S.W.” 3. Mr. 
J. A. W. Murdoch, ‘‘ Note on a Curious Copper 
Deposit.” 4. Mr. S. L. Bensusan, ‘‘ Notes on the 
Dromedary Gold Mines.” 5. Mr. J. J. Jordan, 
“ Note on the Cost of Diamond Drilling.” 6. Mr. 
C. G. Warnford Lock, ‘‘ Notes on Stamp- Battery 
Construction.” 


THURSDAY, APRIL 18...SOCIETY OF ARTS, John-street, 


Adelphi, W.C., 43 p.m. (Indian Section.) Mr. 
J. D. Rees, ‘‘ Madras, the Southern Satrapy.” 
Linnean, Burlington-house, W., 8 p.m. 
Chemical, Burlington-house, W., 8 p.m. 1. Mr. W. 


Ackroyd, ‘“‘Researches on Moorland Water.” 
Part II. “On the Origin of Combined Chlorine.” 
2. Mr. A. G. Perkin, “ Robinin, Violaquercitrin, 
and Osyritrin.” 3. Mr. J. C. Irvine, “ Preparation 
of Orthodimethoxybenzoin, anda New Method of 
Preparing Salicylaldehydemethylether.’’ 4. Messrs. 
Wyndham R. Dunstan and E. Goulding, (a) 
“Action of Alkyl Haloids on Aldoximes and 
Ketoximes.” Part II. (4) “ The Supposed Exist- 
ence of Two Isomeric Triethyloxamines.”’ 5. Mr. 
M. O. Foster, (a) “ Mitrocamphene, Aminocam- 
phene, and Hydroxycamphene.”’ (4) “Action of 
Hydroxylamine on the Anhydrides of Bromonitro- 
camphane. 6, Messrs. C. J. Martin and O. Masson, 
“ The Influence of Cane Sugar on the Conduc- 
tivities of Potassium Chloride and Potassium 
Hydroxide, with Evidence of Salt Formation in 
the Latter Case.” 

Royal Institution, Albemarle-street, W., 3 p.m. Mr. 
Roger Fry, “ Naturalism in Italian Painting.” 
(Lecture I.) 

Electrical Engincers, 25, Great George-street,S.W., 
8p.m. 1. Replies of Mr. H. Ravenshaw and Mr. 
F. Walker to the discussion on their papers read 
at the last Meeting. 2. Mr. A. Campbell, “ Test 
Room Methods of Alternate Current Measure- 
ments.” 3. Mr. C. W. S. Crawley, “Note on 
the Uses of the Differential Galvanometer.” 

Historical, St. Martin's Town Hall, Charing Cross- 
road, W.C., 8} p.m. 

Numismatic, 22, Albemarle- street, W., 7 p.m. 

Camera Club, Charing Cross-road, W.C., 8} p.m. 
Mr. Percy Ames, *‘ Man’s Place in Nature.” 


FRIDAY, APRIL 19...Royal Institution, Albemarle-street, W., 
8 p.m. Weekly Meeting. 9 p.m. Professor J. J. 
Thomson, “The Existence of Bodies Smaller than 
Atoms.” 

Civil Engineers, 25, Great George-street, S.W., 
8 pm. Students’ Meeting. Mr. E. V. Clark, 
‘'The Theory of Cast Iron Beams.” 

Mechanical Engineers, Storey’s-gate, St. James’s- 
park, S.W., 8 p.m. Presidential Address. 

Quekett Microscopical Club, 20, Hanover-square, 
W.C., 8 p.m. 


SATURDAY, Apri 20...Royal Institution, Albemarle-street, 
W., 3p.m. Mr. J. Y. Buchanan, “Climate: its 
Causeand Effect.” (Lecture I.) 

North-East Coast Institute of Engineers and Ship- 
builders. (Graduates Section.) Meeting at New- 
castle-on-Tyne, 7 p.m, 
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All communications for the Society should be addressed to 
the Secretary, Fohn-street, Adelphi, London, W.C. 


Notices. 
— 
APPLIED ART SECTION. 


Tuesday afternoon, April 16, 1901 ; CLEMENT 
SCOTT in the chair. The paper read was on 
‘‘ The True Principles of Stage Scenery.” By 
PERCY FITZGERALD, M.A., F.S.A. 

The paper and report of the discussion 
will be published in a future number of the 
Fournal. 


Proceedings of the Society. 
en 


FIFTEENTH ORDINARY 
MEETING. 


Wednesday, April 17th, 1901; SIR HENRY 
Roscoe, D.C.L., LL.D., F.R.S., in the chair. 


The following candidates were proposed for 
election as members of the Society :— 


Aiyar, S. A. Subrahmanyar, B.A., 122, Mahadana- 
street, Mayavaram, Madras, India. 

Bharucha, Dinsha Manekji, Bharoocha Mohla, Null 
Bazaar, Bombay, India. 

Brown, Henry, Mlanji, British Central Africa. 

Cameron, Kenneth J., Namasi, Zomba, 
Central Africa. 

Cannanore, Rajah of (Sultan Muhamed Ali), Canna 
nore, India. 

Chakravarti, Jnan Saran, M.A., Allahabad, India. 

Chung Ah Yong, Taiping, Perak, Straits Settlements. 

Ewbank, Alfred Lloyd Vandyke Ellesmere, Osterley 
park-road, Southall, Middlesex. 

Lindley, Miss Julia, 74, Shooters’ Hill-road, Black- 
heath, S.E. 

Price, Thomas Rees, P.O. Box 33, Cape Town, 
South Africa. 

Rengiah, G. M., 140, Thambu Chetty-street, Madras, 


India. 
Roskill, Charles, Brockhurst, 


Didsbury, Manchester. l 
Symonds, William Powell, IC.S., Department of 
Land Records and Agriculttre, Bombay, India. 


British 


Fielden-park, West 


Wadia, Bomanjec Ardeshir, 30, Middle Colaba, Bom- 
bay, India. 


The following candidates were balloted for 
and duly elected members of the Society :— 
Amadori, Alessandro, 290, Casella Postale, Rome, 

Italy. 

Barber, C.A., M.A., Government Botanist, Madras 

Presidency, Ootacamund, South India, 

Bell, Charles William, D.L., J.P., High Green 

Manor, Bellingham, R.S.O., Northumberland. 
Cutlack, William, The Grange, Littleport, Isle of Ely. 
Emsley, John William, 7, Napier-street, Bradford, 

Yorks. 

Garton, Edward, 39, Josephine-avenue, Brixton, S.W. 
Griffin, Henry Daly, Aligarh, N.W.P., India. 
Hartford, Samuel, 25, Howe-street, Higher Broughton, 

Manchester. 

Lyle, Abram, Dunvar, Bishopswood-road, Highgate, 

N. 

Peters, John Wyatt, 1, Down-street, W. 
Rickman, William Bennett, 12, Airlie-gardens, 

Campden-hill, W. 

Sealy, George Augustus, 

British West Indies. 
Stephens, J. H., Bangalore, India. 

Tolley, Frederick, 26, Budge-row, Cannon-street, E.C. 
Wallace, William, M.A., 132, Woodsley-road, and 

Southern Higher Grade School, Leeds. 

Westminster, Duke of, Eaton Hall, Chester. 


Buckden, Barbados, 


The paper read was— 


THE SYNTHESIS OF INDIGO. 


By PrRoF. R. MELDOLA, F.R.S., F.I.C., 
For. Sec. C.S. 


It is just about 15 years ago since, from this 
platform, I drew attention to the condition, in 
this country, of a branch of industry in which 
I had seen active service for a period of ten 
years.” The general result of the communica- 
tion made on that occasion to the Society, was 
to show that the supremacy which we at one 
time held in the manufacture of coal-tar pro- 
ducts had been lost, and that the home of that 
industry was to be found on the banks of the 
Rhine and in other parts of the German Empire. 
The statements which were made in 1886 may 
be repeated without much modification in this 
first year of the 2oth century, and, judging by 
the products exhibited in Paris at the recent 
exhibition, with increased emphasis. I am 
aware that since the last occasion when I had 
the honour of addressing this Society, there has 
arisen, in some minds, a kind of idea that it is 
extremely unpatriotic to call public attention 

° “Tho Scientific Devclopnrent of the Coal Tar Colour 
Industry,” Journ. Soc. Arts, May 28th, 1886, vol. xxxiv., ` 
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to any branch of industry in which we are being 
beaten by foreign competitors. We are told 
that this advertisement of foreign products is 
detrimental to the British manufacturer. It is 
needless to say that my acceptance of the 
invitation of your Secretary to read a paper 
on the synthesis of indigo, is a sufficient 
declaration that I do not share this view. 
It is not a question of patriotism with 
the consumer; it is to his advantage 
to get his products as good and as 
cheap as possible, whether they are made 
here or abroad. If they can be made abroad 
better and cheaper than in this country, so 
much the worse for us, but it is useless to 
attempt to check the tide of progress in 
chemical or any other industry, by misrepre- 
sentation as to the nature of the discoveries 
which are being utilised against us, or, still 
worse, by lulling our manufacturers into the 
belief that there is nothing to fear from German 
chemistry and German educational methods. 
It is, admittedly, an unpleasant part to be 
called upon to play—this calling attention to 
national weaknesses. Nevertheless, it is a 
solemn duty which we owe to our country, to 
point out where we are losing ground in the 
great industrial struggle, in order that the 
causes may be sifted out. The real enemies 
of British industry are those, who by virtue of 
their positions as politicians, as economists, or 
as men of science, try to blind the public, and 
to allure the manufacturer and merchant intoa 
fool’s paradise of false security. 

The great industry—chicfly Indian—which is 
now threatened by the resources of modern 
chemistry has been recently dealt with from 
the point of view of the indigo planter by Mr. 
Christopher Rawson,* and it is unnecessary 
for me to make any further allusion to this side 
of the question at present. I may have some- 
thing to say on this point later on, but it seemed 
in the first place desirable in the interests of 
all concerned, planters, merchants, and dyers, 
to give a plain summary of the chemical side of 
the case, without prejudice or bias. It is con- 
fessedly a somewhat complicated piece of 
organic chemical work that has to be unfolded 
this evening, and [ doubt much whether my 
attempt will convey much meaning to those 
among us who are not chemists. But it seemed 
essential that Mr. Rawson’s excellent paper 
should be supplemented in order to make the 
story of indigo complete, and for this reason I 
acceded to the request of the Society. 


* “<The Cultivation, Manufacture, and Uses of Indigo,” 
Journ. Soc. Arts, April 6th, 1900. 


Perhaps also I may be permitted to act as my 
own apologist by stating that I sounded the 
note of alarm in a work published in 1891.* 
Even while the pages of that little book were 
going through the press the discovery of the 
process which has made possible the industrial 
production of indigo from coal-tar and acetic 
acid was announced by Carl Heumann,t and 
this discovery was referred to in a note con- 
cluding with the remark: ‘‘ Of the commercial 
aspect of these discoveries it is of course im- 
possible at present to form an opinion.’’ 
During the ten years that have elapsed since 
the above statement was made, the commercial 
development of Heumann’s work has, as is now 
well known, been carried on in Germany by the 
“Badische Anilin und Soda-Fabrik,’’ at Ludwig- 
shafen, with the result that a synthetical indigo 
has been placed onthe market at a price which 
enables it to compete with the natural colour- 
ing matter. The correspondence in the news- 
papers to which this triumph of chemical skill 
has given rise is a sufficient indication of the 
gravity of the issue at stake between the 
planters and the chemical manufacturers. In 
view of Mr. Rawson's summary of the present 
state of the industry in India and the state- 
ments made in the public press by correspond- 
ents interested in the subject from one or 
another point of view, it is unnecessary to deal 
further with the economic question as to the 
effect of this competition upon the prosperity 
of the indigo-growing districts of India. It is 
sufficiently realised that the success of the 
artificial product means disaster to the planter, 
and there is nothing to be gained and every- 
thing to be lost by shutting our eyes to the fact 
that a struggle has now commenced in which 
the very existence of one of our most ancient 
branches of native Indian manufacture is most 
seriously jeopardised. I may subsequently 
have time to touch again upon the industrial 
aspect of the struggle, but I should, in the first 
place, like to point out—perhaps to superfluity 
--that the chemical intruder, whose advent our 
planters and merchants could naturally not be 
expected to hail with enthusiasm, has been 
made the subject of very unfair attack by many 
of the newspaper correspondents. It appears 
necessary once again to emphasise the fact that 
the synthetical product is not a different chemi- 
cal compound, producing the same shades of 


è “Coal and what we get from it,” S.P.C.K., 1891, pp. 
124-125. 

+ Heumann, Ber. deutsch. ch. Gesell. (1890) 23, pp. 3043 
and 3431: Heumann and Backofen, /d:¢ (1893), 26, p. 225; 
Journ. f. pr. Ch. 43, 111. 
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colour as indigo, but that the actual colouring- 
matter—z.e. the same chemical compound, 
indigotin, is formed by the indigo plant as 
the glucoside indican. I apologise to chemists 
for repeating this well known fact, but there 
is still apparently some misapprehension in the 
public mind on this point.* 


SOME OF THE OLDER SYNTHETICAL 
PROCESSES. 


The history of the chemistry of indigo may 
be said to have become common knowledge 
among chemists at the present time. It is set 
forth in the text-books, and three years ago a 
useful little pamphlet, summarising the state 
of knowledge down to that time, was written 
by Dr. Arnold Reissert t Only last October, 
the great pioneer in this branch of chemistry, 
Dr. A. von Baeyer, on the occasion of the 
inauguration of the Hofmann Institute in Berlin, 
gave a detailed account of the development of 
the subject from the historical point of view. 
The address by von Baeyer is printed in full in 
the appendix to the thirty-third volume of the 
Berichte der deutschen chemischen Gesell- 
schaft. The time available on an occasion 
such as this is quite inadequate for the dis- 
cussion of the scientific development of the 


CH. CH3 ——» CcHs. CH: Cl ——» CcoHs. CH2. CN 


chemistry of indigo with any approach to com- 
pleteness—even if the writings of the authori- 
ties referred to had not rendered such discus- 
sion superfluous before the present audience. 
For those who are not versed in this particular 
domain of chemistry it will, no doubt, be a 
matter of relief that the formal presentation of 
the case, from its purely abstract scientific 
aspect, may be dispensed with. In endeavour- 
ing to tell the story of the synthesis of indigo it 
is, however, impossible to exclude all techni- 
calities, and before attempting the task I 
should like to point out that even if the 
synthetical production of the colouring-matter 
on the large scale had never been accom- 
plished, the work of von Baeyer would appear 
no less brilliant to chemists, but would stand 
for all time as a model of scientific research. 
It will be desirable also to emphasise a few of 
the dates which mark certain fundamental dis- 
coveries in the chemistry of indigo. Thus, the 
first incomplete synthesis from isatin was made 
known by von Baeyer and Emmerling in 1870,{ 
and eight years later§ this synthesis was madc 
complete by the discovery that isatin could be 
synthesised from phenylacetic acid, the latter 
being obtained from toluene through benzyl 
chloride and cyanide and hydrolysis. The 
steps in this synthesis are indicated below :— 


—& CoHs. CH2. COOH 


Toluene Benzyl chloride Benzyl cyanide Phenylactic acid 
/ OH COOH 5 j wis CH: PE eei ye : N.OH 
CH: E a reduction ; Ce K > <= y nitrous acid: CgsHi7% ~~~, 
"NNO: i NH Nng7 CO 
Orthonitrophenylacetic acid. Oxindole. Jsatin-oxime, 


CH.N H2 


——» By reduction: CoH JO —v> By gentle oxidation: cnt ~ CO or can yc. 
NH NH/ N 


Amino-oxindole. 


Isatin. 


CO 
——»> By phosphorus pentachloride : CHK N CCl. The latter (isatin chloride) gives indigo on reduc- 
N 


CO JE Ov JEO 
tion :—2 CoH N c.c 2 H; = CH CC > CoH 2 HCl. 
ion eer), + oH f Naa i+ 


\yu 


Isatin chloride. 


The next date that must be specially re- 
corded is 1880 when von Baeyer made known 
another process for arriving at indigo from 


® See, for instance, letters in the 7imes of November 13, 
16, and 27,1900. The writers all erroneously assume that the 
competing substance is an indigo substitute. Compare, on 
the other hand, Alfred Schmidt’s lecture on ‘‘ Natural v. 
Artificial Indigo and its Application on Wool,” delivered 
before the Society of Dyers and Colourists, Bradford, 
February 23, 1899. Also the opinions expressed by Dr. Otto 


Indigo. 


toluene, viz., the now familiar cinnamic acid 
method, the steps in this synthesis being also 
indicated as follows :— 


N. Witt and Dr. H. Lange, and published by the Badische 
Company. 

+,“ Geschichte and Systematik der Indigo-Synthesen ; ” 
Ferlin, Friedlinder and Sohn, 1898. 


+ Ber. deutsch. ch. Gesell. (1870), 3, §14. 
} A. von Bayer, /dsd, 11, 1228. 
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CsHs. CH3 = £CeHs. CH. Ch —> £CeHsCHO — me C;H:. CH: CH. COOH 
Toluene. Benzal chloride. Benzaldehyde. Cinnamic acid. 
H; CH, COOH HBr, CHBr, COOH : C. COOH 
—) C.H; —by CHi —r C,H; 
NO3 NO: NO3 


Orthonitrocinnamic acid. 


The latter gives isatin on boiling with aqueous alkali :— 


Je : C. COOH 
aes ee — 
2 


Orthonitrophenyl-dibrompropionic Orthonitrophenylpropiolic 
acid, acid. 
ON O CO 
CH 4 -OH A 
oH “ / Í + 2 


On reduction in alkaline solution with mild reducing agents such as glucose or a xanthate 


the acid passes into indigo :— 


C: C. COOH 
2 CoH 


+ 2 Hg 
NO: 


The action in this case is probably the trans- 
formation of the propiolic acid by the alkali 
into isatogenic acid :— 


co 
CoH Xc. COOH 
NS 


the latter reducing to indigo with the elimina- 
tion of carbon dioxide. 

Although this synthesis of indigo is known 
to every student of chemistry, I have thought 
it desirable to refer to it again, because of its 
technical interest. The cinnamic acid, made 
at first from benzaldehyde, acetic anhydnde, 
and sodium acetate, by the method discovered 
by the founder of the coal-tar colour industry, 
our own countryman, William Henry Perkin, 
was considerably cheapened by the discovery 
made in the laboratory of the Badische Com- 
pany, that benzol chloride and sodium acetate 
gave cinnamic acid directly, without going 
through the intermediate manufacture of ben- 
zaldehyde.* Thus the technical production of 
an indigo generator on a large scale was made 
possible, and, as von Baeyer tells us, the first 
patent bears the date of March igth, 1880. 
We learn further, from Dr. Brunck,f that by 
the spring of 1881, the processes of nitration, 
bromination, &c., had been so far perfected 
that the propiolic acid, as a generator of 
indigo, became a regular article of commerce. 

It is, of course, well known that this first 
artificially-produced indigo could not compete 
in price with the natural product. It is stated 
that its appearance caused much consternation 
among the Indian planters at the time, but the 
warning given by this first encroachment of 
chemical science could not have made any 
lasting impression, if we may accept the state- 
ment of a writer, who, in a letter to the Zīmes 


* Germ. Pats., 17467, of Aug. 14, 1880, and Addition fo 
No. 18232, of Feb. 16, 1881. See Ber. deutsch. ch. Gesell. 
(1881), 15, 969. 

t Ber. deutsch. ch. Gesell. (1900) 33, Ixxiv. 


CO o 
= CHK c: oC ort 
N Y 


of December 27th of last year, after describing 
himself as an indigo planter of 19 years’ ex- 
perience in Behar, goes on to say that “in 
July, 1897, the Badische discovery came like a 
bolt from the blue.’’ It is, perhaps, hardly 
necessary to point out that a chemical synthesis 
of an important commercial product, once 
achieved, is never likely to be allowed to drop 
by scientific and technical chemists until its 
industrial success is assured, or proved to be 
impossible on account of the cost of production. 
If the astonishment declared by this planter 
represented the attitude of mind of all those 
engaged in this industry, I can only describe 
such attitude as indicative of the most deplor- 
able ignorance of the whole history and course 
of development of chemical technology. It 
certainly appears to those who, like myself, 
have no direct connection with indigo cultiva- 
tion and extraction, that the lesson conveyed 
by Graebe and Liebermann’s synthesis of 
alizarin in 1868, and the consequent decline of 
the madder culture, followed as this was in 
1880 by the technical production of a syn- 
thetical indigo-generator, was totally disre- 
garded by the indigo-planters. Sixteen or 
seventeen years elapsed between the first pro- 
cess of von Baeyer described above and the 
introduction of the synthetical indigo produced 
by the latest method. This period of un- 
ceasing research on the part of the chemists 
has not been utilised so far as I can ascertain 
by the planters, who have only begun to think 
about setting their house in order as the result 
of the panic caused by the appearance of the 
synthetical product. 


SYNTHESES OF INDIGO AND SUBSTITUTED 
INDIGOS FROM TOLUENE OR XYLENE 
THROUGH THE ORTHONITRO-ALDEHYDES. 
The studies in the chemistry of the indigo 

group inaugurated by von Baeyer have been 

developed in many directions by.this chemist 
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and his pupils, as well as by other investi- | ideas which have prompted the investigations 


gators. Many methods besides those already 
indicated are now available for the production 
of indigo. Although some of these processes 
are of the greatest scientific interest in throwing 
light on the constitution of the colouring- 
matters of the group, it would be impossible 
on the present occasion to enter into their 
consideration. We are concerned rather with 
the industrial side of the results arrived at, 
and from this point of view our attention must 
be concentrated on those processes which are 
capable of being carried out at such a price as 
to bring the product into practical competition 
with natural indigo. In adopting this treat- 
ment I do not wish to imply that I under- 
estimate the purely scientific work which has 
led up to and has made possible the industrial 
achievements with which we are more imme- 
diately concerned. Nowhere in the whole his- 
tory of manufacturing industry is there to be 
found a more forcible illustration of the inter- 
dependence between pure science and tech- 
nology than is furnished by the production of 
synthetical indigo. But the pursuit of the 


CHO 
CHK + CH3.CO.CHs = CeHy 
2 


Orthonitrobenzaldehyde. 


NO3 


Acetone. 


of chemists and the elaboration of the details 
of structural formulation by which these 
ideas are expressed would lead us too far 
astray into the fascinating by-ways of specu- 
lation. We have to face the stern reality 
of facts and figures. In. other words, we have 
to consider only such processes as are com- 
mercially feasible, and this is tantamount to an 
imposition of the three fundamental conditions 
of all successful manufacturing operations :— 
(1) Raw materials of sufficiently -low price; 
(2) raw materials to be had in sufficient 
quantity ; (3) yield of product sufficiently large. 

Judged by these criteria there are at present 
only two processes which need occupy our 
attention. These can be taken in chronological 
order In 1882 von Baeyer and Drewson initiated 
another series of syntheses by announcing that 
a solution of orthonitrobenzaldehyde ın acetone 
gave indigo on standing with the addition of 
dilute alkali.* In this process the aldehyde 
and ketone condense to form an intermediate 
lactic ketone, which is decomposed by the 
alkali with the formation of indigo :— 


H(OH).CH:2.CO.CHs 


NOs; 
Orthonitrophenyllactic ketone. 


The lactic ketone thus formed gives a good 
yield of indigo, and a soluble compound which 
it forms with acid sodium sulphite was intro- 
duced as an indigo generator by Kalle and 
Co., of Biebrich, in 1893. This may be looked 
upon as the second synthetical product of 
technical importance in the chemistry of indigo 
resulting from the researches of von Baeyer. 
From the commercial point of view it can, 
however, be readily perceived that a process 
which starts from nitrobenzaldehyde is handi- 
capped by the cost of this material. For this 
reason the ‘‘indigo salt’’ of Kalle and Co., 
although an improvement upon the earlier 
propiolic acid of the Badische Company, did 
not come into competition with the natural pro- 
duct to any more appreciable extent than the 
latter acid. In fact, the only practical method 
of preparing the aldehyde in the early days 
of the introduction of this process was by the 
oxidation of orthonitrocinnamic acid or its 
ester, the very samet substance that forms the 
starting point in the earlier synthesis from 


propiolic acid. But the production of the 
nitrobenzaldehyde by more economical methods 
has been made possible in recent times by the 
discovery that orthonitrotoluene can, under 
suitable conditions, be directly oxidised to the 
aldehyde. The industrial synthesis of indigo 
from toluene has by this means been made 
practicable, and one of the features in the 
French section of the Paris International 
Exhibition was the exhibit of synthetical indigo 
made by this process by the Société Chimique 
des Usines du Rhône, of Lyons. It is for 
this reason that I bring forward this process on 
the present occasion as having a distinct claim 
to rank among the industrial methods for pro- 
ducing indigo. How far it is likely to compete 
with the other method of the Badische Com- 


pany may be gathered from Dr.. Brunck’s. 


* Ber. deutsch. ch. Gesell (1882) 15, 2856; 16, 2205; also 
Baeyer and Wirth, Liebig’s Ann. 284, 154. 

+ Friedlander and Henriques, Ber. deutsch. ch. Gesell 
(1881), 14, 2801; Einhorn, /dsd (1884), 17, 121. 
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summary of the position*; and although it 
may be considered a somewhat dangerous 
undertaking for me to attempt to discuss in 
public the merits of a process involving such 
great financial interests, yet there are certain 
chemical considerations which are so very 
obvious to all who have any acquaintance with 
this branch of organic chemical technology 
that it may be almost taken for granted that 
any opinions that I may venture to formulate 
could be, and probably have been, oe 
arrived at by chemical experts. 

The disadvantages under which any process 
depending upon orthonitrobenzaldehyde as a 
starting point must labour have already been 
indicated by Dr. Brunck from the point of 
view of the supply of the raw material, toluene. 
In addition to these it may be pointed out that 
we have to cope with the difficulty incidental 
to all processes of nitration of benzene rings 
with the para-position unsubstituted, viz., the 
simultaneous formation of isomeric nitro- 
derivatives. It is this property of the ben- 
zene ring that has told against the success 
of the original cinnamic acid process and 
against all related processes depending on the 
presence of the nitro-group in the ortho- 
position. In the case of toluene, all three 
isomerides are formed on nitration, the meta- 
modification only in traces. Under the most 
favourable conditions from the point of view of 
the indigo manufacturer, about 66-67 per cent. 
of the ortho-compound can be obtained from 
toluene on nitration.t Under ordinary con- 
ditions, the usual yield is about 63 per cent. of 
ortho-, 35 per cent. of para-, and 2 per cent. 
of metanitrotoluene. There is, of course, a 
market value for paranitrotoluene, the chief 
consumption of which is for the manufacture 
of paratoluidine for the production of the 
compounds belonging to the primuline series 
discovered and introduced into tinctorial 
chemistry by Mr. Arthur Green, in 1887. But 
although the value of the para-compound may 
thus be set off against the cost of producing 
the ortho-compound, it is doubtful whether, in 
the event of all the available toluene being 
converted into indigo, there would be a sufficient 
demand for all the paranitrotoluene produced. 
Then, again, there are other uses for ortho- 
nitrotoluene, more especially for the manu- 
facture of tolidine for the azo-colour industry, 
which, at present, accounts for the greater 
part of the ortho-compound now produced. 


* Loc. cit., p. lxxvi. 
t Rosensticbl, Comp. Rend. (1870) 70, 260. 


This competition between two distinct branches 
of the colour industry for the same ortho-nitro 
compound, might reasonably be supposed to 
raise the price of the latter, and so to affect 
unfavourably the synthetical production of 
indigo from this source. The cost of the other 
raw material, acetone, is probably not very 
different from that of the second raw material 
used in the Badische process, viz., mono- 
chloracetic acid, and so need not be taken into 
consideration in any attempt to estimate the 
relative merits of the two processes. The main 
factor governing the cost of production of 
indigo by this, as by all other methods, 
is, of course, the yield at every stage in 
the series of operations. Trade secrets of 
this kind are—most wisely from the manu- 
facturer’s point of view—not made public, and 
beyond the statement made by Dr. Brunck 
that one kilogramme of indigo requires for its 
production four kilogrammes of toluene, I have 
only one quantitative result to offer. According 
to von Baeyer and Drewson, when pure materials 
are used,as much as 8o per cent. of the theoreti- 
cal yield of indigo is obtained from orthonitro- 
benzaldehyde and acetone. This, from theindus- 
trial standpoint, would be a very good result, but 
it is probably based on laboratory experiments 
with materials of a much greater degree of 
purity than would be employed for technical 
purposes, and it is very problematical whether 
such a yield could be obtained on the large 
scale with less pure materials. Then again, 
with respect to the yield of the nitrobenzalde- 
hyde, upon which so very much depends, we 
have no precise information. The process for the 
directoxidation ofnitrotoluene has been patented 
by both the Badische Company and the Société 
Chimique des Usines du Rhône, and consists 
in heating orthonitrotoluene with dilute sul- 
phuric acid and manganese dioxide to a high 
temperature.* If strong acid is used the oxida- 
tion goes too far, and nitrobenzoic acid is pro- 
duced. 

Iam extremely unwilling to give expression 
to any opinion which may be construed into a 
disparagement of a process of which the inven- 
tors assert that it enables them to supply 
synthetical indigo at a price which competes 
with the natural product. But, in view of the 
magnitude of the interests involved I feel bound, 
on behalf of the Indian industry, to say that, 
were I a planter, I should have no anxiety 
whatever with respect to a competing product 


° Eng. Pat. of Badische Co. No. 22105, of Nov. qth, 1899; 
Journ. Soc. Ch. Ind. (1900), 19, 1009. See also Patent No, 
21947, of Nov. 2nd, 1899; loc. crf. p. 892, 
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which starts from toluene, and involves the 
intermediate manufacture of orthonitrobenzal- 
dehyde. In the absence of quantitative data 
I speak only from general considerations ; I may 
be wrong, and I express the opinion only as an 
individual conviction for whatever it may be 
worth. l 

The suggestion will, no doubt, occur to those 
chemists who are among us that the difficulties 
referred to in connection with the use of toluene 
might be overcome by some of the devices 
known to practical workers, and the process 
thus made more formidable as a competitor 
with natural indigo. If this were successfully 
accomplished there would still remain the initial 
difficulty of the supply of raw material. While 
I am reviewing the various possibilities it may 
be worth while, however, to indicate what 
attempts have been made in this direction. 
The well-known method of compelling a nitro- 
group to go into an ortho-position by blocking 
the para-position was applied in 1884 by 
Gnehm.* In this process the starting point is 
dichlorbenzaldehyde and the raw material 
toluene. The latter can be chlorinated by appro- 
priate methods so as to give 2: 4 dichlortoluene, 
and finally 2:4 dichlorbenzal chloride, from 
which dichlorbenzaldehyde can be obtained 
in the usual way.t The dichloraldehyde gives 
2 : 4-dichlor-6-nitrobenzaldehyde on nitration, 
and this gives tetrachlorindigo by the method of 
von Baeyer and Drewson.{ Other methods de- 
pending on the same principle have been tried, 
but I select this one because a few years ago the 
Badische Company put on the market a tetra- 
chlorindigo made by this process. The Höchst 
colour works, formerly Meister Lucius and 
Brüning, also at one time manufactured a 
dimethylindigo from  orthonitro-metamethyl- 
benzaldehyde.§ More recently the Société 
Chimique des Usines du Rhône exhibited in the 
Paris Exhibition a dimethylindigo obtained 
from the metaxylene of coal-tar. According to 
this process the xylene is oxidized into meta- 
methylbenzaldehyde by sulphuric acid and 
manganese dioxide, and the aldehyde on 
nitration gives the two nitro-derivatives :— 


CH; CH; 

AN NO: 

L) CHO CHO 
NO; 


In both of these the nitro-group is ortho with 
® Ber. (1884) 17, 752. 
+ Erdmann and Schwechten, Ann, 260, 68; also Bad. Anilin 
u. Soda Fabrik, Germ. Pat. 19768, of Feb. 23, 1882. 
+ Gnchm, /oc. cit. 
} Germ. Pat. 21683 of July and, 1882. 


respect to the aldehyde group, and the corre- 
sponding indigos are :— 


CH; oe Se: o ae CH; 
TH 


I venture to think that the indigo planters 
have less to fear from these processes than 
from the nitrobenzaldehyde process. The 
objections that apply to the use of toluene are 
capable of being urged with greater force 
against the use of xylene. Added to these 
disadvantages, there is the obvious fact that 
the products are substituted indigos, and not 
the simple colouring-matter, from which they 
differ in many fundameatal properties. 


SYNTHESES FROM BENZENE THROUGH 
ANILINE. 

There yet remains to be considered the use 
of benzene as a point of departure in the 
synthesis of indigo. This possibility may be 
dealt with before going on to the second 
process of technical importance, that now 
being worked by the Badische Company. Coal- 
tar is known to contain from two to four times 
as much benzene as toluene. Mr. T. Wilton, 
of the Gas Light and Coke Co., informs me 
that they produce about 194 million gallons 
of tar per annum, and that this tar contains 
about 63 gallons of benzene and 3} gallons of 
toluene per 1,000 gallons. More benzene is 
therefore available, and, other things being 
equal, in the event of a good process being 
found, this hydrocarbon would become a more 
dangerous competitor with the indigo-yielding 
plants than toluene. 

From this point of view it is of interest to 
note that many of the earlier syntheses of 
indigo started from aniline, and therefore from 
benzene.* Some of these methods appear 
simple enough so far as concerns the actual 
process of conversion into indigo, but none of 
them have been industrially successful on 
account of the small yield, and their interest is 
now only historical. For this reason, it is 
unnecessary to consider them in detail, and I 
need only give a few of the better known 
among the later discoveries :— 

In 1890, the formation of indigo by the 


® See for instance P. Meyer (aromatic amines and di- 
chloracetic acid) Ber. (1883) 16, 924; 2261 and Germ. Pat., 
25136 of March and, 1883. 
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alkaline fusion of w-bromacetanilide was 
observed by Flimm.* 

The original process of Heumann, published 
the same year,t started from aniline and 
monochloracetic acid, the phenylglycin thus 
formed giving indigo on alkaline fusion. 

In 1896, Rubin Blank found that chlorma- 

CcHs. 


\coo CH; ~ 


Chlormalonic ester. 


NH: + C1HC 


/~ 


N NH — CH. COOCH; 


Aniline. 


eeevestsrerecveenencene 


+  Anilidomalonic ester. 
CHK CH.COOH = 
CO 


` > Indoxylic acid. ` Indozyl 


...From a chemical point of view this process 
is, unquestionably, one of extreme elegance, 
and is of particular interest on account of the 
circumstance that, although the initial com- 
pound is a mono-derivative of benzene, the 
ortho-position is so readily attacked that the 
indoxyl ring-formation takes place with an 
exceedingly good yield. The author states 
that the yields of indoxylic esters obtained 
from aniline and substituted anilines in some 
cases approach the theoretical. Substituted 
anilines would obviously, by this process, give 
substituted indigos. From the industrial 
point of view the process would appear to 
suffer from the disadvantages of the high cost 
of raw materials, benzene and malonic acid, 
as compared with the cost of the naphthalene 
and acetic acid of the Badische process. 
Although, as in other cases, no quantitative 


— | 


lonic ester combines with aniline to form anill- 
domalonic ester, which, on heating above 
200° is converted into indoxylic ester. The 
latter, on hydrolysis and oxidation of the 
acid in presence of alkali, gives indigo. The 
chemical explanation of this process was pub- 
lished in 1898,t and may be thus expressed :— 


/COOC:Hs 
CsH; . NH . CH HCl. 
\cooc:Hs 
Anilidomalonic ester. 
TX 
Z/N 
/ N NH 
N 
J CH .COOC2H; 
N 


Indoxylic ester. 


can YCH: > ETO > C:C Co ea 


Indigo 


data are available for instituting a fair com- 
parison, I am of the same opinion with respect 
to this process, viz., that the planters have little 
to fear, even if its working on the large scale 
were seriously undertaken. 

One other process, belonging to the present 
category, has recently been discovered by 
Sandmeyer, and the patents acquired by Geigy 
and Company of Bale.§ The raw materials 
are benzene, carbon disulphide and potassium 
cyanide, and the intermediate product thio- 
carbanilide. The latter, bythe action of potas- 
sium cyanide and white-lead, gives a compound|| 
which is converted by ammonium sulphide into 
a thio-amide, and the latter is in its turn 
converted by the action of strong sulphuric 
acid into isatin-a-anilide, which gives indigo 
on mild reduction. The chemistry of the pro- 
cess is as follows :— 


NH.CoHs /NH.CHs VH.CeHs 
cs¢ —> CNC —»> NECS.C.C. 

NH.CeHs = N.C.Hs ~~ N.CcHs 
Thio-carbanilide. s“ Hydro-cyancarbodiphenylimide.”’ Thio-amide. 


Thio-amide. 


NN NHN 
2C.H C.NH.CcHs + 2 H: = C uK C 
6 Koo” s 2 6 ö P 


Isatin-a-anilide. 


* Ber. (1890) 23, 57. 
+ Loc. crt. 3043; 3431. 
+ Ber. (1898) 31, 1812. 


+ H2SO, = 


No 
—7C.NH.CoHs + NHy.H.SOs3 
CO 
Isatin-a-anilide. +5 
/NH 
CY YCH + 2CeHs.NH;2 
CO 
Aniline. 
2 Eng. Pats. 15416, of July 27th, 1899, and 15497, of July 


28th, 1899, Journ. Soc. Ch. Ind. (1900), 19, 657. 
|| Laubenheimer, Ber. (1880), 13, 2155. 


Indigo. 
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The raw materials are cheaper in this process, 
and, if the yields of indigo and intermediate 
products were good, there might be some ground 
for regarding it with a certain amount of alarm. 
But nothing is known publicly with respect to 
the yields, and against the success of the 
process as a competitor with the natural pro- 
duct on the one hand, or the Badische process 
on the other hand, is the relatively high cost of 
benzene, and the comparatively limited supply 
of this hydrocarbon as compared with the 
low cost and practically unlimited supply of 
naphthalene. ; 

On the whole, the competition threatened by 
the introduction of processes depending upon 
aniline as a raw material does not, I venture to 
think, assume a very grave aspect so far as the 
planters are concerned. 


SYNTHESIS FROM NAPHTHALENE ANDACETIC 
ACID BY THE BADISCHE COMPANY’S PRO- 
CESS. 


The development of Heumann’s synthesis 
into a practical technological process has been 
described by Dr. Brunck, and as a monumental 
example of scientific skill, patience, and re- 
sourcefulness this achievement is, I have no 
hesitation in declaring, absolutely unparalleled 
in the recent history of chemical industry. I 
am glad of the present opportunity of express- 
ing my thanks to Dr. Brunck for having placed 
at my disposal an advanced copy of his address 
shortly after its delivery in October of last year. 
The unavoidable postponement of the date fixed 
for my appearance here prevented my making 
any use of this information before the publi- 
cation of the address by the German Chemical 
Society. But the complete story, as told 
authoritatively by the Director of the Badische 
Company is now before the world. I recom- 
mend our chemical manufacturers to take the 
lesson conveyed by this story very seriously 
into consideration. I commend it to the notice 
of students of chemistry, who after a course of 
training based on the examinational require- 
ments of this country, come forth from the 
ordeal with the notion that the end of chemical 
knowledge is reached when an equation can be 
written showing (theoretically !) that certain 
weights of reacting materials yield so much 
of certain products. I have associated Dr. 
Brunck with this public declaration of the 
methods employed by the great manufactur- 
ing organisation which he represents, simply be- 
cause the address bears his name and because 
he is the mouthpicce of that organisation. He 


himself knows full well, and he has, in fact, 
told us, how much the success of this achieve- 
ment is due to the magnificent chemical and 
technical staff employed in their laboratories 
and factories. We all know here that Dr. 
Bernthsen is the directing head of that chemical 
staff. If I lay emphasis on these points it is 
because I want the indigo planters to realise 
fully the strength of the forces with which they 
have to contend. The factory at Ludwigshafen 
employs 148 scientific chemists, 75 engineers 
and technical experts, and 305 members of the 
mercantile staff. In 1865 they commenced 
with 30 workmen, and they now employ over 
6,000. The consumption of coal is about 
243,000 tons per annum; water is supplied to 
the factory to the extent of some 20,000,000 
cubic metres annually ; they make 12,000,000 
kilogrammes of ice, and over 12,000,000 cubic 
metres of coal-gas in the course of a year. 
The electric installation consists of eight 
dynamos, the currents from which serve for 
illumination, motor power, and electrolytic 
processes. 102 boilers supply steam, which 
serves for heating purposes and for driving 
253 steam-engines. The factory comprises 
an area of 206 hectares, of which 317,429 square 
metres are covered by factory buildings and 
dwelling-houses. These figures, taken from 
the official report prepared for the Paris Inter- 
national Exhibition, will give some notion of 
the scale on which this factory is working, and 
Dr. Brunck has further told us that they have 
already invested 18,000,000 marks = £900,000 
in the plant necessary for the manufacture of 
indigo by the new process. 

Respecting the process itself, with which I 
am more immediately concerned this evening, 
there is no occasion to recapitulate the steps in 
the historical development so simply and yet 
so completely traced by Dr. Brunck. It only 
remains for me to complete my own story by 
filling in some of the chemical details so that 
this culmination of the indigo work of the 
Badische Company, which has been carried on 
for more than twenty years, may find place in 
the pages of your fournal. We shall, I am 
sure, be magnanimous enough to express our 
admiration at the way in which the great 
practical difficulties occurring at every stage in 
the process have been met and overcome. If 
this admiration is tempered by regret, it is that 
this triumph of chemical science and of 
technical skill that has been turned against 
one of the leading industries of our great Indian 
Empire should not have proceeded from 
our own country, which gave the coal-tar 
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colour industry to the world less than half a 
century ago. If science can afford, by virtue 
of its cosmopolitan character, to be magnani- 
mous, commerce must unfortunately take a 
narrower and more selfish view. There is I 
am bound to confess a certain feeling of 
humiliation in the thought, that if the Indian 
indigo planting is doomed to destruction by 
the resources of modern chemistry, the weapons 
should not have been forged in this country. 
But this was the burden of my story fifteen 
years ago in this room, and it will be the 
burden of many another tale of lost and de- 
cadent industries until there is such a scientific 
awakening throughout the length and breadth 


EPERE EEETEEE 


Phenylglycin. 


This fact was made known to the German 
Chemical Society on Oct. 14th, 1890,* in a 
communication by Heumann from the labora- 
tory of the Polytechnicum at Zürich. It will 
be observed that the hydrogen atom, removed 
from the benzene ring in order to complete the 
indoxyl ring, is assumed to be in the ortho- 
position. In order to test this point, the 
research was extended to the ortho-carboxylic 
acid of phenylglycin obtained from anthranilic 


SN wt. 


of the land, that the empty verbiage of so- 
called ‘‘ politics ’’ shall lose its hold upon the 
public mind, and our statesmen shall be com- 
pelled to govern the country for its best 
interests as a manufacturing nation, depend- 
ing upon science as its chief weapon in the 
great and ever-increasing competition with 
other countries. : 

But to return to the chemistry of the process 
now being worked at Ludwigshafen. The 
original method of Heumann, as already stated, 
set out from aniline and acetic acid, through 
phenylglycin, which substance, on fusion with 
alkali, with limited access of air, gives 
indigo :— 


| CH, ———» Indigo. 
co/ 


s 


Indoxyl. 


acid and chloracetic acid. This carboxylic 
acid or fusion, with alkali as before, gave 
indigo and with better result. A second com- 
munication was made to the German Chemical 
Society by Heumann on Nov. 24th,* the 
industrial investigation of the processes having 
also been taken in hand by the Badische staff.t 

The action of fused alkali upon phenylglycin- 
orthocarboxylic acid, is probably to produce, 
in the first place, indoxylic acid :— 


JN 


> O ~ 
| ae. 24, | C.COOH 
nw, NILC: H: COOH NH” 


Phenylglycin-o-carboxylic acid 


or 


| | Hod 
l H ; 


Z/N i 
bT NNH.CH.COOH 


The indoxylic acid then breaks down into 
indoxyl, which is oxidised to indigo, as in the 
previous cases. 

The industrial disadvantage under which 
this process at first laboured was, of course, 
the cost of anthranilic acid. The older pro- 
cesses for obtaining this compound involved 
the use of orthonitrotoluene as a raw material, 
and were, thercfore, in the same category as 


OPor i SODAT 
Per. (18,5) 23, 3043. 


Indoxylic acid. 


:— (Enolic form) 
7 aa 
( CH.COOH 


the nitrobenzaldehyde processes. The key to 
the success of the Badische process is the 
discovery, by this Company, of a method of 
realising on the large scale the discovery made 
in 1890, by Hoogewerff and van Dorp,t{ that 
phthalimide obtained from phthalic acid and 


® Ber. loc. crt. 3431. 

+ Germ. Pat. 541625 of May sth, 1890, and 56273 of 
July roth, 1890. 

+ Rec. Trav. Chim, des Pays Bas, Vol. X., pp. 4-12. 
also Germ Pat. 53988 of May 16th, 1830. 
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ammonia could be converted into anthranilic 
acid by the well-known method of Hofmann, 
viz., the action of bromine on the imide in 
presence of alkali. According to the generally 
received explanation of this reaction, an inter- 
mediate bromamide is probably formed in the 
first place, by the action of the bromine and 
alkali on the imide :— 


Ca 
CcHa NH Br: KOH = 
NGG + + 
Phthalimide. 


Bromamide. 


The bromamide under the influence of water 
and alkali gives anthranilic acid :— 


Oo Br 
cH4 
COOH 


NH: 
CH: L E Br COs | 
coon" + 


+ H.0 = 


In the presence of excess of alkali it is need- 
less to say that the hydrogen bromide and 
carbon dioxide are fixed. 

This discovery of the Dutch chemists was 
the outcome ofa systematic series of investiga- 
tions which they had been carrying on for some 
years on the action of hypochlorous and hypo- 
bromous acid on imides and amides. These 
investigators had fully realised the importance 
of their discovery, and they explicitly state in 
their paper that the yield is so good that it 
warranted their regarding the method as a 
practical one for obtaining anthranilic acid 
from phthalic acid. From a technical point of 
view a process involving the use of bromine 
is, of course, hopelessly expensive. In the 
Badische process chlorine is used, and it may 
be known to many present that some years ago 
this company introduced a very ingenious 
sulphuric acid pump, by means of which 
chlorine can be compressed and liquefied, and 
stored in steel cylinders, from which it can be 
delivered in the gaseous form in any desired 
quantity. 

Not the least remarkable in the series of 
operations carried out in this process is the 
conversion of naphthalene into phthalic acid. 
The older process of oxidation by chromic acid 
has, as Dr. Brunck informs us, been replaced 
by a method due to one of their chemists, Herr 
E. Sapper, in which very strong sulphuric acid 
aided by mercury is the oxidising agent. For 
practical purposes it may be considered that 
sulphur trioxide is reduced to the dioxide. 


CioHs + 9 SO; = 
Naphthalene. 
CsH.O,4 + 2 CO: + H20 -4 9 SO: 
Phthalic acid. 

It will be seen that a large quantity of 
sulphuric acid is required for the oxidation, 
and that the whole success of the process is 
dependent on the effective recovery of the 
sulphur trioxide. A simple calculation will 
show that the cost of the raw material 
naphthalene is trifling as compared with the 
cost of the sulphuric acid, and, further, that 
for every kilogramme of naphthalene oxidized 
about 43 kilogrammes of sulphur dioxide are 
evolved. All this has to be reconverted into 
the trioxide, and Dr. Brunck has told us how 
by the catalytic process the oxygen of the air 
is utilised for this purpose. At the time of the 
delivery of the address last October, the scale 
on which the manufacture of phthalic acid was 
being carried on at Ludwigshafen necessitated 
the oxidation of 35,000 to 40,000 tons of sulphur- 
dioxide annually. The catalytic process of 
sulphuric acid manufacture was first patented in 
this country by Phillips in 1831, and by Thorn- 
waite, who claimed the use of platinised 
abestos, in 1854 ; it was successfully worked in 
1876 by the firm of Squire, Chapman, and 
Messel, at Silvertown, and was independently 
elaborated by the Badische Company, who have 
brought it to a high state of perfection.* 

The materials used at this stage are, there- 
fore, naphthalene, sulphuric acid, caustic soda, 
and chlorine, the latter being made by an 
electrolytic process. The steps are phthalic 
acid and anhydride, phthalimide and an- 
thranilic acid. The other material is chloracetic 
acid obtained by the chlorination of acetic acid. 
Anthranilic acid and chloracetic acid interact 
readily with the formation of phenylglycin- 
ortho-carboxylic acid as already explained. 
The alkaline fusion of the latter is conducted 
so as to produce the intermediate product 
which oxidizes to indigo by atmospheric 
oxygen. Or the process may be modified so as 
to stop at the indoxylic acid stage, this acid 
being used under the name of ‘‘ Indophor ’’ for 
printing indigo patterns on the fabric. The 
technical difficulties which have had to be 


è See the 36th annual report on Alkali Works of the 
Inspector, May 28th, 1900, pp. 20—24 and 145—146. Also the 
paper by Dr. G. Lunge in Journ. Soc. Chem. Ind., 1899, 
p. 899. The process of Squire and Messel was patented in 
September, 1875. Since 1376, the process, which has from 
time to time been improved by Dr. Messel, has been con- 
tinuously at work at Silvertown. Winkler’s catalytic pro- 
cess, which was similar to that of Squire and Messel, wa 
first published in November, 1875. 
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overcome so as to render the alkaline fusion 
successful on the large scale have been dwelt 
upon by Dr. Brunck, who credits this part of 
the work to the skill and perseverance of their 
chemists, Messrs. Knietsch and Seidel. The 
investigation of this operation alone extended 


over many years. Well may the Director of 
the Badische Company declare that their pro- 
cess of manufacturing indigo did not come down 
to them already perfected from the heavens! 
The following summary shows the various 
steps in the process now being worked :— 


CO 
a a E OO ee 
LA) Ce: Aco” 
Naphthalene. Phthalic anhydride. Phthalimide. 
NH. 
i NH2 ia NH.CH:2. COOH = | ¢.COOH 
COOH COOH ee 
S z% WZ NCOH) 
Anthranilic acid. Phenylglycin-o-carboxylic acid. Indoxylic acid. 


= M A HS 
eo ee | Ch 
(OH) Co” 


—-> 


Enolic form <— Indoxy] 
. To complete the chemical history I may 
further add that indirubin, which also results 

from the oxidation of the glucoside indican, 
and which is, therefore, a constituent of 
natural indigo, can also be synthesised by the 
interaction of the two synthetical products, 
isatin and indoxyl, as shown in 1884 by 
Forrer* :— 


CO 
N Ny 
C,H CH O:C 
oe NH” dii Se 


Indoxyl. Isatin. 


I mention this because there is, I believe, 
an opinion held by some wool dyers that this 
indirubin is essential for the production of 
good shades.. I am unable to speak from 
personal experience on this point; but the 
results of carefully - conducted experimental 
comparisons have recently tended to show 
that there is no real ground for this opinion. 
If, however, the addition of indirubin be in- 
sisted upon, the synthetical product can be 
and has been placed upon the market by the 
Badische Company. Its addition to synthetical 


° Ber. (1884) 17, 975; see also Schunck and Marchlewski 
bid. (1895) 28, 539. 

+See the papers by Schwarzenberg and Schwartz, Bull. 
Soc. Ind. de Mulhouse, 10, 413, 425, and the pampblet pub- 
lished by the Badische Company. 


—} Indigo. 

Ketonic form. 

indigo would no doubt increase the cost of the 
latter, since indirubin must be more expensive 
to produce than indigotin. 

The point upon which the planters are of 
course anxiously awaiting information, is the 
cost of production of synthetical indigo, since 
upon this the whole future of their industry 
depends. I regret that I am unable to supply 
this information. It could not be reasonably 
expected that a company which had devoted 


| seven years to working out the practical details 


of a process, for the carrying out of which pro- 
cess they have invested nearly a million pounds, 
would take the world into their confidence, and 
declare the cost of manufacture. The fact 
that this large amount of capital has already 
been sunk, and that the company are pre- 
paring to enlarge their works so as to increase 
their output, is in itself, I should imagine, a 
sufficient indication to business people that the 
outlook for the Indian industry is most serious. 
Dr. Brunck has been accused in this country— 
as I think, very unjustly—of having recom- 
mended the Indian planters to stop the culti- 
vation of indigo, and to devote the land to 
other crops, in order that he might make way 
for their synthetical product by frightening the 
planters out of their occupation. I do not 
think his remarks bear this interpretation 
when impartially considered. He was speak- 
ing, as he tells us, as an interested councillor ;* 
and we must bear in mind that he was giving 


* “Ich nehme für mich nicht in Anspruch, in dieser Frage 
als cin unpartciischer Rathgeber zu getten,” &c. doc. cit, 
p. Ixxxv 
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advice to the planters with full knowledge of 
the facts which will decide the issue of the 
struggle. But although we have no numerical 
data to go upon in attempting to estimate the 
yields at the different stages, the low price of 
the raw materials is in itself a sufficient 
measure of the gravity of the situation. 
Naphthalene is the hydrocarbon which exists 
in coal-tar to a larger extent than any other 
individual hydrocarbon. The average quan- 
tity is about 8 per cent., and there is any 
amount of it to be had. The whole of the 
naphthalene in tar is not at present extracted, 
the chief supply being furnished by the middle 
or carbolic acid fraction. The Gas Light and 
Coke Co., as I have already stated on the 
authority of Mr. T. Wilton, produces about 
194 million gallons of tar annually. This com- 
pany alone would thus be able to supply over 
15 million pounds of naphthalene per annum. 
The purified hydrocarbon has a market value 
of £18 10s. per ton, which is less than 1d. per 
pound. From an estimate kindly furnished by 
one of my former students, Mr. Charles Tyrer, 
of the firm of Thomas Tyrer and Co., it 
appears that technical chloracetic acid might 
probably be made for about 1s. 1d. per pound. 
As regards the supply of naphthalene it has 
been suggested that the production of coal-tar 
would be insufficient to meet the demand, sup- 
posing that all the indigo now required for 
tinctorial purposes were made synthetically. 
I refer you to Dr. Brunck’s figures for the 
refutation of this statement. It may be added 
also that coal-tar is not the only source of 
naphthalene, since a considerable quantity of 
this hydrocarbon is contained in coke-oven 
tar. Moreover, petroleum may be looked upon 
as a potential source of naphthalene since the 
crude naphtha, consisting chiefly of heptane 
and octane, on decomposition by heat gives a 
mixture of hydrocarbons containing according 
to Worstall and Burwell* among other things 
12°5 parts benzene, 3 of toluene, 3 of xylene, 
and 3°6 of naphthalene for 100. parts of 
naphtha. | , 


THE NATURAL PRODUCT v. SYNTHETICAL 
INDIGO. 


So far as I can offer any opinion, from the 
chemical side my task is ended. It has been 
represented to me from many quarters, how- 
ever, that any views which I may have formed 
with respect to the cultivation and extraction 
of the natural indigo might be helpful to the 


* « Amer. Chem. Journ.” (1897) 19, BiS, 


planters. I can only say that a consideration 
of the methods at present employed in India, 
and an attempt to arrive at the actual state of 
scientific knowledge concerning the industry, 
has convinced me that the planters have only 
themselves to blame if they have allowed their 
industry to be driven to this extremity. I do 
not mean to hold out the hope that I am of 
opinion that they will in the long run be able to 
meet the competition from the German factory, 
neither do I wish it to be understood that I 
regard their cause as a forlorn one. I have 
not sufficient practical acquaintance with the 
industry to offer any opinion of value on this 
point. It is the inherent nature of the technical 
chemical processes on the one hand and the 
biochemical processes going on in the plant 
on the other hand which will ultimately decide 
the issuc. But I wish to attach blame to the 
planters because they have never given them- 
selves a chance till the present panic of con- 
ducting their operations on scientific principles. 
They have allowed twenty years of activity on 
the part of the chemists to pass by with apathy 
and indifference, and at the last moment only 
have they called in expert assistance. Mr. 
Rawson and his colleagues may do much, and 
the subsidy of 50,000 rupees per annum for 
three years granted by the Government for 
experimental purposes will, of course, be help- 
ful. But the most deplorable part of the busi- 
ness is that from time immemorial there seems 
to have been no scientific method in their 
procedure. Fifteen years ago I stated in this 
room that the attitude of our chemical manu- 
facturers towards science was that its assistance 
was to be invoked only when some branch of 
industry was zz extremis.* The manufacture 
of natural indigo is a striking verification of 
that statement. It cannot even be pleaded in 
excuse that there was no cause for alarm. 
Apart from the achievements of chemistry 
twenty years ago there has been the living 
example of another nation interested in indigo 
cultivation. The Dutch planters in Java have 
had the wisdom to avail themselves of the re- 
sources of the botanical gardens for experi- 
mental purposes, and their chemists and 
bacteriologists working in Holland in co- 
operation with the planters have, as is. well 
known, for many years past been contributing 
to chemical literature the results of their inves- 
tigations. I cannot learn that the Indian 
planters have ever attempted before the present 
crisis to establish an experiment station 


* “ Journ. Soc. Arts,” May 28, 1886, p. 769. 
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worthy of the name, where systematic work 
could be carried on under skilled supervision. 
Yet we are constantly being told of the enor- 
mous importance of this industry to India, of 
the armies of native labourers kept going by 
it, of the great administrative and political 
power of the Indigo Planters’ Association and 
so forth. It is simply amazing that such 
interests, backed up by such wealth, and by 
such a powerful organization, should have been 
so neglectful of scientific guidance. 

Indigo may be regarded when derived from 
its natural sources as an agricultural product. 
As such it requires all the knowledge that 
modern science can supply to cultivate it with 
the greatest possible success. There is another 
agricultural product for the planters to con- 
sider by way of example, viz., sugar. If they 
will look into the history of the development of 
the sugar industry on the continent of Europe, 
and especially in France and Germany, they 
will find that there has been scientific guidance 
from the very beginning. Atevery stage, from 
the cultivation of the beet to the extraction and 
refining of the sugar, there has been systematic 
investigation. The value of fertilisers of 
various kinds, the selection of races of plants, 
the methods of extraction and refining, &c., 
have been investigated experimentally point by 
point. This has been done for a product 
costing but a few halfpence per pound, and it 
has paid by a gradual increase in yield and 
decrease in the cost of manufacture. Yet a 
product which sells for from three to four 
shillings per pound, and of which the production 
affects vitally the interests of whole provinces, 
is still worked by unscientific methods. 

The whole prospect of the survival of the 
Indian industry turns upon the question of 
yield. The yield obviously depends upon the 
quantity of indican in the plant, and upon the 
proportion of this indican which can be ex- 
tracted. The quantity in the plant is a ques- 
tion of species, or variety, orrace. The con- 
ditions determining the production of the 
maximum quaniity of indican have yet to be 
worked out systematically. The proportion 
extracted from the plant depends upon many 
conditions, of which only a few are known. 
At a meeting held in Calcutta, on the 2oth of 
ast February, Mr. Rawson read a paper* 
before the Indigo Planters’ Association, in the 
course of which he stated some of the problems 
which were awaiting investigation, and indi- 
cated the directions in which an improvement 


° ' Chemical Trade Journal,” March 16th, 1901, p. 249. 


in yield might be expected. I must refer you 
to the original for this latest contribution to the 
subject from the planters’ point of view. 
Looking into the state of affairs as regards 
the actual knowledge and requirements of the 
industry as at present conducted, one cannot 
but be struck with the general haziness, not to 
say open contradictions, which surround the 
results. If we ask ourselves, in the first place, 
the very simple question: in what form does 
the indigo-complex occur in the plant ?—we 
meet with discordant statements. Dr. Schunck 
proved long ago that it occurred as a gluco- 
side, indican. If we ask more specifically 
—of what is indican a glucoside >—we 
meet with certain discrepancies. Accord- 
ing to one of the most recent investigations by 
Hoogewerff and ter Muelen® the indican of 
Polygonum tinctorium and Indigofera lepto- 
stachya, which they have isolated in a crystal- 
line form, is a glucoside of indoxyl. Haze- 
winkel at the indigo experiment station at 
Klaten in Java, and Beyerinck at Delft, 
had previously (1899) arrived at the same 
conclusion. This would explain why a 
process of oxidation is necessary for the 
production of indigo after the resolution 
of the glucoside by the enzyme. Mr. 
Rawson claims that it is possible by an 
alteration in the method of oxidation to increase 
the yield of indigo by 23-30 per cent. On the 
other hand, Herr W. Gallenkamp—who has 
had some years experience in an indigo factory 
in Madras—states that the ‘‘ beating ”’ process 
is not one of oxidation at all, but simply one 
leading to physical agglomeration of the in- 
digotin formed from the indican by zymolysis.t 
If this be the case, and if oxidation is unneces- 
sary, then it is difficult to reconcile this state- 
ment with the results of Hoogewerff and ter 
Muclen, unless the indican of /adigofcra 
tinctorta is different to that isolated by 
the Dutch chemists from the species named. 
It may be asked also, parenthetically, 
whether there may not be more than one 
indican in the plant. If, for example, the 
indoxyl complex yields indigo on oxida- 
tion, an isomeric complex may be contained in 
another glucoside which yields indirubin on 
oxidation *— 


* ‘Rec. Trav. Chim. des Pays Bas; Abst. in “ Journ. 
Soc. Ch. Ind.,’’ 1900, p. 1100. 


+ Chemiker Zeitung, March 6th, 1901, vol. 25, p. 197. I arti 
indebted to Dr. Rudolph Messel for calling my attention to 
this paper. Herr Gallenkamp, it may be added, is very 
emphatic about the unscientific and irrational methods of 
manufacture in use both in native and European factories. 
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Consider, again, what goes on in the steeping 
vat. Ithas long been known that the fermenta- 
tion which occurs at this stage is largely 
bacterial. It was at one time thought that the 
whole process was due to Bacteria. It is now 
generally recognised that the resolution of the 
indican is one of ordinary zymolysis, and ac- 
cording to recent investigations Bacteria play 
no essential part, but two enzymes operate 
succesşsively.* The question is thus at once 
raised whether the bacterial fermentation may 
not actually be destructive of indigo. Rawson 
thinks the steeping process can be dispensed 
with altogether, a loss of 20 per cent. occurring 
in this operation. A recent patent by Calmette, 
according to which he claims to obtain six 
times more indigo than is at present obtained, 
is based on the two-fold principle of bacterial 
exclusion and expression of the juices of the 
plant instead of extraction by water.t On the 
other hand, in a recent patent by Guegnier,t{ 
it is stated that the addition of bactericidal 
antiseptics causes no sensible increase in the 
yield of indigo, and this inventor bases his 
process, as far as J am able to understand it, 
on the separation of the glucoside by means of 
oxidizing diastases added to the aqueous ex- 
tract. Whether ‘‘separation’’ means precipi- 
tation or hydrolysis and oxidation does not 
appear distinctly, but presumably the latter is 
meant. 

Intimately associated with the all-important 
subject of yield of indigo from the plant is the 
necessary question whether the whole of the 
indigo-yielding products are extracted by the 
present method of treatment. The planters, I 
am told, resolutely declare that there is no 
loss. Gallenkamp, on the other hand, assures 
us that there is a considerable quantity of 
colouring-matter left in the ‘‘ seet.” Whether 
the process could be improved in this direction 
is another matter for investigation. There is 
one other point also with regard to the present 
manufacture which may possibly be worthy of 

® Bréaudat and Molisch, as quoted by Nicolle, Rev. Gén. 
d. Mat. Color, 1900, p. 253. 

+ French Pat. 300826 of May, 1900. 

+ French Pat. 302169 of July, 1900. I am indebted to the 


firm of Kilburn and Brown, of St. Hclen’s-place, for supply- 
ing me with copies of these patents. 


consideration. During the process of drying 
we are told that there is a considerable evolu- 
tion of ammonia, and a large development of 
fungoid growth on the cakes. May not this 
indicate a destruction of indigo by micro- 
organisms ? 

With respect to the possible refining of 
natural indigo, so as to bring it up to the 
standard of purity of the synthetical product, 
I must confess I am not very sanguine. 
Of course it could be done, but the 
question is whether it could be done to 
pay. You cannot get more indigotin out 
of the raw material than there is in it, and 
any process of refining involves the use of 
additional materials and the multiplication of 
operations, combined with the possibility of 
removing some of the indigotin, as well as of 
the impurities with which it is associated. 

The remarks which I have ventured to offer 
on these points must not, I again desire to 
emphasise, be taken as coming from one 
having an expert acquaintance with the plant 
and the extraction of the indigo from it. I 
have formed these opinions, and I have taken 
it upon myself to express them, at the request 
of those who are personally interested in the 
trade with India. More particularly, however, 
it has been my desire in touching upon 
aspects of the subject upon which I have, 
perhaps, no right to speak, to bring home to 
the planters, as forcibly as possible, the 
enormous amount of work which is yet before 
them if they desire to give their industry a 
bare chance of survival. I should like also to 
offer another word of advice. Ata crisis like 
the present—where vast commercial interests 
are at stake—the adventurer and the bogus 
inventor are always well to the front. Beware 
of the man with quack nostrums, and believe 
no invention on paper till it has been submitted 
to the only test of value—the experimental test 
of practical utility. The struggle upon which 
the planters have entered is a struggle for 
existence, handicapped at the outset by 20 
years of negligence—I may almost say of 
criminal negligence. I am extremely anxious 
not to say a word which could be construed 
into discouragement of their effort, byt, frankly 
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speaking, apart from the empiricism of their 
methods, the inexorable laws of Nature may 
be against them, and the issue, is, to say the 
least, very doubtful. There may be more 
indiga potentially present in a ton of coal than 
in a ton of the leaves of the indigo plant. 
Even if the cost of production were equal, 
there would still be, on the side of the 
synthetical product, the advantages of purity 
and uniformity of composition, and complete 
independence of the vicissitudes of climate. 
And while the long and necessarily extended 
series of experiments are being conducted in 
India, do the planters imagine that the staff 
of the Badische Company is going to take a 
holiday with the belief that their processes 
have reached their final stage of perfection ? 
The whole history of the scientific development 
of the chemical industries teaches us that 
when a process has once been proved in- 
dustrially practicable, its cheapening follows 
in due course. All writers on the history of 
indigo remind us of the extreme antiquity of 
this industry. They refer us back to pre- 
Christian ages, and to Egyptian mummy cloths, 
dyed with indigo. Are the methods of cultiva- 
tion and extraction in India very different now 
to what they were in the time of the Pharaohs ? 
The course of history is not very encouraging 
in this case. An industry of venerable 
antiquity, carried on by empirical methods, 
has been brought into conflict with all the 
resources of modern science. We know what 
generally happens in such cases. I hold no 
brief for the Badische or any other chemical 
company, but the outlook for the Indian industry 
is assuredly a gloomy one. . 


In conclusion, I desire to express my thanks, 
first to Dr. Brunck and Dr. Bernthsen, of the 
Badische Company for all the assistance 
which they have given, and for the specimens 
which they have placed.at my disposal; to the 
Société Chimique des Usines du Rhone for the 
specimens illustrating their process; to the 
firm of Kilburn, Brown and Co., of St. Helen’s- 
place, for much valuable information; and to 
Dr. Rudolph Messel, Mr. Thomas Tyrer, Mr. 
Thomas Wilton, and others, who have aided 
me in various ways. 


DISCUSSION. 


The CHAIRMAN said he was sure all present had 
listened with the greatest interest to Professor 
Meldola’s admirable paper. The consideration of 
the subject formed an object-lesson as to the respective 


qualities of the Englishman andthe German. The fact 
that the synthesis of indigo came to them like a bolt 
from the blue in 1897, was, in itself, proof of the 
ignorance and apathy shown by the indigo planters. 
Twenty years ago he had the honour of delivering a 
lecture, at the Royal Institution, on the first of the pro- 
cesses so graphically described by Professor Meldola. 
In that lecture he pointed out that although the price 
of artificial indigo could not then be said to be one 
which would interfere with the natural product 
yet it was perfectly clear to all those who under- 
stood the progress of the industry of chemistry 
that it was time for the indigo planters to wake 
up, and attempt to make their process more 
scientific. Twenty years had elapsed, and nothing 
had been done, with the result that Indian indigo 
planters were being confronted with a process far 
more complete and cheaper than the first process of 
which they had knowledge 20 years ago. Professor 
Meldola had done well in bringing the subject so 
powerfully before the Society, and he trusted that his 
words would find expression in a more general 
manner. Zhe Times had taken the subject up, 
and last Monday no less than three columns of that 
important paper were filled with a statement of the 
position of affairs, including a letter from Professor 
Armstrong. At the present moment there was no 
subject more essential than to bring home to states- 
men and the general public the absolute necessity of 
scientific investigation and the placing of English 
industries on a proper scientific basis. 


The SECRETARY stated that he had received a 
letter from Sir William Hudson, the President 
of the Indigo Planters’ Association and the chair- 
man of the meeting at which Mr. Christopher 
Rawson’s paper was read, asking him, as he was 
prevented by the state of his health from being 
present, to mention his views to the meeting. Briefly 
stated, they amounted to the expression of an earnest 
hope that indigo planters would profit by the scientific 
work which was being done by the manufacturers of 
the artificial product, and that by a study of those 
scientific results, they might be enabled to produce a 
natural indigo, equal in quality to the artificial 
product, and, he presumed, at a cheaper price. 


On the motion of the CHAIRMAN, a hearty vote of 
thanks was accorded to Professor Meldola for his 


paper. 


Professor MELDOLA briefly responded, and the 
meeting was adjourned. 


Major-General J. WATERHOUSE, I.S.C., writes :— 

I was rather surprised that none of the representa- 
tives of the Indian indigo planting interest, some of 
whom were, I believe, present at Professor Meldola’s 
lecture last night, paid him the compliment of thank- 
ing him for his admirable exposition of the present 
state of the manufacture of artificial indigo, and of the 


April 19, 1901.) 


JOURNAL OF THE SOCIETY OF ARTS. 


413 


dangers which threaten the manufacture of the 
natural product with the consequent loss of one of 
the most valuable and important of our Indian 
industries. His lecture was delivered entirely in their 
interest, and most fully deserved their recognition. 
‘Whether the time lost in taking advantage of former 
warnings to prepare for the struggle with the artificial 
compound can now be recovered is, I fear, doubtful ; 
but, as Professor Meldola says, the present case pro- 
vides a striking object-lesson in the necessity there is for 
British manufacturers to be thoroughly well informed 
of what is going on around them, and instead of being 
behind, to be always a little ahead. England in 
former times generally led the way, and has been the 
pioneer of many of the industries which now in other 
hands are working havoc with our trade. It is diff- 
cult to believe that we are less capable now than we 
were formerly of keeping the lead, but the fact that 
we are falling behind seems to point to something 
very radically wrong, either with our whole system, 
or with the conditions under which our manufac- 
turers, particularly in the chemical industries, have to 
work. It is, however, for the manufacturers them- 
selves to recognise this and to find out the remedy. I 
have no personal interest in the indigo industry, and 
know little about it, but as one who found a con- 
genial home in India for many years, and still draws 
his maintenance from it, I should be very sorry in- 
deed on many accounts to see this very ancient and 
most important industry crushed out by the relentless 
advance of modern science if it be possible to save it 
in any way by opposing science to science. The 
international struggles of the future will mostly be 
fought in the factory, and those in possession of the 
sharpest weapons and the skill and power to use 
them must win. 
Oak-lodge, Court-road, Eltham. 
April 18, 1901. 


Miscellaneous. 


——— 
THE VINE IN NEW SOUTH WALES. 


Although the vine is not indigenous in Australia, 
there are many places in the island continent where it 
thrives with a luxuriance unsurpassed by the oldest 
and richest wine-growing countries of the world. 
According to Mr. Coghlan, the New South Wales 
Government Statistician, the vine was planted during 
the early days of colonisation in that’State, but it 
was not until the year 1828 that vine-growing and 
wine-making may be said to have been fairly estab- 
lished. In that year a leading settler returned from 
Europe with a large collection of cuttings from the 
most celebrated vineyards of France, Spain, the 
Valley of the Rhine, and other parts of the Continent 
of Europe; and planted on his estate at Kirkton, 
in the Hunter River district, a vineyard, which has 
been the nursery of the principal vineyards of the 
State. Some years afterwards the vine was planted 


in the Murray River Valley and in other districts, 
and was found to flourish so luxuriantly that the 
manufacture of wine received considerable attention. 
For a time, however, the prospects of this industry 
seemed very discouraging, and the production was 
considerably diminished, owing partly to the want of 
a market, and partly to the fact that the wine makers, 
many of whom were not vignerons by training, 
possessed only a limited knowledge of the manufac- 
ture of wine, and produced, at first, an article of 
inferior and unsaleable quality. In the principal 
vineyards in the valleys of the Murray and Hunter 
Rivers, however, neither pains nor money has been 
spared to introduce skilled labour, and to put up 
presses, vats, and other manufacturing appliances of 
the most approved kinds. The result of such jntelli- 
gent treatment became apparent when prizes were 
awarded to the wines of New South Wales at the Paris 
Exhibition of 1878, followed by an unbroken series of 
successes at the Exhibitions of Philadelphia, Sydney, 
Melbourne, and Amsterdam ; and, still more recently, 
at the Indian and Colonial Exhibition in London. 
But nowhere was the general excellence of the wines 
of the colony more fully recognised than at the 
Bordeaux Exhibition of 1882. There, in the principal 
centre of the wine trade of the world, some of the 
wines of New South Wales were classed, by the most 
competent judges, in the category of Grands Vins, 
and their value fully appreciated and established. 
Again, at the World’s Fair, held in 1893, at Chicago, 
an international jury of experts pronounced the wines 
of New South Wales to be equal to many of the 
finest viticultural productions of the noted wine- 
growing countries of Southern Europe. The opinion 
was expressed, however, that the practice of labelling 
Australian wines with European names was to be 
deprecated, as they possessed many excellent and 
distinctive characteristics sufficiently peculiar to justify 
the adoption of a new and descriptive system of 
classification. During the year ended 31st March, 
1863, the wine produced in New South Wales 
measured 144,888 gallons; in 1866, the production 
reached 168,123 gallons; in 1876 it had increased to 
831,749 gallons; in 1886 the production was only 
555.470 gallons; in 1896 it reached 885,673 gallons; 
in 1897 it was 794,256 gallons; in 1898 it was 
864,514 gallons; in 1899, 845,232 gallons; and in 
1900, 739,668 gallons. The highest production was 
obtained in 1893, the quantity totalling 931,542 
gallons—191,847 gallons more than in 1900, although 
the area under vines for wine-making in the latter 
year was about the same. Vignerons consider 250 
gallons per acre a good yield but the average yield for 
New South Wales reached this figure only in one year 
since the establishment of the industry, viz., in 1876, 
when the average yield per acre was recorded at 263 
gallons. <A considerable quantity of the grapes are 
used for the production of brandy required for forti- 
fying the weaker classes of wines. In 1900 the 
quantity made was 9,624 gallons. But a considerable 
portion of the grapes are reserved for table use, In 
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1900 the quantity thus utilized was 13,697,536 lb. 
In previous years the quantity was considerably larger, 
but it is probable that the favourable season of 1901 
will cause a record to be established. Although the 
finest kinds of grapes, including the muscatel varieties, 
are cheap and abundant, so far no effort has been 
made in New South Wales to prepare raisin fruits for 
foreign consumption, although there is an undoubted 
possibility of a large export trade in this direction. 
In Victoria and South Australia settlements have 
been founded at Mildura and Renmark for the pur- 
pose of cultivating, drying, and preserving fruit on a 
large scale, both for a local and an export trade, 
similar to the industry as it is conducted in California, 
where the lands are artificially irrigated, and the 
efforts of nature are seconded by the discoveries of 
modern science. Experiments made in drying grapes 
and currants of Australian culture have met with 
success in the London markets, and experts have 
declared the product to be of the highest quality. 


CONSUMPTION OF COAL DUST IN 
GERMANY. 

Many experiments have been made of late in Ger- 
many to fire furnaces with coal dust, principally with 
apparatus having some form of fan blower to intro- 
duce the fuel into the furnace. It cannot be said that 
much success has attended the application of these 
devices. The Schwarzkopff apparatus has, however, 
according to Consul Hughes, of Coburg, met with 
much favour in Germany, owing to the facility it 
affords for utilising slack or low grade coal. A 
German Imperial Commission appointed to test 
smoke-consuming appliances made careful trial of 
this apparatus, and the report generally is highly 
favourable. As to the conditions peculiar to the 
process, it is stated that a highly heated fire chamber 
is necessary for the ignition of the coal dust. The 
higher the temperature, the quicker and more perfect 
will be the combustion. Contact with the boiler 
walls interferes with ignition, so that in fitting up 
a boiler for coal dust firing, some change in the 
arrangement has to be made. A fire chamber lined 
with fireproof material has to be provided, because 
only such a chamber can be kept constantly at the 
required high temperature. This is most easily 
accomplished with flue boilers when the flues are 
lined fer a length of from five to eight feet with 
fireproof material. Metallurgical firings do not 
offer any difficulty in the arrangement of the fire 
chamber, because the whole furnace possesses the 
high temperature required. In these cases the fire 
chamber can be considerably shortened. The neces- 
sity of a fire chamber is not an inconvenience, but a 
special advantage in coal dust firing, because it en- 
sures a perfect combustion, a high temperature of the 
gases at the start, and protection against the forma- 
tion of needle flames. At high temperature, there 
will always be perfect combustion to carbonic acid 
gas and water, while at low tempcrature the more 


refractory hydroca.>ons do not bum at all, or but 
imperfectly, causing ne formation of soot or smoke. 
Finally these chambers offer for boiler firings, in case 
of stoppage, the advantage that by the heat stored in 
the fireproof walls the steam pressure is longer main- 
tained. The apparatus seems also to ensure a smokee 
less combustion. 


Obituary. 
———-———— 


B. FRANCIS Cops.—Many members of the Society 
will receive with very great regret the announce- 
ment of the death of Mr. Francis Cobb, which took 
place suddenly on the 9th inst., at his office, 79, Corn- 
hill. Mr. Cobb, whose first appearance at the Society 
was in 1869, when he joined in the discussion of a 
paper, by Mr. Thomas Dickins, on Silk Supply, 
became a member in 1873. In 1875 he was elected 
Auditor, and in 1878 Treasurer. This office he 
filled for four different periods, 1878-82, 1885-89, 
1891-94, and 1896-1901. During the intervals between 
his Treasurerships, he served as a Vice-President. 
He was a most regular and constant attendant at the 
meetings of the Council and of the Society, so that he 
had perhaps a more intimate knowledge of the work- 
ing of the Society than almost any other member. 
His experience, therefore, caused him to be highly 
esteemed by his colleagues, to whom also his kindli- 
ness and unvarying sweetness of character endeared 
him. He wil be greatly missed at the Council meet» 
ings and it will probably be long before his special 
place can be filled. 


He read several papers before the Society, the first 
in 1877, on the rearing of silkworms’ eggs. Other 
papers were two on Egypt, read in 1878 and 1879; 
a paper on the Depression of Trade, in 1879; and 
one on Borneo, in 1884. He also contributed to 
the Journal in 1873 a series of articles under the title 
of “ Hints to Colonists on the Cultivation of Silk,” 
and prepared a report on the raw silk in the London 
International Exhibition of 1873. On many occasions 
he presided at the meetings and constantly took 
part in the discussions. 

Mr. Cobb was born at Yarmouth in 1824. He was 
the younger son of Mr. Benjamin Cobb, and belonged 
to a well-known Norfolk family which can be traced 
back in that county to the 15th century. A voyage 
taken for health as a lad led to his starting in 
business in Hong Kong. He was afterwards with 
Messrs. Jardine, Mattheson and Co. at Shanghai, 
and later he settled up country as a tea-grower 
and raw silk producer. He acquired a remark- 
able mastery over the Chinese Janguage, and when 
Robert Fortune was sent out by the English 
Government to select tea plants for the Himalayan 
districts, Francis Cobb accompanied him in the dis- 
guise of a Chinaman. Failing health obliged him to 
return to England in 1858, and though he afterwards 
made several visits to China, he not long afterwards 
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finally severed his business connection with that 
country. After a short residence in Natal he settled 
down in London in 1870 as secretary of the Globe 
Marine Insurance Company, which company he helped 
to found. A few years ago the Globe was taken over 
by the United Dutch Marine Insurance Companies, 
and he then became secretary to the united com- 
panies. This post he held until his death. 

Mr. Cobb was an ardent photographer. For some 
years he was a member of the Council of the Photo- 
graphic Society. He was also on the Committee of 
the Camera Club and of the Photographic ‘ Salon,” 
and acted as hon. secretary of the Photographic Field 
Club. 


Mrs. MARIAN MARSHALL.—On Easter Sunday, 
7th inst., Mrs Marshall, the Society’s Examiner in 
Typewriting, died at her house at Hammersmith, 
after a long illness caused by cancer, at the age of 
54. She was first appointed Examiner in 1891, when 
Typewriting was added to the subjects of the Society’s 
Examinations, and continued to perform tbe work 
most efficiently until incapacitated by the illness 
which has now ended fatally. The paper for the 
present year was set by her, but she was unable 
even to commence the examination of the answers. 
On her recommendation, this work has been placed 
in the hands of Mr. Arthur Morton, of Glasgow. 
Mrs. Marshall was the daughter of Mr. W. Broad- 
bent, of Bradford, Yorkshire, and after his death she 
went to New Zealand. Here she married Assistant 
Commissary-General Thomas Sutton Marshall. On 
her return to England she started in Chancery-lane 
the first typewriting office. She afterwards removed 
to the Strand, and subsequently transferred her office 
to Cambridge. In June, 1900, she again removed to 
London, and did much literary work in her spare 
hours; took a prominent part in matters connected 
with typewriting and typists, and was a honorary 
member of the Typists’ Union. She was also greatly 
interested inthe Women Workers’ Guild, and edited 
a Typewriting Magazine. ` 


General Notes. 
en 


BRITISH CONGRESS ON TUBERCULOSIS. — The 
Meeting of this Congress will be held in the Queen’s 
Hall, London, from Monday, July 22nd, to Friday, 
July 26th. There will be four sections :—I. State 
and Municipal; II. Medical, including Climatology 
and Sanatoria; IIT. Pathology, including Bacterio- 
logy; IV. Veterinary (Tuberculosis in animals). In 
connection with the Congress it has been decided to 
form a temporary Museum, illustrating the Pathology 
Treatment or Prevention of Tuberculosis. Further 
information can be obtained from the Hon. Secretary 
General, 20, Hanover-square, London, W. 


INSTITUTE OF BRITISH CARRIAGE MANUFAC- 
TURERS.— It is announced that scholarships for 1901-2, 
consisting of the Institute Scholarship (450) and the 


Hooper Scholarship (£50), will be awarded, tenable 
for one year at the Higher Technical Day Class for 
Road-Carriage Building, at the Polytechnic Carriage- 
Building Schools, Balderton-street, Oxford-street, 
London, W., commencing Monday, September 30th, 
1901. Printed forms of application (by candidates 
desiring to compete for the scholarships) can be 
obtained by applying to Mr. Harold E. Perrin, Secre- 
tary of the Institute, 30, Moorgate-street, London, 
E.C. Application forms must be returned to the 
Secretary, on or before 1oth June, 1901. 


MEETINGS OF THE SOCIETY. 


ORDINARY MEETINGS. 
Wednesday evenings, at Eight o’clock :— 
APRIL 24.—“ Patent Law Reform.” By 

ALEXANDER SIEMENS. The Right Hon. the Lorp 
CHIEF JUSTICE, G.C.M.G., will preside. 

May 1.— “Thames Steamboat Service.” By 
ARNOLD F. HILLS. Sik FREDERICK BRAMWELL, 
Bart., D.C.L., F.R.S., President of the Society, will 
preside. 

May 8.—“ School Work in Relation to Busi- 
ness.’ By Sır JOSHUA FitcH, LL.D. 

May 15.—‘ Syntonic Wireless Telegraphy.”” By 
GUGLIELMO MARCONI. 

May 22.—* Testing and Training Distant Vision, 
with special reference to Military Requirements.” 
By R. BRUDENELL CARTER, F.R.C.S. 


INDIAN SECTION. 
Thursday afternoons, at 4.30 o’clock :— 
May 16.—‘* The Town and Island of Bombay— 
Past and Present’? By L. R. WINDHAM FORREST, 
formerly Chairman of the Bombay Chamber of 
Commerce. SIR GEORGE BirRDWoop, M.D., 
K.C.LE., C.S.1., will preside. 


The meeting will be held at the Imperial Institute. 


COLONIAL SECTION. 

Tuesday afternoons, at 4.30 o’clock :— 

APRIL 30.—‘‘ The British West Indies’? By SIR 
NEVILE LuBgBock, K.C.M.G., Chairman West India 
Committee. GENERAL SIR HENRY WYLIE NORMAN, 
G.C.B., G.C.M.G., will preside. 

May 7.—* The Coal Problem—its Relations to the 
Empire.” By LizuT. CARLYON W. BELLAIRS, 
R.N. Lorp Brassey, K.C.B., D.C.L., will preside. 


APPLIED ART SECTION. 
Tuesdays, at 4.30 and 8 o’clock :— 
May 21 (at 8 o’clock).—‘* The Rise and Develop- 
ment of Egyptian Art.” By PRoFESSOR W. M. 
FLINDERS PETRIE, D.C.L. 


CANTOR LECTURES. 
Monday evenings, at 8 o’clock :— 
SIR WILLIAM CHANDLER ROBERTS-AUSTEN, 
K.C.B., F.R.S.,andT. KIRKE Roser, D.Sc., 
“ Alloys.” Four Lectures. i 
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LECTURE I.—APRIL 22. 

Early appliances used in subjecting metals and 
alloys to mechanical tests—Improvements in pyro- 
metric methods of recording molecular changes in 
alloys—Evidence as to the constitution of alloys con- 
sidered as solutions, and as to the growth of crystalline 


structure. 
LECTURE II.—APRIL 29. 


New methods of preparing alloys by the use of 
metallic ‘‘ fuel” and metallic reducing agents—Ad- 
vances in the use of alloys in art metal work. 


LECTURE III.—May 6. 
The present state of photo-micrographic work in 
connection with metals and alloys, 


LECTURE IV.—MAY 13. 

Advances in our knowledge of alloys since the last 
course of Cantor Lectures on Alloys was delivered 
in 1898. 

Lectures III. and IV. will be delivered by 


Dr. Rose. 


HOWARD LECTURES. 
Friday evenings, April 26, May, 3, 10, 17:— 
ALFRED C. EBORALL, M.I.E.E., ‘“ Polyphase 
Electric Working.” 


LECTURE I.—APRIL 26. 

‘The general treatment of polyphase problems : two- 
phase and three-phase systems—The general require- 
ments of polyphase plant—Polyphase generators : 
standard types and leading features of design— 
Efficiency and pressure regulation—Short circuit 
current and pre-determination of the pressure drop 
on non-inductive and inductive loads. 


LECTURE II.—MAY 3. 

The parallel running of polyphase generators— 
The testing of large generators—Polyphase trans- 
formers: standard constructions and arrangements— 
Efficiency and drop: pre-determination of the latter 
on non-inductive and inductive loads—The heating of 
large transformers—Synchronous polyphase motors. 


LecTuRE III.—May 10. 

Polyphase induction motors: standard construc- 
tions and feaures of design—The construction, appli- 
cation, and limitations of the Heyland diagram for 
polyphase induction motors—Examples taken from 


practice. 
LECTURE IV.—MAY 17. 


The polyphase tyansmission line: overhead and 
underground work—The effects of capacity and in- 
ductance on the working of the system—The funda- 
mental calculations of polyphase transmission systems 
and installations — The regulation of polyphase 
systems. 

*,* A theoretical knowledge of the subject on the 
part of those attending the above lectures is assumed. 


MEETINGS FOR THE ENSUING WEEK. 

Monrpay, Aprit 22..SOCIETY OF ARTS, John-street, 
Adelphi, W.C., 8 p:m. (Cantor Lectures.) Sir 
William Chandler Roberts-Austen, “ Alloys.” 
(Letture I.) . 


Cleveland Institute of Engineers, Middlesbrough, 
7% p-m. 

British Architects, 9, Conduit-street, W., 8 p.m. Mr. 
Francis Bond, “The Classifications of Romanesque 
and Gothic Architecture.” 

Camera Club, Charing-cross-road, W.C., 8} p.m. 
Mr. K. J. Tarrant, “ Electric Radiations as Re- 
vealed by Photography.” 

Medical, 11, Chandos-street, W., 8} p.m. 


Tvgespay, APRIL 23...Royal Institution, Albemarle-street, 
W., 3 p.m. Dr. Allan Macfadyen, “Cellular 
Physiology, with Special Reference to Enzymes 
and Ferments.’’ (Lecture IT.) 

Medical and Chirurgical, 20, Hanever-square, W., 
8 p.m. 

Civil Engineers, 25, Great George-street, S.W., 
8 p.m. Discussion on Mr. Harry E. Jones's paper, 
‘“ Modern Practice in the Manufacture and Dis- 
tribution of Gas.” 

Statistical, 9, Adelphi-terrace, Strand, W.C., 5 p.m. 
Mr. Joseph Rabino, ‘‘ An Economist’s Notes on 
Persia.” 

Photographic, 66, Russell-square, W.C., 8 p.m. 

Anthropological, 3, Hanover-square, W., 8} p.m. 

Antiquaries, Burlington-house, W., 2 p.m. Annual 
Meeting. 


` WEDNESDAY, APRIL 24... SOCIETY OF ARTS, John-street, 


Adelphi, W.C.; 8 p.m. Mr. Alexander Siemens, 
“ Patent-law Reform.” 

Geological, Burlington-house, W., 8 p.m. 

Royal Society of Literature, 20, Hanover-square, 
W., 4} p.m. Annual meeting. 


Tuurspay, APRIL 35...Society for the Encouragement of 
Fine Arts, 9 Conduit-street. Dr. Todhunter, 
“ Some Pictures in the National Collection.” 

Royal Institution, Albemarle-street, W., 3 p.m. Mr. 
Roger Fry, “Naturalism in Italian Painting.” 
(Lecture II.) 

Electrical Engineers, 25, Great George-street, S.W., 

8 p.m. 

Civil Engineers, 25, Great George-street, S.W., 
8 p.m. (“James Forrest” Lecture.) Professor 
Frank Clowes, ‘‘Chemistry in its Relations to 
Engineering.” 

Camera Club, Charing-cross-road, W.C., 8} p.m. 
Mr. J. A. Formoy, ‘‘ Variable Stars.”’ 

Junior Engineers, Westminster Palace Hotel, S.W., 
8 p.m. Mr. A. H. Barker, ‘‘ Works Manage- 
ment.” (Lecture VI.) i 

Botanic, Inner Circle, Regent’s-park, N.W., 33 p.m. 


Fripay, APRIL 26...SOCIETY OF ARTS, John-street, 
Adelphi, W.C., 8 p.m. (Howard Lectures.) Mr. 
Alfred C. Eborall, ‘‘ Polyphase Electric Working.” 
(Lecture I.) 

Royal Institution, Albemarle-street, W., 8 p.m. 
Weekly Meeting, 9 p.m., ‘‘Dr. Hans Gadow, 
«Colour in the Amphibia.” 

North-East Coast Institute of Engineers and Ship- 
builders, Sunderland, 7} p.m. 

Clinical, 20, Hanover-square, W., 8} p.m. 

Physical, Chemical Sociecty’s Rooms, Burlington- 
house, W., 5 p.m. 1. Prof. Callendar, “The 
Thermodynamical Correction of the Gas Thermo- 
meter.” 2. Prof. R. W. Wood, “The Production 
ofa Bright-line Spectrum by Anomalous Dispersion 
and its Application to the Flash-Spectrum.”’ 


SATURDAY, APRIL 27...Royal institution, Albemarle-street, 
W., 3p.m. Mr. J. Y. Buchanan, “Climate: its 
Causes and Effect.” (Lecture II.) 
Irish Literary (at the House Gr THE SOCIETY oF 
_ ARTS, John-strect, Adelphi, W.C., 8 p.m. 
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Notices. 
oy 


THE COUNCIL. 


At their meeting on Monday, 22nd inst., 
the Council appointed Sir Owen Tudor Burne, 
G.C.I.E., K.C.S.I,, and Sir Owen Roberts, 
M.A., D.C.L., Treasurers of the Society, to fill 
the vacancies caused by the death of Mr. 
Francis Cobb, and the appointment of Sir 
Frederick Bramwell, Bart., F.R.S., as Presi- 
dent of the Society. The Council also filled 
the vacancies thus caused in the Vice-Pre- 
sidentships by the appointment of Sir William 
Abney, K.C.B., F.R.S., and Sir George Bird- 
wood, K.C.I.E., C.S.I., M.D., as Vice-Presi- 
dents. 


CANTOR LECTURES. 


The first lecture of the course on ‘‘ Alloys ”’ 
was delivered on Monday evening, 22nd inst., 
by SIR WILLIAM CHANDLER ROBERTS- 
AUSTEN, K.C.B., F.R.S. 

The second lecture, to be delivered on Mon- 
day, April 2gth, will be fully illustrated by 
experiments on the use of metal as fuel. 

The lectures will be published in the Journal 
during the autumn recess. 


PRACTICAL EXAMINATIONS IN 
MUSIC. 


The Practical Examinations in Vocal and 
Experimental Music will be conducted by 
Ernest Walker, M.A., Mus. Doc. Oxon., and 
Mr. Burnham Horner, Examiners, at the House 
of the Society, and will commence on Monday, 
24th June. 

The last day for receiving applications is 
Friday, 1oth May. 

Particulars can be obtained on application 
to the Secretary. 
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Proceedings of the Society. 
—— 
INDIAN SECTION. 
Thursday evening, March 18; SIR DENNIS 
FITZPATRICK, K.C.S.I., in the chair. 


The SECRETARY of the Section read a letter from the 
Earl of Hardwicke, expressing his regret that, owing 
to public business, he was unable to take tke chair. 


The paper read was— 


THE GREEK RETREAT FROM INDIA. 


By COLONEL SIR THOMAS HUNGERFORD 
Ho.tpicH, R.E., K.C.I.E., C.B. 


Early Indian history may be said to be 
written in a large book containing a curious 
intermixture of blank pages, of historical facts 
buried so deep under a load of mythological 
legend as to be beyond recognition by any but 
advanced Sanscrit scholars, and of very credit- 
able and readable history, graphically and 
truthfully told, the style of which might well 
serve as a model to historians of all time. The 
legends are Sanscrit, the history is Greek, and 
the blank pages occurat uncertain intervals; but 
they are nowhere so blank as immediately pre- 
ceding and after the most trustworthy history. 

The history of Alexander’s exploits, as told 
by several Greek historians, are those which 
stand out in clearest contrast to the myths of 
the earliest Sanscrit writings, or to the scholarly, 
though as yet incomplete, compilations derived 
from archzological or numismatic sources, 
which fill up uncertain intervals on the blank 
pages which occur between the records of 
Greek and Arab conquests. 

It is to the Greek story that I now propose 
to call your attention, and it is Alexander’s re- 
treat from India that I propose to follow through 
districts once well known to classical and me- 
dixval writers ; but which have been buried for 
some centuries in geographical obscurity. 

Although several Greek historians have con- 
cerned themselves with Alexander’s career, it is 
mainly to one of them (Arrian) that for simpli- 
city’s sake I shall refer; and though many 
able scholarly writers in modern times have 
traced out his remarkable story with more or 
less precision through the phases of his advance 
into India and his conquests on the Indus, 
none of them have been able to account 
satisfactorily for the details given by Arrian of 
his retreat from India to Persia, for want of 
accurate geographical knowledge of the 
country he passed through. 
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Several rather complicated problems in 
connection with that historic retreat have been 
unriddled in the course of surveying Makran, 
and much that it has been very difficult to re- 
concile to the general reputation for truthfulness 
of Arrian’s history only requires a little patient 
examination into the inevitable physical 
changes of conformation which the north- 
western coast of India has undergone during 
twenty-two centuries to become explicable on 
fairly reasonable grounds. 

We need not trouble ourselves now about 
the ethnographical features of Makran and 
Southern Baluchistan, though probably no 
corner of Asia presents such a focus of interest 
to the ethnographer as does this meeting place 
of almost all the representative races of the 
world. Aryan, Semitic, Dravidian or Turanian, 
Ethiopian and Negro, types of them all may 
here be found in close juxtaposition, and here 
be studied individually. These countries were 
well enough known to the Greeks. Herodotus 
writes of them 150 years before Alexander’s 
time, including them in the 14th and 17th 
Satrapies of the Persian Empire, and he men- 
tions tribes by name whose descendants may 
be traced under almost their old designations 
even to this very day. Alexander led Greeks 
into India, but Greeks had been at the gates 
of India before him; and those who have 
studied the manner of his entrance into the 
country have good grounds for conjecture that 
he selected an apparently haphazard route 
because it carried him to the north of the Hindu 
Kush and across the Kaoshan pass, within 
reach of Kyrenian settlements in Bactria. 

But whilst we need not trouble ourselves 
with more than Arrian tells us of the people 
occupying the line of Alexander’s retreat to 
Persia, we must give a little attention to the 
general configuration of the country, and to 
‘such changes in land and coast construction 
as we have been able to trace by the ordinary 
processes of surveying, without claiming any 
specially scientific basis of examination. 

The difficulty of restoring to the map of 
India an outline of the ancient geography of 
Sind and the Indus delta is one which has 
baffled many generations of scholars. The 
vagaries of the river Indus, even within the 
limits of historic record, once flowing in a 
channel to the Rann of Katch, with a possible 
branch to the Bay of Cambay ; at another time 
cutting its way under the frontier hills far to 
the west of Jacobabad; anon splitting the 
limestone ridges at Sukkur, with the very prob- 
able assistance of an earthquake, and taking 


to itself a new channel altogether ; circling the 
walls of a great city like Hyderabad at one 
time, and then suddenly leaving it stranded 
and dry—changes such as these render this 
river, even before the delta is reached, a hope- 
less feature for reference with regard to the 
position of places said once to have been near 
its banks. Within the limits of the delta the 
confusion of hydrography becomes even more 
confounded, and until we possess a trustworthy 
map ofthe Indus riverain districts which will in- 
clude some at least of the old delta channels, we 
must remain in the dark as to the real position 
of those branches of the river which Alexander 
explored from Patala, and of the shape and 
nature of those islands which were then accu- 
mulating to form the future delta. I shal} 
follow General Haig’s pamphlet in this part of 
my subject, believing him to have had the best 
opportunities for observing, as he has also the 
highest reputation for accuracy in recording 
his observations. 

But when we pass beyond the limits of the 
plains of Sind and the Indus delta, westward, 
so long as we travel inland, there is not the 
same difficulty in deciphering ancient geog- 
raphy. From Alexander’s days till now the 
“everlasting hills’? have preserved their 
general conformation. Within these hills can 
we but identify certain obligatory points and 
the beginnings of a route, we can easily follow 
that route along recognised lines which have 
never shifted. We can trace Alexander's path 
with certainty if we can but identify some few 
landmarks hereandthere. It must be remem- 
bered that the Greek army which retreated 
from India did not all follow Alexander. The 
heavy baggage and the elephants, under the 
command of Krateros, followed an inland route 
from Sind to Kirman, about which we are told 
very little indeed. Another division of the 
Greek army under Nearkhos was conveyed on 
ships by the coast line to Persia and the 
Tigris, and about this voyage we are told much 
more than about Alexander’s own movements. 
In spite, however, of the meagreness of infor- 
mation concerning the route taken by Krateros 
we can infer a great deal on the negative evi- 
dence that it was impossible for him to move 
heavy baggage or elephants except along 
certain lines: and again, inspite of the almost 
minute details with which we are favoured by 
Arrian about the ever-memorable voyage of 
Nearkhos, we find very great difficulty in 
identifying the exact ports, harbours, and 
coasting stations which he visited, on account 
of the shifting configuration of the coast line. 
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Not that the changes which have occurred on 
the coast line between Karachi and Persia are 
at all comparable to the remarkable transfor- 
mation which has overtaken the Indus delta, 
but there are nevertheless many marked 
changes, especially on that part of the coast 
which is most subject to monsoon influences, 
Islands have disappeared wholesale in some 
parts; they are in the process’ of disappearing 
in others; here the coast has gained on the 
sea, whilst there the sea has appreciably 
deepened its soundings and lapped up the 
shore. On the whole, in spite of submerged 
islands, the land has gained on the sea. Apart 
from the Indus delta, which has consolidated 
and pushed out seaward to an extent which I 
believe to be greater than General Haig esti- 
mates, there has been immense land growth 
north of Karachi. At Karachi itself the port 
engineers will tell you of the difficulty that 
exists in keeping the harbour open; were 
artificial means of deepening the bar to be 
abandoned, four or five years of unchecked 
silting would destroy Karachi as an open 
port. Even now it is possible at low tide to 
walk out to the well-known Oyster rocks, once 
outside the harbour, and the recent lengthening 
of the pier opposite Clifton is quite practical 
testimony enough to the rapidity of shore 
growth at that point of the coast. I have 
reason to think that immediately north of 
Karachi the sea extended at no distant date 
far up the bed of the Liari stream. Following 
the coast westwards to Cape Monze there is 
probably little change in the last 2,000 years 
till we round that cape. Thence itis impossible 
to say what may have happened as far as the 
coast indentation at Bidok Lak. At any rate 
from Bidok Lak northwards there is a wide 
tract of very recent shore formation along 
which the road to Bela runs. But clearly no 
such road existed as late as the roth century 
A.D. Sonmiani marks a sort of cul-de-sac 
for all monsoon currents. All about Sonmiani 
vast deposits of sand have accumulated which 
gradually, under the action of the south-west 
wind, have assumed the form of dunes, and have 
consolidated themselves along the coast (with 
the assistance of a scanty saline vegetation) 
into a natural bund or protection seawards. 
Only within the last few years the fishing town 
of Sonmiani has retired altogether from the 
coast. It is now impossible to approach that 
place except on the top of an exceptionally 
high tide. It is true that this is not due en- 
tirely to monsoon deposits of sand. Some ten 
years ago very heavy floods turned the local 


river, the Vindar, into a raging mud torrent, 
and at once there were mud deposits enough 
spread out in front of Sonmiani to reduce 
navigation to a matter of approach in shallow 
‘‘dugouts.’’ Twelve miles north of Sonmiani 
is a large depression (slightly under sea level) 
known as ‘‘Sirondha,’’ which is usually a fresh 
water lake, but is occasionally quite dry. This 
was at no very distant date a commodious 
harbour, or arm of the sea, which has ex- 
tended north in historic times at least as far as 
Liari and possibly further. South-west of Liari 
some of the land formation is probably very 
ancient as we shall see. Westwards along 
the Makran coast there are many indica- 
tions of local changes, some of which will 
be noticed as we follow the course of 
Nearkhos in his Indus built ships. Enough 
has been said to justify some deviation from the 
track followed hitherto by Oriental scholars in 
tracing out the route of this memorable retreat. 

About the beginning of September 326 B.C. 
Alexander left Patala with a1 part of his army 
to push his way through the country of the 
Arabii and the Oritz to Gadrosia (or Makran) 
and Persia. The Arabii occupied the country 
between Karachi and the Purali—or river of 
Lus Bela—and the Oritz and Gadrosii appa- 
rently combined with other tribes to hold the 
country that lay beyond the Purali—or Arabius. 
He had previously done all that a good general 
can do to ensure the success of his movements 
by personally reconnoitring all the approaches 
to the sea by the various branches of the 
Indus; by pacifying the people and con- 
solidating his sovereignty at Patala so as to 
leave a strong position behind him entirely 
subject to Greek authority; and by dividing 
his force so as to utilise the various arms with 
the best possible effect. This force was com- 
prised in three divisions, one under Krateros 
included the heavy transport and invalids, and 
this was despatched to Persia by a route: 
which was evidently as well known in that day 
as it is at present. It is never contended by 
any historian that Alexander did not know his 
way out of India. On the contrary, Arrian 
distinctly insinuates that it was the perversity 
of pride, the ‘‘ ambition to be doing something 
new and astonishing ’’ which “ prevailed over 
all his scruples ’’’ and decided him to send his 
crank Indus built galleys to the Euphrates by 
sea, and himself to prove that such an army 
led by ‘‘ sucha general ” could force a passage 
through the Makran wilderness where the only 
previous records were those of disaster. He 
had heard that Cyrus and Semiramis had 
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failed, and that decided him to make the 
attempt. 

We can follow Krateros no further than to 
point out that his route was probably by the 
Mulla (and not the Bolan) pass to Kalat and 
Quetta. Thence he must have taken the 
Kandahar route to the Helmund, and following 
that river down to the fertile and well-populated 
plains of lower Sistan (or Drangia) he crossed 
the Kirman desert by a well known modern 
caravan route, and joined Alexander at or 
near Kirman ; for Alexander was ‘‘ on his way 
to Karmania’’ at the time that Krateros 
joined him and not at Pura (the capital of the 
Gadrossii) as suggested by St. John. One 
interesting little relic of this march was dug up 
by Captain Mackenzie, R.E., during the con- 
struction of the fort on the Miri at Quetta. A 


small bronze figure of Hercules was brought to` 


light, and it now rests in the Asiatic Society’s 
museum at Calcutta, in testimony of the fact 
that some part of the heavy baggage was 
abandoned ex route. 

Alexander, as we have said, left Patala about 
the beginning of September. But where was 
Patala ? This problem I leave to General Haig, 
and to Sir H. E. M. James, the late Commis- 
sioner of Sind, to decide. Probably it was neither 
Hyderabad (as suggested by General Cunning- 
ham) nor Tatta, as upheld by other authorities, 
but about thirty miles S.E. of the former and 
sixty miles E.N.E. of the latter, in which 
locality indeed there are ruins enough to satisfy 
any theory. From Patala we are told by 
Arrian that he marched with a sufficient force 
to the Arabius; and that is all. But from 
Quintus Curtius we learn that it was nine 
marches to Krokala (a point easier of identifi- 
cation than most from the preservation of the 
name which survived through mediaval ages 
in the Karak—the much-dreaded pirate of the 
coast—and can now be recognised in Karachi) 
and five marches thence to the Arabius. He 
started in cool moonsoon weather. His route, 
after leaving Krokala, is determined by the 
natural features of the country as then existing. 
There was, as I have already stated, no shore 
route in these days. Alexander followed the 
subsequent medizval route which connected 
Makran with Sind in the days of Arab ascend- 
ancy, a route that has been used as a highway 
into India for nearly eight centuries. It is not 
the route which now connects Karachi and 
Lus Bela, but as it belongs to a later mediæval 
phase of history I will say no more about it 
than Arrian says. I have already pointed out 
that the sea extended at least to Liari, in the 
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basin of the Purali or Arabius, and we are, 
therefore, obliged to locate the position of his 
crossing that river as being not far south of 
Bela; where in Alexander’s time it was 
“ neither wide nor deep,” and in these days is 
almost entirely absorbed in irrigation. This 
does not, I admit, altogether tally with the 
five marches of Quintus Curtius. It would 
amount to over a hundred miles of marching, 
some of which would be heavy, though not 
very much of it; but the discrepancy is not 
a serious one. The Arabius may have been 
far to the east of its present channel—indeed, 
there are old channels which indicate that 
it was so, and it does not follow that the 
river was crossed at the point at which it 
was struck. The reason for placing this cross- 
ing so far north is that room is required for 
subsequent operations. After crossing we are 
told that Alexander ‘“‘ turned to his left towards 
the sea ’’ (from which he was evidently distant 
some space) and with a picked force he made 
a sudden descent on the Oritz. He marched 
one night only through desert country and in 
the morning came to a well-inhabited district. 
Pushing on with cavalry only he defeated the 
Oritz, and then later joining hands with the 
rest of his forces he penetrated to their capital 
city. For these operations he must necessarily 
have been hedged in between the Purali and 
Hala range, which he clearly had not crossed 
as yet. Now we are expressly told by Arrian 
that the capital city of the Orita was but a 
village that did duty for the capital, and that 
the name of it was Rambakia. The care of 
it was committed to Hephestion, that he 
might colonise it after the fashion of the 
Greeks. But we find that Hephzstion cer- 
tainly did not stay long there--and could only 
have left the native village as he found it, with 
no very extensive improvements. It would be 
most interesting to decide the position of 
Rambakia. What we want to find is an 
ancient site, somewhere approaching the sea 
coast, say thirty or forty miles from the crossing 
of the Purali, in a district that might once 
have been cultivated and populous. We have 
found two such sites—one now called Khair 
Kot to the north-west of Liari commanding the 
Hala pass, and another called Kotawari south- 
west of Liari, and very near the sea. The 
latter has but recently been uncovered from 
the sand, but an existing mud wall, and its 
position on the coast indicate that it is not old 
enough for our purpose. The other, Khair Kot, 
is an undoubted relic of mediceval Arab 
supremacy. It is the Kambali of Edrisi on 
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the high road from Armail (now Bela) to the 
great Sind port of Debal, and the record of it 
belongs to another history. Nevertheless 
Khair Kot is exactly where we should expect 
Rambakia to bz, and quite possibly where 
Rambakia was. Amongst the coins and relics 
collected there, there is, however, no trace of 
Greek inscription; but that thiscornerof the Bela 
district was once flourishing and populous there 
is ample evidence. Perhaps I may be allowed 
a word or two of conjecture about Rambakia. 
The name is probably connected with that of 
the Rhamnai, a people of Dravidian origin 
who eventually drifted gradually southward 


into India, and whom we find subsequently | 


represented amongst the aboriginal tribes of 
the Central Provinces and Benyal. The present 
occupants of the soil of Rambakia are a race 
of Rajputs known as Lassi or Lumri. They 
appear to be a reflex Rajput wave that has 
washed back from India within historic periods. 
We are distinctly told that the Oritz or Oxii 
were not Indian, from which we may con- 
jecture that they differed from the Hindu 
races encountered by Alexander in India. 
They were written of previously by Herodotus 
as Utoi, and are undoubtedly represented in 
modern days by the Hot tribe, which is spread 
over Central Makran. These people are un- 
connected with the Rind, or Arab, tribes, and 
are cxempt from taxation as being the original 
landowners. 

There is other mention of Rambakia in the 
Periplus of the Erythroean sea, where it is 
written about the Makran coast that ‘there is 
a bay which bears the name of Terabdoi, 
from the midst of which a cape projects. 
Behind it, at a distance of seven days’ journey 
from the coast, is a city, where the king resides, 
called Rambakai.’’ McCrindle- identifies 
Terabdui with Urmara, and the distance from 
Urmara to Khair Kot corresponds to the seven 
marches, as docs the general description of 
the district, which is said to produce the 
fragrant gum ‘‘ bdellium’’ on the part near 
the sea, which looks as if it were not far from 
the coast. But we must not jump to hasty 
conclusions. The description of the harbour 
of Terabdoi applies more forcibly to Gwadur 
than to Urmara, and there are traces of the 
name Rambakia elsewhere than in Bela. Itis 
one of the first difficulties with which we have 
to contend in unravelling the network of 
ancient geography that the same name is so 
constantly repeated. All that we can say is 
that Alexander’s Rambakia could not have 
been far from the ruins of Khair Kot. 
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From Rambakia Alexander proceeded with 
half his targeteers and part of his cavalry to 
force the pass which the Godrosii and Oritz 
had conjointly seized ‘‘ with the design of 
stopping his progress.’’ This pass might either 
have been the turning pass at the northern end 
of the Hala, or it might have been on the 
water parting from which the Phur river 
springs further on. I should think it was 
probably the former, where there is better room 
for cavalry to act. The question which now 
meets us is who were the Gadrosii, the people 
who allied themselves with the Oritz, and who 
were sufficiently powerful to force their name 
to the country stretching westwards to Persia. 
There are two tribes to be found on the Bela 
whose name answers to that of Gadrosii. The 
first are the Gadurs; but they claim Arab 
descent, and look like Rajputs. They say 
that they settled in Makran in the days of 
the Kalif Omar. The other people are the 
Gadaras, called by Tate (who has had good 
opportunities for observing them) Sidi half- 
castes ; but they are undoubtedly a people of 
very ancient origin. Bellew thinks that they 
may be the Garuda of Sanskrit writings who were 
ever opposed to the Nagas, and representatives 
of that race of Asiatic Ethiopians of whom 
Herodotus wrote, and which could hardly have 
disappeared from Makran in Alexander’s time. 
If the Gadrosii have any modern representatives 
at all I think it possible that they may be found 
in the Gadaras, but this point must remain 
doubtful till we have a more perfect acquaint- 
ance with the traditions of these people. 

I should like to say a few words about the 
Arabii and the newer Arabius or Arabis, but 
time is short, and I can only just mention that | 
north of Bela, on the Purali river, we have 
found the remains of a stone-built construction 
so clearly allied to the ‘‘ghorbastas’’ or 
“bunds” of Makran and Sind, and to the 
Mashona relics at Zimbabwe, that we may at 
least be allowed to conjecture that this country 
between the Purali and Karachi was once held 
by those dusky races of Himyaritic Arabs who 
were aforetime the master-builders of the 
world. They may indeed represent the Asiatic 
Ethiopians of Herodotus. It seems difficult to 
set limits to the extent of their influence. 

Immediately after defeating the Oritz (who 
apparently made little resistance) Alexander 
appointed Leonatus with a picked force to 
support the new Governor of Rambakia 
(Hepheestion having rejoined the army) and 
left him to make arrangements for victualling 
the fleet when it arrived, whilst he pushed on 
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through desert country into the territory of the 
Gadrosii by ‘‘a road very dangerous,” and 
drawing down towards the coast. He must 
then have followed the valley of the Phur to 
the coast, and pushed on along the track of 
the modern telegraph line till he reached the 
neighbourhood of the Hingol river. We are 
indebted to Aristobalus for an account of this 
track in Alexander’s time. It was here that 
the Pheenician followers of the army gathered 
their myrrh from the tamarisk trees ; here were 
the mangrove swamps; and of the euphorbias, 
which still dot the plains with their impene- 
trable clumps of prickly ‘‘ shoots or stems, so 
thick set that if a horseman should happen to 
be entangled therewith he would sooner be 
pulled off his horse than freed from the stem,” 
as Aristobulus tells us. Here, too, were found 
the roots of spikenard so precious to the 
greedy Pheenician followers. These same 
products formed part of the coast trade in 
the days when the Periplus was written, 400 
years later, though there is little demand for 
them now. It was somewhere near the Hingol 
river that Alexander made a considerable halt 
to collect food and supplies for his fleet. His 
exertions and his want of success are all fully 
described by Arrian, as well as the rude class 
of fishing villages inhabited by Ichthyophagi, 
all the latter of which might well be cut out of 
the pages of Greek history and entered in a 
survey report as modern narrative. After this 
we have but slight indications in Arrian’s 
history of Alexander’s route to Pura, the 
capital of Gadrosia. Three chapters are full 
of most graphic and lively descriptions of the 
difficulties and horrors of that march. We 
only hear that he reached Pura sixty days after 
leaving the country of the Oritz, and there is 
no record of the number of troops that sur- 
vived. Luckily, however, the log kept by the 
admiral of the fleet, Nearkhos, comes into our 
assistance here, and though it is still Arrian’s 
history, it is Nearkhos who speaks. We must 
now turn back to follow the ships. I cannot 
now enter in detail into the reasons given by 
General Haig in his interesting pamphlet on 
the Indus delta country for selecting the Gharo 
creek as the particular arm of the Indus which 
was finally selected for the passage of the fleet 
seaward. I can only remark that whilst the 
nature of the half-formed delta of that period is 
still open to conjecture, so that I see no reason 
why the island of Krokala, for instance, should 
not have been represented by a district which 
bears a very similar name nowadays, I fully 
agree that the description of the coast as given 


by Nearkhos can only possibly apply to that 
section of it which is embraced between the 
Gharo creek and Karachi. It is only within 
very recent times that the Gharo has ceased to 
be an arm of the Indus. For the present, at 
any rate, we cannot do better than follow so 
careful an observer as General Haig in his 
conclusions. There can be little doubt that 
Alexander’s haven, into which the fleet put till 
the monsoon should moderate, and where it 
was detained for twenty days, was somewhere 
near Karachi. That it was the modern 
Karachi harbour seems improbable. Of all 
parts of the western coast of India, that about 
Karachi has probably changed its configura- 
tion most rapidly, and there is ample room for 
conjecture as to where that haven of refuge of 
2,000 years ago might actually have been. 
Let us accept the fleet of river-built galleys, 
manned with oars, and open to every phase of 
wind and weather, as having emerged from it 
about the beginning of October, and as having 
reached the island of Domai, which I am 
inclined to identify with Manora. Much 
difficulty has been found in making the 
estimate of each day’s run, as given in stadia, 
tally with the actual length of coast. I think 
the difficulty disappears a good deal if we 
consider what means there were of making 
such estimates. Short runs in the river between 
known landmarks are very fairly consistent in 
the Greek accounts. On the basis of such 
short runs, and with a very vague idea of the 
effect of wind and tide, the length of each day’s 
run at sea was probably reckoned at so much 
per hour. There could hardly have been any 
other way of reckoning open to the Greeks. 
They recognised no landmarks after leaving 
Karachi. Even had they been able to use a 
log line it would have told them but little. 
Wind and current (for the currents on this part 
of the sea mostly follow the monsoon wind) 
were either against them or on their beam all 
the way to the Hingol, and they encountered 
more than one severe storm which must have 
broken on them with the full force of a mon- 
soon head wind. From the point where the 
fleet rounded Cape Monze and followed the 
windings of the coast to the harbour of Moronto- 
bara the estimates, though excessive, are fairly 
consistent still; but from this point westward, 
when the full force of monsoon wind and current 
set against them, the estimates of distance are 
very largely in excess of the truth, and continue 
so till the pilot was shipped at Mosarna, who 
guided them up the coast of Persia. Thence- 
forward there is much more consistency in 
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their log. It must not be supposed that 
Nearkhos was making a voyage of discovery. 
He was probably following a track that had 
often been followed before. It was clear that 
Alexander knew the way by sea to the coasts of 
Persia before he started his fleet, and it is a 
matter of surprise rather than otherwise that 
he did not find a pilot amongst the Malli who, 
if they are to be identified with the Meds, were 
one of the foremost sea-going peoples of Asia. 
His Phoenician and Greek sailors evidently 
were strangers to the coast, and some of his 
mixed crew of soldiers and sailors had subse- 
quently to be changed for drafts from the land 
forces. 

We cannot now follow the voyage in detail, 
nor could we, even if we would, indicate 
the precise position of those islands of which 
Arrian writes between Cape Monze and 
Sonmiani; some of them may now be repre- 
sented by shoals known to the coasting vessels, 
whilst others may be connected with the main 
land. I have no doubt myself that Moronto- 
bara (the ‘‘woman’s haven’’) is represented 
by the great depression of the Sirondha lake, to 
which I have already alluded. Between 
Morontobara and Kokala (which about 
answers to Ras Kachari) they touched at the 
mouth of the Purali, or Arabius, not far from 
Liari, having an island which sheltered them 
from the sea, to windward, which is now part 
of the mainland. Near by the mouth of the 
Arabius was another island ‘‘ high and bare” 
with a channel between it and the mainland. 
This, too, has been linked up with the shore 
formation, and the channel no longer exists, 
but there is ample evidence of the ancient 
character of this corner of the coast. Between 
the Arabius and Kokala (three days’ sail) very 
bad weather was made, and two galleys and a 
transport were lost. It was at Kokala that 
they joined hands with the army again. Here 
Nearkhos formed a camp, and it was ‘‘in this 
part of the country’’ that Leonatus defeated 
the Orita and their allies in a great battle 
wherein 6,000 were slain. Arrian adds that a 
full account of the action and its sequel, the 
crowning of Leonatus with a golden crown 
by Alexander, is given in his other work, 
but as a matter of fact the other account is 
so entirely different (representing the Oritz as 
submitting quietly) that we can only suppose 
this to have been a separate and distinct action 
from the cavalry skirmish mentioned before. 

It must be noted that the coast hereabouts 
nas probably largely changed. A little further 
west it is changing rapidly even now, and it is 


idle to look for the names given by the Greeks 
as marking any positive locality known at 
present. Hereabouts at any rate was the spot 
where Alexander with such difficulty had col- 
lected ten days’ supplies for the fleet. This 
was now put on board, and the bad or indifferent 
sailors exchanged for better seaman. From 
Kokala, a course of 500 stadia (largely over 
estimated) brought them to the estuary of the 
Hingol river (which is described as a winter 
torrent under the name of Tomeros), and from 
this point all connection between the fleet and 
the army appears to have been lost. It was at 
the mouth of the Hingol that a skirmish took 
place with the natives which is so vividly 
described by Nearkhos, when the Greeks leapt 
into the sea and charged home through the 
surf. Of all the little episodes described in 
the progress of the voyage this is one of the 
most interesting; for there is a very close 
description given of certain barbarians clothed 
in the skins of fish or animals, covered with 
long hair, and using their nails as we use fish 
knives, armed with wooden pikes hardened in 
the fire, and fighting more like monkeys than 
men. Here we have the real aboriginal in- 
habitants of India. Not so very many years 
ago, in the woods of Western India, a specimen 
answering to the description of Nearkhos 
almost literally was caught whilst we were in 
the process of surveying those jungles, and 
he furnished a useful contribution to ethno- 
graphical science at the time. Probably these 
barbarians of Nearkhos were incomparably 
older even than the Turanian races which we 
can recognise, and which succeeded them, 
and which, like them, have been gradually 
driven south into the fastnesses of Central and 
Southern India. Makran is full of Turanian 
relics connecting it with the Dravidian races 
of the south; but there is no time to follow 
these interesting glimpses into prehistoric 
ethnography opened up by the log of Nearkhos. 
Nor indeed can we follow the voyage in detail 
much further, for we have to take up the route 
of Alexander, about which very much less has 
hitherto been known than can be told about 
the voyage of Nearkhos. We may, however, 
trace the track of Nearkhos past the great 
rocky headland of Malan, still bearing the 
same name that the Greeks gave it, to the 
commodious harbour of Bagisara, which is 
likely enough the Damizar, or eastern bay, of 
the Urmara headland. The Padizar, or 
western bay, corresponds more nearly with the 
name Bagisara, but as they doubled a head- 
land next day it is clear they were on the eastern 
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side of the Isthmus. The Pasiris whom he 
mentions have left frequent traces of their 
existence along the coast. Kalama, reached 
on the second day from Bagisara, is easily 
recognisable in the Khor Khalmat of modern 
surveys, and it is here again that we can trace 
a‘very considerable extension of the land sea- 
wards that would completely have altered the 
course of the. fleet from the coasting track of 
modern days. The island of Karabine, from 
which they precured sheep, may very well have 
been the projecting headland of Giaban, now 
connected by a low sandy waste with the main- 
land. It could never have been the island of 
Astola as conjectured by McCrindle and others. 
From Kalama to Kissa (now disappeared) and 
Mosarna, along the coast called Karbis (now 
Gazban), the course would again be longer 
than at present, for there is much recent sand 
formation here ; and when we come to Mosarna 
itself, after doubling the headland of Jebel 
Zarain, we find the harbour completely silted 
up. It may be noted that this western bay of 
Pasni was probably exactly similar to the 
Padizar of Urmara or of Gwadur, and that 


there is a general (but not universal) tendency 


to shallowing on the western sides of all the 
Makran headlands. Here they took the pilot 
on board, and after this there was little diffi- 
culty. `’ 

In three more days they made Barna (or 
Badara), which answers to Gwadur, where 
were palm trees and myrtles, and we need 
follow them for the present no further. Colonel 
Mockler who was well acquainted with the 
Makran‘coast, but hardly, perhaps, appreciated 
all the changes which the coast line has under- 
gone (neither indeed did I till the surveys were 
complete) ‘has traced the course of that historic 
fleet with great care. He has pointed out 
correctly that two islands (Pola and Karabia) 
have disappeared from the eastern neighbour- 
hood of the Gwadur headland and one (Deren- 
brosa) from its western extremity; and he 
might have added that yet another is breaking 
up, and rapidly disappearing off the headland 
of Passabandar, near Gwadur. He has identi- 
fied Kyiza (or Knidza), the small town built on 
an eminence not far from the shore, which 
was captured by stratagem, beyond doubt, and 
has traced the fleet from point to point with a 
careful analysis of all existing records that I 
cannot pretend to imitate. We cannot, how- 
ever, leave Nearkhos without a passing reference 
to that island on the coast of the Ichthyophagi, 
which was sacred to the sun, and which was, 
even in those days, enveloped in such a halo 
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of mystery and tradition that even Arrian 
holds Nearkhos up to contempt for expending 
“time and ingenuity in the not very difficult 
task of proving the falsehood” of these 
“antiquated fables.’’ I have been to that 
island, the island of Astola, and the tales that 
were told to Nearkhos are told of it still. There 
off the southern face of it, is the ‘‘ sail rock,” 
the legendary relic of a lost ship which may 
well have been the transport which Nearkhos 
did undoubtedly lose off its rocky shores. There, 
indeed, I did not find the Nereid of such 
fascinating manners and questionable customs 
as Nearkhos describes on the authority of the 
inhabitants of the coast, but sea urchins and 
sea snakes abounded in such numbers as to 
make the process of exploration quite sufficiently 
exciting ; and there were not wanting indica- 
tions of those later days when the Meds (now 
an insignificant fish-eating people scattered in 
the coast hamlets) were the dreaded pirates of 
the Arabian sea, and used to convey the crews 
of the ships they captured to that island, where 
they were murdered wholesale. It is curious 
that the name given by Nearkhos is Nosala, or 
Nuhsala. In these days it is Astola, or more 
properly Hashtala, sometimes even called 
Haftala. I am unable to determine the 
meaning of the termination to which the 
numerals are prefixed. Another name for it is 
Sangadip, which is also the medizval name for 
Ceylon. There can be no doubt about the 
identity of this island of sun worship and 
historic fable. 

We must now turn to Alexander. We left 
him near the mouth of the Hingol, then prob- 
ably four or five miles north of its present 
position, and nearer the modern telegraph line. 
So far he had almost step by step followed out 
the subsequent line of the Indo-Persian tele- 
graph, and at the Hingol he was not very far 
south of it. Near here Leonatus had had his 
fight with the Orita, and Alexander had spent 
much time (for it must be remembered that he 
started a month before his fleet, and that the 
fleet and Leonatus at least joined hands at 
this point) in collecting supplies of grain from 
the more cultivated districts north, and was 
prepared to resume his march along the coast, 
true to his general tactical principle of keeping 
touch with his ships. But an obstacle pre- 
sented itself that possibly he had not reckoned 
on. The huge barrier of the Malan range, 
abutting direct on the sea, stopped his way. 
There wasno “ Buzi’’ pass (or goat track) inthose 
days, such as finally and after infinite difficulty 
helped the telegraph line over, though there 
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was indeed an ancient stronghold at the top, 
which must have been in existence before his 
time, and was likely enough the original city 
of Malan. He was consequently forced 
into the interior, and here his difficulties 
began. 

We should be ata loss to follow him here, but 
for the fact that there is only one possible 
route. He followed up the Hingol till he could 
turn the Malan by an available pass westward. 
Nothing here has altered since his days. 
Those magnificent peaks and mountains which 
sutround the sacred shrine of Hinglaz are, 
indeed, ‘‘ everlasting hills,” and it was through 
them that he proceeded to make his way. 
It would be a matter of immense interest could 
one trace any record of the Hinglaz shrine in 
classical writings, but there is none that I know 
of. And yet I believe that shrine which next 
possibly to Juggernath, draws the largest 
crowds of pilgrims (Hindu and Mussulman 
alike) of any in India, was in existence before 
the daysofAlexander. For the shrine is sacred 
to the goddess Nana (now identified with Siva 
by Hindus) and the Assyrian or Persian 
goddess Nana is of such immense antiquity 
that she has furnished to us the key to an older 
chronology even than that of Egypt. The 
famous cylinder of Assurbanipal, king of 
Assyria, tells us that in the year 645 B.C., he 
destroyed Susa, the capital of Elam, and from 
‘its temple he carried back the Chaldean goddess 
Nana, and by the express command of the 
goddess herself, took her from whence she had 
dwelt in Elam, ‘‘a place not appointed her,” 
and reinstated her in her own sanctuary at 
Urukh (now Warka in Mesopotamia) whence 
she had originally been taken 1635 years 
before by a conquering king of Elam, who 
had invaded Accad territory. Thus she was 
clearly a well established deity in Meso- 
potamia 2280 years B.C. Alexander, how- 
ever, would have left that Ziarat hidden 
away in the folds of the Hinglaz mountain 
on his left, and followed the windings of 
the Hingol river some forty miles to its junc- 
tion with a stream from the west, which would 
again give him the chance of striking out 
parallel to the coast. 

We should be in some doubt at what 
particular point Alexander left the Hingol, 
but for the survival of names given in history 
as those of a people with whom he had to 
contend, viz., the Parikanoi, the Sagitte, 
and the Saka, names not mentioned by Arrian. 
Now, Herodotus gives the Parikanoi and 
Asiatic Ethiopians as being the inhabitants of 


the seventeenth satrapy of the Persian Empire, 
and Bellew suggests that the Greek Parikanoi 
is a Greek transcript of the Persian form of 
Parikan, the plural of the Sanskrit Parva-ka— 
or in other words the Bu-roh:—or men of 
the hills. However this may be, there is 
the bed of the stream called Parkan skirt- 
ing the north of the Taloi range and lead- 
ing westwards from the Hingol and we 
need look no further for the Parkanoi. In 
support of Bellew’s theory it may be stated 
that it is not only in the heart of the 
Brahui country, but the Sajidi are still a 
tribe of Jalawan Brahuis, of which the chief 
family is called Sake, and that they occupy 
territory in Makran a little to the north of the 
Parkan. There is every reason why Alexander 
should have selected this route. It was his 
first chance of turning the Malan block, and it 
led most directly westwards with a trend 
towards the sea. But at the time of the year 
that he was pushing his way through this low 
valley flanked by the Taloi hills, which rose to 
a height of 2,000 feet above him on his left, 
there would not be a drop of water to be 
had, and the surrounding wilderness of sandy 
hillocks and scanty grass-covered waste would 
afford his troops no supplies and no shelter 
from the fierce autumn heat. All the miseries 
of his retreat were concentrated into the dis- 
tance (about 200 miles) between the Hingol 
and the coast. 

The story of that march is well told by 
Arrian. It was here that occurred that gallant 
episode when Alexander proudly refused to 
drink the small amount of water that was 
offered him in a helmet, because his army was 
perishing with thirst. It must have been near 
the harbour of Pasni, once again almost on 
the line of the present telegraph, that Alex- 
ander emerged from the sand storm with but 
four horsemen on to the sea coast at last, and 
instantly set to work to dig wells for his 
perishing troops. Thenceforward Arrian tells 
us only that he marched for seven days along 
the coast till he reached the well known 
highway to Karmania, when he turned inland, 
and his difficulties were at an end. Now, that 
well known highway was almost better known 
then than it is now. He could only leave the 
coast near the Dasht river and strike into the 
valley of the Bahu, which would lead him 
through a country subsequently great in Arabic 
history, over the yet unsuspected sites of many 
famous cities, to Bampur, the capital of 
Gadrosia. From leaving the coast to Bampur 
the duration of his march with an exhausted 
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force would be little less than a month. 
Working backward again from that same point 
(which may be regarded as an obligatory one 
in his route) the seven days’ weary drag through 
the sand of the coast would carry him no 
further than from the neighbourhood of Pasni, 
and that is why I have selected that point for 
the historic episode of his guiding his army 
by chance and emerging on to the shore 
«“nexpectedly, rather than the neighbourhood 
of the Basol river, to which the Parkan route 
should naturally have led him. He clearly 
lost his way, as Arrian says he did, or else the 
estimated number of marches is wrong. We 
are told by Arrian that he reached Pura, the 
capital of Gadrosia, on the sixtieth day after 
leaving the country of the Oritæ. This is a 
little indefinite, as he may be considered to 
kave left the country of the Oritæ when he 
started to collect supplies from the northern 
district, and we do not know how long he was 
on this reconnaissance. Probably, however, 
the date of leaving the coast and striking 
inland up the Hingol river is the date referred 
to by Arrian, in which case we may estimate 
that he spent about twenty-four days negotiat- 
ing the fearfnl country opened up to him on 
the Parkan route ere he touched the sea shore 
again. Thisis by no means an exaggerated 
estimate if we consider the distance (something 
short of 200 miles) and the nature of his army. 
A half-armed mob, which included women and 
children, and of which the transport consisted 
of horses and mules and wooden carts dragged 
by men, cannot move with the facilities of a 
modern brigade. Nor would a modern brigade 
move along that line with the rapidity that has 
distinguished some of our late manceuvres in 
South Africa. On the whole, I think the 
estimate a probable one, and it brings us to a 
consideration of Bampur as the ancient capital 
of Gadrosia. 

I am well aware that another place, Fahraj, 
halfway between Bampur and Kirman and on 
the edge of the Kirman desert, has been 
accepted by scholars as the ancient capital of 
Gadrosia ever since the late Sir O. St. John 
discovered it during the progress of the Sistan 
Commission. The name Fahraj is indifferently 
Fahraj, Purag, or Pura, and the ruins of it are 
extensive and undeniably most ancient. St. 
John points out that it is the probable place of 
junction between the forces of Alexander and 
of Krateros, who joined before reaching Kir- 
man, and could only have joined about this 
point; and that it is about 60 days’ march 
from the country of the Oritz as then under- 


stood. Against this I have to urge that it is 
improbable that the country of Gadrosia 
extended so far to the north-west. Fahraj is 
well within the natural Kirman division of 
Khorasan now, and probably was always so. 
Although I agree that it was by the caravan. 
route across the desert from the great bend of 
the Helmund to this point that Krateros with 
his elephants and heavy baggage must have 
joined Alexander, I do not find it stated any- 
where that he joined at Pura—but that he 
joined when Alexander was on his way from 
Pura to Kirman. Again I cannot agree that 
St. John’s estimate allows sufficiently for the 
slow progress of the Greek force in face of such 
difficulties as we know of, and there is finally 
this great objection to Fahraj which I think is 
conclusive. In order to reach Fahraj Alex- 
ander must have passed Bampur. There is no 
other way consistent with Arrian’s account. 
Bampur is, however, a city as ancient as 
Fahraj, and not far to the east of Bampur is 
the site of a still more ancient, though now 
reoccupied, city called by the very names that 
Fahraj is known by—viz., Purag or Pura; and 
Pura is the modern appellation. Thus there are 
two places with identically the same name, 
Fahraj and Pura, and as no mention is made 
of Alexander’s passing the latter, and as the 
latter is within the limits of what we believe to 
be Gadrosia, I have, myself, no hesitation in 
assigning that position to the acient capital of 
the Gadrosians. We have now followed 
Alexander out of India into Persia. Thence- 
forward there are no great geographical ques- 
tions to decipher, or knots to be untied. His 
progress was a progress of triumph, and the 
story of his retreat well ends with the thrilling 
tale of his meeting again with Nearkhos, after 
the latter had harboured his fleet at the mouth 
of the Minab river and set out on the search 
for Alexander, guided by a Greek who had 
strayed from Alexander’s army. Blackened 
by exposure and clothed in rags, Nearkhos was 
unrecognised till he announced himself to the 
messenger sent to look for him. Even 
Alexander himself at first failed to recognise 
his admiral in the extraordinary apparition 
that was presented to him in his camp, and 
could only at first believe that his fleet must 
have perished and Nearkhos and Arkias were 
sole survivors. We can imagine what followed. 
Those were days of ready recognition of service, 
and no dispatches, and all Persia was open to 
the conquerors to choose their reward. But 
all history has its moral, and the moral of the 
story of Alexander’s retreat might easily be 
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mistaken, if indeed it has not been so mistaken 
through alltime. Arrian is nota good-natured 
biographer. Whilst giving to his hero all 
credit for his gallantry and his determination, 
he never forgets to sneer at his ostentation 
and an occasional display of what in modern 
slang would be termed ‘‘bad form.” Other 
writers than Arrian have told the story of 
Alexander’s retreat, and of the disasters that 
attended it, and have inferred, if not actually 
stated their conviction, that where so great a 
general as Alexander failed it would be hope- 
less for others to attempt to succeed. Arrian, 
however, very clearly points out that which is 
most undoubtedly true, that it was only Alex- 
ander’s obstinate determination to do that 
which had proved so fatal to Semiramis and 
Cyrus that led him to select the worst possible 
route through. Makran. It is impossible to 
suppose that he did not know that there were 
better and more open ways, even though we 
may credit him with the wish to support his 
fleet by adopting a route as near the coast as 
possible. The high road between west and 
east that lies through Makran must have been 
known before Alexander’s time, just, indeed, 
as we may be certain from the course which 
was Steered by the Mosarna pilot as soon as he 
took charge of the fleet that the sea route to 
Persia was well known. After Alexander’s 
time many centuries elapsed before we get 
another clear historic view into Makran, and 
then what do we find ? A country of great and 
flourishing cities, of high roads connecting 
them with well-known and well-marked stages; 
armies passing and repassing, and a trade 
which represented to those that held it the 
Cominant commercial power in the world, 
flowing steadily century after century through 
that country which was fatal to Alexander, 
and which we are rather apt now to consider 
the fag-end of the Baluchistan wilderness. 
The history of Makran is bound up with the 
history of India from time immemorial. Not all 
the passes of all tbe frontiers of India put 
together have seen such traffic into the broad 
plains of Hindustan as for certainly threc, and 
possibly for eight centuries passed through the 
gateways of Makran. As one by one we can 
now lay our finger on the sites of those historic 
cities, and first begin faintly to measure the 
importance of Makran to India ere Vasco da 
Gama first claimed the honour of doubling the 
Cape and opened up the ocean highway, we 
can only be astonished that for four centuries 
more Makran has remained a blank on the 
map of the world. 
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DISCUSSION. 


Sir GEORGE BIRDWOOD, K.C.S.I., C.I.E., said the 
story of the anabasis of ‘ striding Alexander ” was as 
familiar to Englishmen as that of the wrath of Achilles, 
and of the wanderings of Ulysses. They were never tired? 
of books on the subject, and they never would be ; and 
it was naturally of the deepest interest to an English 
audience to listen to an exposition of the land routes 
and the sea route along which he returned from India to 
Susa and Babylon by a geographer of the high 
scientific ability and reputation of Sir Thomas 
Holdich, who had been able to compare many sec- 
tions of those routes with the accounts of them by the 
surveyors, and annalists who accompanied “the youth 
of Pella’’ on his high emprise, as these have been so. 
simply, and briefly, and lucidly, and with such honesty 
of purpose, compiled for us from their surviving 
fragments by Arrian. Sir Thomas Holdich had, 
indeed, afforded them a great intellectual pleasure, 
in which he (the speaker) had himself participated 
with especial zest ; for during the war of 1856-7 he 
had twice sailed past the tranced seaboard of Persia, 
and had sketched the opalescent loom line of the 
coast the whole way from opposite Ras Mesandum to 
the delta of the Tigris and Euphrates; and the de- 
tailed landscape from Bushire and Karak to the delta, 
and above the delta, to Mohammera and Bussroah, 
and about Ahwaz on the Karun, the Ulai of “the 
Book of Daniel.” It was a region of the highest 
natural enchantment, where on every side sense is at 
once spiritualised in vision, and history in its actual 
making becomes mythology; and to have all that 
rapt dreamland, trodden by Ibn Batuta and Ser Marco 
Polo, and the Rabi Benjamin of Tudela, and Edrisi, 
and traversed by Nearchus and Alexander, the scene 
of the tragic glories of the Achwmenian Persian 
Babylonian, and Assyrian Empires, and the actual 
site of Paradise,—to have all this shore of the oldest 
romance and human history conjured up before yow 
again, was indeed delightful; and the heartiest thanks 
would be accorded by the meeting to Sir Thomas 
Holdich for a paper which was a solid and 
most attractive contribution to our knowledge of the 
historical geography of the Persian Gulf. He had 
only one adverse criticism to offer on the paper, and 
he pressed it merely to promote discussion. It was 
an objection to the title. He denied that there 
was anything like a ‘‘retreat,’’ ¢.¢. a retirement 
on his lines of communication, in Alexander's retum 
expedition from India. He did not conquer in 
either the Asiatic sense of devastating countries and 
exacting tribute from them; or in the Roman sense 
of subjugating and annexing them, and rigidly reor- 
ganising their administration; but in the Greek 
sense of advancing the cause of liberty and 
civilisation, in a word, the Hellenisation of the 
world. Alexander’s great personal ambition was to 
weld the Persians and Indians and Greeks into a 
united délite people, of one scientific, literary, artistic 
and religious culture, if not of one actual race ; and to 
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do this chiefly through promoting commerce between 
them. At every step of his so-called ‘‘ conquests ” the 
Greek language and Greek art were planted out, 
and took firm root and flourished; and the Greek 
or rather Hellenised kingdoms founded by him 
in every part of Anterior Asia continued to exist 
for centuries after his death. Before Alexander 
nothing was known of India but what was to 
be found in Herodotus and Ctesias, but after 
his anabasis the knowledge of India and inter- 
course with India were thrown open to the whole 
world of the West, and an immense extension was 
given to the trade of West in the productions of.the 
East; and such an impulse to the study of geo- 
graphy, natural history, and other sciences, that 
within 500 years the Schools of Philosophy at 
Athens, and of Science at Alexandria were on 
the threshold of anticipating the great economic 
developments and scientific discoveries of the 17th, 
18th, and 19th centuries:—when there came the 
cataclysm of the irruption of the barbarians, and 
the advance of European prosperity and civilisa- 
tion was checked for more than a thousand years. 
The very title of Arrian’s history of Alexander is a 
contradiction of the suggestion that he retreated from 
India. Even when the home-sick Greeks of the army 
protested against marching farther eastward into 
Hindustan he did not draw back, but continued his 
course of exploration southward, down the Indus to 
the Sea, undertaking some successful military 
campaigns by the way. In a word, anabasis means 
‘‘ascent,”? “an advance from victory to victory” 
{compare Psalm Ixviii, 18]. It is a common medical 
term, meaning the ‘‘ aggressive ” stage of a disease. 
The fact is that Alexander, having accomplished all 
that he could with the means at his command in 
India, deliberately returned by a new overland and 
a new sea route to Susa and Babylon,—there to 
celebrate, in flagrant view of the whole world of 
his time, his marvellously successful Hellenisa- 
tion of all the Asiatic countries between the 
Mediterranean Sea and the River Indus; and 
he celebrated his “triumph” [the very word 
is derived from the (thriambot, or  Bacchic 
hymns sung before him on these occasions] in 
such a manner as to emphatically demonstrate that 
his great object was to fuse European and Asiatics 
together, and to make the whole civilised world 
of antiquity drink of the same ‘Loving Cup,” 
‘“spiced ” to the brink with the toast:—Glory to 
God in the highest, and on earth peace, good will 
toward men. This tinctured all his thoughts, this 
was the elixir of his immortality. The Journal of 
Nearchus, which is almost literally reproduced 
by Arrian, proves that the so-called “Retreat” 
was a scientifically devised geographical and com- 
mercial exploration. In chapter; xx., Nearchus 
expressly states that Alexander designed the 
navigation of the whole circuit of the coast 
from Alexander’s Haven [Karachi] to Susa, to 
determine whether the sea that way was navigable 


or not. In ch. xxiv., he states that on the fleet 
arriving at the mouth ofthe Tomeros [Hingal River] 
the natives were astonished at the apparition of it, 
and assembled with long sticks to oppose the landing 
of the Greeks. In ch. xxvii., he states that on 
arriving at Mosarna [now Gazdan] he took a 
native pilot on board, who consented to conduct 
the fleet so far as the Carmanian coast ; and that from 
that day he was able to weigh anchor at night, and 
so take advantage of the land breeze, and to 
better understand the names of harbours he entered. 
In ch. xxx., he states that when bearing away from 
Kuisa (now called Ras Gunse] his sailors were greatly 
alarmed by the blowing of whales about the ships, 
and that, even when the native pilot explained that 
the beasts were but disporting themselves in the 
sunshine, the sailors would not be quieted, but 
went on shouting alala, alale, to frighten them 
off. In ch. xxxii., we read that the fleet having 
reached Ras-Mesandum, [#.¢e. ‘the Anvil,” from 
the incessant thundering of the surges against 
the base of this basaitic headland*], the gate of 
the Persian Gulf, Onesicritus proposed that 
they should double it, and follow its lead, on the 
westward side, into, as he hoped, the Red Sea, and 
so escape what remained of the distressing passage 
up the Persian Gulf to Susa; but Nearchus rebuked 
him, asking him if he did not know with what design 
Alexander had sent the fleet on its adventurous 
voyage, and that it was not because he could not 
have taken his whole army to Susa safely by land, 
but to obtain a knowledge of the coasts and of the 
harbours and islets—and particularly whether they 
were habitable or not—between India and Persia. 
In ch. xxv. Nearchus states that Alexander, to whom 
he had gone a five days’ journey inland, on hearing 
that the fleet was safely beached at the mouth of the 
Anamis (now Minbar River], on the beautiful coast of 
Carmania, rejoiced greatly, and swore by Zeus and 
Ammon that he felt far happier in receiving the 
auspicious news than in being the conqueror of Asia. 
In ch. xxxvi. he states that at Organa (now Ormuz), 
the chief of the island consented to pilot the fleet for 
the remainder of the voyage to Susa. Then, after 
Nearchus is received, as related in ch. xlii. by 
Alexander at Susa, Arrian himself, in ch. xlii., 
adds comments on the difficulties of the navigation of 
the Erythrean Sea generally, and implies that the 
voyage from India along the shores of Gadrosia and 
Carmania had never been made before Nearchus, 
unless by some wandering phantom of the seas.t All 


® Called also Salamah, ‘“‘ Safety,” a propitiatory euphemism, 
employed in the hope of averting the “ danger ” of the bead- 
land to navigators. Compare “Euxinus” for “ Axenus 
pontus.” It is also called Ras ef Nhebrr Hurdt, the Cape 
of the Indian’s Grave.” See McCrindle’s * Periplus of the 
Erythrean Sea and Voyage of Nearchus,’’ and Moore’s 
“ Lala Rookh.” 

+ This is rather remarkable considering the widespread 
tradition of Phænician trade and navigation in the Indian 
Ocean. But the great commercial route of antiquity to 
India was the Babylonian, through Ecbatana, the “Caspian 
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this is conclusive against the suggestion that Nearchus 
was but following a track known to Alexander before, 
and that it was followed merely to lighten the march 
of the army returning through Gadrosia and Car- 
mania to Susa and Babylon. Neither return expedi- 
tion was of a strictly military character—the one on 
foot, indeed, was for the greater part of its way but 
a military triumph—and both expeditions kept the 
scientific and commercial objects they had in view 
clearly before them. On this point Humboldt, as quoted 
by McCrindle, says:—“The Macedonian campaign 
which opened so large and beautiful a portion of the 
earth to the influence of one sole highly-gifted race, 
may, therefore, certainly be regarded in the strictest 
sense as a scientific expedition, and, moreover, 
as the first in which a conqueror had surrounded 
himself with men learned in all departments of 
science as naturalists, geometricians, historians, 
philosophers, and artists.” The scientific staff 
of Alexander’s expedition included, among those 
individually named, an itinerographer, who mea- 
sured and recorded the distance of his marches; 
a stathmographer, who located and described his 
halting places; a journalist, who edited the 
Ephemerides of the expedition; a diarist, who 
recorded anecdotes of Alexander's private life; 
three geographers; three hydrographers; at least 
six general historians; and besides these there were 
the commercial travellers. Except journalists—who 
are freelances—we have no specialists of the sort 
with our armed levies in South Africa, or with 
our military force in China ; but we are sending out a 
scientific voyage of remote discovery to the South Pole! 


Sir Thomas Holdich had referred to some of the geo- 


graphical folk-lore of the Persian Gulf, and in this con- 
nection he (Sir George Birdwood) regretted that his 
paper made no mention of the island placed by Nearchus 
about 1,000 stadia beyond Kishm, and named by him 
Kataia. It is usually identified with the modem 
Kish or Kais, which, between the decline of Siraf and 
the rise of Ormuz, was the great emporium of the trade 
through Anterior Asia between the West and East. 
The Persian tradition, according to Sir William 
Ouseley, is that the island derived its name from one 
Kais, the son of a poor widow of Siraf, who going on a 
voyage in the roth century to India, made a fortune 
there by selling his favourite cat to a raja whose 
palace was so overrun with rats that they snatched 
the food from him before he could carry it to his 
mouth. [See Asher’s “Itinerary of Rabbi Benjamin 
of Tudela,” vol. ii., pp. 175-8; also Lyson’s ‘ Story 
of Whittington and his Cat.”] If this is an 
authentic roth century legend, it is the original 
story of ‘‘Dick Whittington and his Cat,” and 


Gates,” Herat (“Alexandria in Aria’’), and the Cabul 
Valley to Taxila on the Indus; and thence either across into 
the valley of the Ganges, and by Patna [“ Palimbcthra ’’] to 
the Bay of Bengal, or down the Indus to the sea. The 
special Phoenician route, was from Petra, across the Arabian 
desert to Gherra, at the back of the bay which shelters the 
pearl fisherics of the palm-tufted islands of Bahrein. 


many here present would be interested to know 
whether Sir Thomas Holdich heard anything of it 
locally, and whether he identifies Kaish, Keish, Kyes, 
Qas—however it should be spelt or pronounced—with 
Kataia. In conclusion, he would only beg to repeat 
the expression of his grateful sense of the deep obli- 
gation they were all under to Sir Thomas Holdich for 
his valuable and most interesting paper, which as a 
weighty piece of scientific geographical criticism was 
as appropriate and fine a tribute as could possibly 
have been offered to “ the noble dust of Alexander.’” 


Mr. B. T. Frincu, C.I.E., referred to the tele- 
graph line along the Makran coast. In 1863, when that 
line was built, the officers, finding, as they approached 
the Hara range of mountains, that it was impossible 
to continue inland, approached the sea nearer and 
nearer until they came to that part where the moun- 
tain dipped into the sea, with cliffs 2,000 feet high. 
There being no way of crossing the mountain from 
the east, it was decided to lay a cable round the 
mountain. That was done, but the cable was very 
quickly destroyed through rubbing on the rocks. 
It was then found that there was a goat path from 
the west which led to the top of the mountain, and 
the telegraph material was carried up, and eventu- 
ally the line was constructed across the mountain. 
The cliff on the east side being 2,000 feet high, a post 
was placed horizontally on the top of the mountain, 
and a wire dropped to a post at the base. A guard 
was stationed at the foot of the mountain, and another 
guard at the top, and the only way in which they 
could communicate with each other, whether the line 
was in order or not, was by the firing of their guns. 
It took a clever Beluch-man seven days to go from 
the post at the bottom to the post at the top, because 
they had to traverse a roundabout route in order to 
get there. After passing the mountain, the posts were 
erected on the sea beach, and during the monsoon 
months especially, the line worked very unsatisfac- 
torily, as it was extremely damp. In addition to this, 
it was constantly being interrupted by the falling 
rock. The result was that some other way had to be 
found for the telegraph line. He said to the assistant 
that he believed there was a way inland up the bed of 
a river, but, of course, that was useless for a tele- 
graph line. He had also been informed that 
there was another pass—the Asses Pass, there 
being a legend that an ass had been ass enough 
to go that way. Eventually, however, the line 
was carried through that pass. A camel track 
was cut on the side of the mountain, and, after three 
years, they were able to move the line. He wished 
to correct what Sir Thomas Holdich had said by 
stating that the track along which the telegraph now 
went was really the route of the country. It was 
universally used for going to Ormara from Sonnaiani 
and other parts of the coast. Sir Thomas Holdich 
had not mentioned in his paper the mud volcano , 
which existed near Ras Kachari. It was quite 
possible that that was not in existence 3,000 
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years ago, but, at the prescnt time, it was a very 
high and noticeable hill, and pilgrims going to 
the Hinglaj shrine invariably visited that active mud 
volcano on their way there. 


Sir HENRY MANCE, C.I.E., said it would be very 
interesting to know whether Alexander and Nearchus 
were in touch with one another during the retreat 
from India. He had seen it stated in an old record 
that Alexander signalled from the hills to Nearchus 
by means of stecl mirrors. It was somewhat remark- 
able that 2,000 years afterwards the very first experi- 
ments which led to the development of the helio- 
graph, and its introduction into the armies of the 
world, were conducted on the same ground. 


The CHAIRMAN moved a hearty vote of thanks to 
Sir Thomas Holdich for his exceedingly interesting 
paper, which was carried unanimously. 


Sir THomaAs HoLDICH, in reply, said that with 
regard to Sir George Birdwood's criticism of the 
title of the paper, in calling it “A Retreat from 
India ” he was under the impression that Alexander 
had to go. He believed the army mutinied and 
declined to go further. As far as he knew, Alexander's 
idea was not to halt where he did in India, but extend 
his conquests as far as the Ganges. The line of the 
Indus gave him a most acceptable route for further 
exploration. That Alexander originally contemplated 
when he went to India to return by the Indus and 
the Persian coast he certainly was not aware of. He 
thought it was beyond doubt that Alexander knew 
his way, that the country had been explored before- 
hand, and that the sea coast was known, because the 
Phoenicians must have sailed in the Persian Gulf, 
certainly as far east as India, before Alexander’s 
time. The very fact of Alexander taking a pilot on 
board proved that conclusion. He had never heard 
of the legend attaching to the Island of Kais. He 
had heard innumerable legends in his journeys up 
and down the Persian coast, but he had never heard 
that particular one of the original story of Dick 
Whittington. He believed his friend, Mr. Ffinch, 
would bear him out that it was the rats which were the 
nuisance of the Persian Gulf. 


SIXTEENTH ORDINARY 
MEETING. 

Wednesday, April 24th, 1901; the Right 
Honourable the LORD CHIEF JUSTICE, 
G.C.M.G., Vice-President of the Society, in 
the chair. 

The following candidates were proposed for 
election as members of the Society :— 

Andrew, George Edward, H.M.S. Resolution, 

Channel Squadron. 

Dobbing, Frederic C., J.P., Calderwood, Chislehurst, 

Kent. 

Donkin, D., Albemarle, Wimbledon-common, S.W. 


Harrowby, Earl of, 9, Grosvenor-gardens, S.W. 

Miles, William, 114, Melody-road, Wandsworth- 
common, S.W. 

Roe, Captain B. O., Kulu, Punjab, India. 

Snell, Charles Scott, 51, Victoria-street, S.W. 

Swarup, Bishan, Jenapur, Orissa, India. 

Williams, Rose Lilian, 2, Royal York-villas, Clifton, 
Bristol. 


The following candidates were balloted for 
and duly elected members of the Society :— 
Biddulph, Mrs. John, 20, Onslow-square, S.W. 
Downes, James Rathbone, East Surrey Water 

Company, Redhill. 

Duncan, J. H., 39, Coleman-street, E.C. 


Holland, Commander G. E., R.I.M., D.S.O., Port 
Officer, Rangoon, Burma. 


Johnson, Wallace C., M.Amer.S.C.E., Niagara Falls, 
New York, U.S.A. 


Nicoll, John, Adderley, Monifieth, Scotland, and 
Calcutta, India. 

Oliver, James William, Debra Dun, N.W.P., India. 

Savill, Howard S., Northumberland and Northerr 
Counties Club, Whitehall-court, S.W. 

Wray, P. Remus, 42, Tollington-road, Holloway, N. 


The paper read was 


PATENT-LAW REFORM. 
By ALEX. SIEMENS. 


During the last few years a growing dissatis- 
faction has manifested itself with the working” 
of the Patent-laws in this country, and various 
suggestions have been made as to how they 
could be improved, most of which advocate a 
strict preliminary examination. 

As the Society of Arts initiated the agitation 
which led to the ‘‘ Patents Act, 1883,’’ it may not 
be out of place to raise the question again 
before its members, and this paper is intended 
to start a discussion on the subject by making 
suggestions how alteraticns of the present law 
might be made to the advantage of the public 
as well as of the inventor. 

In order fully to appreciate the present 
position of the Patent-laws, it will be useful to 
give a brief outline of their historical develop- 
ment, and also to indicate a few of the 
characteristic points of foreign Patent-laws by 
way of comparison. 

The earliest grant of a monopoly appears to. 
have been made by Edward III. in 1331 when 
he granted letters of protection to John Kempe, 
a native of Flanders, to enable him to set up 
the industry of cloth-making in England ;* 
but this Royal prerogative was not often 
exercised until the reigns of Henry VIII. and 


® Wallace and Williamsor, the Law of Letters Patent for 
Inventions, page 3. 
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of Elizabeth. During the latter’s reign serious 
complaints were raised in the House of Com- 
mons in reference to abuses of this privilege. * 

It is significant that the Queen did not 
pretend that she could create monopolies at 
her pleasure, but the preambles to the instru- 
ments conveying the grants always set forth 
some public benefit to be derived from their 
action. Towards the end of her reign the 
incidents of a valid monopoly patent were 
stated by Fuller, one of the counsel for the 
defendant in the case of Darcy v. Allin, in the 
following passage, which has been frequently 
quoted asa correct exposition of the law :—f 

« Now therefore, I will shew you how the Judges 
have heretofore allowed of monopoly patents, which 
is that where any man of his own charge and industry 
or of his own wit and invention doth bring any trade 
into the Realm, or any engine tending to the further- 
ance of trade that never was used before, and that 
for the good of the Realm: that in such cases the 
King may grant him a monopoly patent for some 
reasonable time until the subjects may learn the same, 
in consideration of the good that he does bring by 
his invention to the commonwealth ; otherwise not.” 


In spite of promises to the contrary, the 
abuses in granting monopolies continued, until, 
during the first Parliament of James I., a 
‘‘ Committee of Grievances ’’ was appointed to 
investigate the whole subject.} 

As a result, after a protracted struggle with 
the King, the ‘‘ Statute of Monopolies (1623) ” 
was passed, by which all monopolies were 
abolished with a few exceptions of a temporary 
character, and the most important exception 
set out in Section 6 :—4 


“ Provided also . . . that any declaration 
before mentioned shall not extend to any letters patent 
and grants of privilege for the term of 14 years or 
under, hereafter to be made, of the sole working or 
making of any manner of new manufactures within 
this Realm to the true and first inventor and inventors 
of such manufactures, which others at the time of 
making such letters patent and grants shall not use, 
so as also they be not contrary to the law nor mis- 
chievous to the State by raising prices of commodities 
at home, or hurt of trade, or generally inconvenient 


99 
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On the limiting words, ‘‘ within this Realm,” 
the interpretation has been based, which Lord 
Brougham expressed in the following terms :—| 

“« The Patent-law is framed in a way to include two 
species of public benefactors; they are those who 


è Ency. Rrit., vol. xvi., page 757. 
+ W.and W., page 7. 

+ Ency. Brit., vol. xvi., page 757. 
? W. and W., page 008. 

il W. and W., page 32. 


benefit the public by their ingenuity, industry, and 
science and invention and personal capability; the 
other those who benefit the public without any 
ingenuity or invention of their own, by the importa- 
tion of the results of foreign inventions. Now the 
latter is a benefit to the public incontestably, and 
therefore they render themselves entitled to be put 
upon somewhat, if not entirely the same footing as 


inventors.” 


On these principles the whole patent legisla- 
tion of the United Kingdom has been founded, 
but as Sections 10, 11, and 12 of the ‘“‘Statute of 
Monopolies (1623)’’ and all subsequent Acts or 
sections of Acts referring to patents were 
revoked" by the ‘‘ Patents Act (1883)’’ and its 
amending Acts (1885-88), it would be super- 
fluous to enter into the details of the various 
stages of its development, and it is sufficient 
to give a succinct statement of the law as it 
now stands. 

Monopolies for a limited period are granted 
to such persons who invent or import useful 
novelties, provided they describe in their 
specification the invention or importation in 
such a manner that a skilled person can carry 
out the manufacture after the patent has 
expired. 

Every application for provisional protection 
and every complete specification is submitted 
to the Examiner, who has to consider and 
report to the Comptroller on the following 
points : —t 

1. Whether the applicant has fairly described 
the nature of the invention. 

2. Whether the specifications and drawings 
(if any) have been prepared in the prescribed 
manner. 

3. Whether the title sufficiently indicates the 
subject matter. 

4. Whether the invention particularly des- 
cribed in the complete specification is sub- 
stantially the same as that descrtbed in the 
provisional specification. 

Where the Comptroller, after receiving the 
report of the examiner, refuses to accept a 
specification, or requires an amendment, the 
applicant may appeal from him to the law 
officer, whose decision is final. 

The acceptance of the complete specification 
is advertised, and any person may give notice 
of opposition, within two months, to the grant 
of the patent on certain very limited grounds ; 
if there is no opposition, or if it fails, the patent 
is sealed. 

Simple as this procedure is, the Patent-law 


®* W.and W., page 645. 
+ W. and W., pages 285 and 288; also Section 6, 7 and 9 
of “ Patents Act, 1883.” 
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of France, passed sth July, 1844, is still less 
exacting. An inventor or his assignee may 
obtain a patent for 15 years for a useful and 
novel invention provided the application is made 
before the filing of the complete specification 
in foreign countries with certain exceptions, 
and provided that the invention is worked in 
France within two years of the date of the 
grant, and the working does not cease for any 
two consecutive years afterwards. In addition, 
the importation of the patented article invali- 
dates the grant, except from a country belonging 
to the Union for the Protection of Industrial 
Property. 

The French law stipulates further, that all 
articles labelled ‘‘ patented’’ must bear in 
addition the letters ‘‘S.G.D.G.”’ signifying 
‘‘not guaranteed by Government,” and the 
questions, whether a patented invention is 
really useful and novel, are only investigated 
in case of litigation. 

In strong contrast to Great Britain and 
France, there is a very strict preliminary 
examination in the United States and also in 
Germany. 

A highly-trained staff of experts examine 
into the novelty of each application, calling the 
attention of the inventor to any prior publica- 
tion that they may discover in any country. 

In the United States the practice is to put 
‘the application in interference with any other 
application or patent already granted relating, 
in the opinion of the examiner, to the same 
subject, and a regular lawsuit follows to deter- 
the priority of the inventions. 

After one interference has been disposed of 
another may be discovered by the examiner and 
the whole procedure of hearing evidence of both 
sides has to be repeated, so that it happens 
not infrequently that a patent application is 
kept for years before the examiners. 

In Germany the specifications and drawings, 
after they have passed the official examiner, 
are open to public inspection, and any objection 
raised by a member of the public will be con- 
sidered by the examiners. 

The object in both these countries is to give 
the inventor an opportunity of eliminating from 
his specification anything that may clash with 
prior rights, and to make his patent, after it 
has passed through the ordeal of severe exami- 
nation, practically unassailable. 

As already stated, this system has many 
admirers in this country, and lately the 
grievances of inventors relating to the prelimi- 
nary examination of applications for patents 
have been exhaustively treated by Mr. Lloyd 


Wise in a paper read before the London 
Section of the Society of Chemical Industry. 
The remedies suggested by him were 
summarised in Engineering of the 23rd 
November, 1900, as follows : 

‘“‘ The scheme is based upon the lines that : — 

‘<1. It is desirable as far as practicable to afford to 
applicants for patents and to the public full informa- 
tion concerning the novelty of inventions in respect of 
which patents are sought. | 

“2. As, however, patents have sometimes been 
ultimately supported in respect of inventions which 
even eminent judges have regarded as non-patentable, 
it is not advisable in any unopposed case that a 
patent should be refused on the ground that the 
invention or alleged invention is obviously old or has 
been previously patented in this country, provided 
the applicant (if required) so amends his specification 
as to indicate what was previously known, thus 
protecting the public against being misled. 

“ 3. Furthermore (provided that, if necessary, the 
applicant suitably amends his specification), it is not 
advisable either to make it publicly known that the 
specification has been amended at the instance of the 
Patent-office authorities or to give publicity to any 
official communication of any kind (whether by en- 
dorsement on the specification or otherwise), implying 
doubt as to the novelty of the subject matter in 
respect of which the patent is granted ; because such 
publicity would obviously create prejudice against 
the patent, and where based upon crroneous opinion, 
would operate unjustly.” 


For the present purpose it is not necessary 
to enter upon the considerations which led 
Mr. Lloyd Wise to propound this scheme, as 
the summary clearly shows that he is in favour 
of making the examination for novelty much 
more exhaustive than it 1s at present in this 
country. 

Before discussing this view further, it is very 
instructive to observe the trend of public 
opinion in a country where the examination is 
as strict as it can be made, viz., in Germany. 

The position of affairs is very clearly 
explained in a paper read by M. von Hefner 
Alteneck before the Elektr. Techn. Verein, in 
Berlin, on the 27th March, 1900, in which he 
made certain proposals to alter the German 
Patent-law.* 

In his opinion the examination system has 
serious drawbacks, which he summarises as 
follows :— 

1. Important patents are not secured thereby 
against litigation. 

2. Very heavy cost has to be incurred before 
the true value of an application is ascertained. 

3. After a long examination the invention 
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may become valueless through something 
better being found out in the meantime. 

As M. von Hefner Alteneck expresses it: 
“ At the time of application the invention is at 
such a tender age that it is unable to sustain 
the burden of a severe examination. All the 
same the inventor is forced to apply for a 
patent to secure his rights against other people 
whom he has to employ to work out the details 
of his invention.”’ 

As a remedy for these evils M. von Hefner 
Alteneck recommends that the inventor should 
have the option at the time of making his 
application, either to demand a patent in 
accordance with the present (German) practice, 
viz., strictly examined for novelty and utility, 
or to have the invention merely registered, in 
which case it would be examined somewhat in 
the same way as English patents are. 

A registered patent should be convertible 
into an examined patent at any subsequent 
time whenever the inventor desires it. Should 
the registered patent fail to pass the examina- 
tion, or if the examination is stopped before it is 
concluded, the patent becomes void altogether. 
dt should also be competent for anybody to 
petition the Patent Office to annul a registered 
patent for specified reasons, but even if such 
a petition were successfully resisted the patent 
would remain a registered one. Any attempt 
to pass off a registered patent as an examined 
patent should be punishable. 

M. von Hefner Alteneck mentioned in the 
paper that he had for a long time considered 
the American system greatly superior to the 
German system of examination until his faith 
was shaken by hearing an American inventor 
of great experience in patent matters express 
the fervent conviction that the German system 
was ever so much better than the American 
one. 

During the discussion of that paper,* 
Mr. West defended the strict examination on 
the plea that a patent should be considered to 
be of the nature of a contract by which the 
Government for the valuable consideration of 
the invention, granted a monopoly which the 
Government should guarantee by establishing 
the novelty and utility of the invention at the 
time of granting the patent, and to meet 
M. von Hefner Alteneck’s objection, Mr. West 
suggested the introduction of the American 
system of ‘‘ caveat,’’ to give the inventor time 
to develop his invention. 

He further approved of the system of placing 
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an application ‘‘in interference’’ with an 
existing patent for a similar invention, as this 
tended to diminish the necessity for large firms 
to have their own patent staff looking out: for 
applications that might interfere with their 
rights. 

Lastly, he suggested that no patent or 
publication more than 15 years old at the 
time of application should be available for 
proving want of novelty, as he considered that 
an invention which has failed to find favour for 
15 years should not stand in the way of an 
inventor who may have hit upon an old idea 
which has become practicable through the 
general progress since it was abandoned. 
It may be added that the present practice in 
Germany is to preclude publications more than 
100 years old from being used as anticipations. 

On the other hand, Mr. Stort considered the 
existing patent system of Germany as 
inherently faulty, pointing out that none of the 
most important inventions had been successful 
in passing the ordeal, e.g., in electrical engi- 
neering, no general patents had been granted 
for telephones, glow lamps, arc lamps, differen- 
tial regulations of arc lamps, core carbons and 
wireless telegraphy; and that the master 
patent for three-phrase currents had been 
declared void on account of not being worked. 

He, therefore, supported M. von Hefner 
Alteneck’s proposal, with the modification that- 
anybody might ask the Patent Office to 
examine strictly a registered patent. He felt 
sure that by the system of merely registering 
patents in the first instance the work of the 
Patent Office would be greatly reduced, and, 
therefore, much improved. 

The Chairman of the German Society for the 
Legal Protection of Industrial Property also 
spoke in the dicussion and invited the Elektr. 
Techn. Verein to take part in a Congress of 
his society at Frankfurt, where the subject 
would be further discussed, intimating that 
their proposal would include the recommenda- 
tion to divide the examination, so that an 
application should at once be tested for novelty 
and only later on for utility and ingenuity. 

The proposals of M. von Hefner Alteneck 
were laid before the Frankfurt Congress by the 
delegation of the Elektr. Techn. Verein with 
the additional recommendation that the rule of 
the German Patent-law, limiting the right of 
the public to demand the revocation ofa patent 
to five years from the date of the grant, should 
be abolished. 

In the report* at the Kiel meeting of the 
o " E.T.Z., 2.8.00. 
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Verband Deutscher Elektrotechniker, on the 
18th June, 1900, it was stated that these 
proposals had not been accepted by the 
Frankfurt Congress, and in the discussion the 
fact was mentioned that at the end of five years 
three-quarters of the number of patents granted 
in Germany are void or have been dropped. 
As a result another Committee was appointed 
to report on the advisability of advocating the 
establishment of registered patents in the sense 
explained in M. von Hefner Alteneck’s paper. 
All these proceedings clearly demonstrate 
that the strict preliminary examination does 
not fulfil its object; nor is this to be wondered 
at, for no staff of examiners can possess the 
latest information in every branch of invention ; 
moreover, such an enquiry is really an attempt 
at proving a negative. In addition, the 
improved means of communication place all 
civilised countries on such a footing of equality, 
that each phrase of development in technical 
matters is known and studied in many countries 
atthesametime. Hence it frequently happens 
that patents are applied for in several countries 
for similar inventions about the same time 
by different inventors. To minimise the diff- 
culty arising therefrom a Union for the Pro- 
tection of Industrial Property was founded 
in Paris in 1883* between the Govern- 
ments of a number of countries, which Great 
Britain joined in 1884, as foreshadowed in 
Section 103 of the Patent Act (1883),t and the 
International Convention for the Protection of 
Industrial Property lays down the principles on 
which inventors are to be treated in the States 
belonging to the Union. 

The most important articles of this Con- 
vention} are :— | 


“« Art. IV. Any person who has duly applied for a 
patent, industrial design or model, or trade mark in 
one of the contracting States shall enjoy, as regards 
registration in the other States, and reserving the 
rights of third parties, a right of priority during the 
periods hereinafter stated. 

‘*Consequently, subsequent registration in any of 
the other States of the Union before expiry of these 
periods shall not be invalidated through any acts 
accomplished in the interval, either, for instance, by 
another registration, by publication of the invention, 
or by the working of it by a third party, by the sale 
of copies of the design or model, or by use of the 
trade mark. 

“The above-mentioned terms of priority shall be 
six months for patents, and three months for industrial 
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designs and models, and trade marks. A month 
longer is allowed for countries beyond sea.” 

« Art. V. The introduction by the patentee into 
the country where the patent has been granted of 
objects manufactured in any of the States of the 
Union shall not entail forfeiture. Nevertheless, the 
patentee shall remain bound to work his patent in 
conformity with the laws of the country into which 
he introduces the patented objects.” 

“ Art. XII. Each of the high contracting parties 
agrees to establish a special Government department 
for industrial property, and a central office for com- 
munication to the public of patents, industrial designs 
or models, and trade marks.’’ 


Since this paper was first drafted the report 
of the Committee has been published which 
was appointed on the 24th May, 1900, by the 
Board of Trade to enquire— | 

1. Whether any additional powers should 
be given to the Patent-office to prevent the 
issue of patents for inventions either obviously 
old or previously protected by Letters Patent 
in this country. 

2. Whether any amendments are necessary 
respecting the granting of compulsory licenses 
(Section 22 of the Patents Act, 1883). 

3. Whether the period of seven months 


‘allowed by Section 103 of the Patents Act, 


1883, may properly be extended. 

This last period refers really to the Inter- 
national Convention, and the Committee 
recommends the extension of the time to 
twelve months, subject to certain conditions, 
which do not concern this paper. 

The subject of ‘‘ strict preliminary examina- 
tion” was very fully treated in the Presidential 
Address of Mr. J. D. Abel which he delivered 
to the Chartered Institute of Patent Agents on 
the 15th December, 1897. 

Among other objections he more particularly 
proved by the actual outcome of patent law- 
suits in the various countries, that examined 
patents are by no means more secure against 
being declared invalid on litigation, than 
registered patents. 

All this evidence clearly shows that a strict 
preliminary examination is not the final 
solution of the problem, and the dissatisfaction 
which exists at the same time regarding the 
mere registration of patents leads to the con- 
viction that the modern efforts at legislation in 
patent matters must be based on faulty 
principles. 

From the short historical summary given 
above it would appear that under both systems 
reformers and legislators have endeavoured to 
secure for the inventor a valuable monopoly as 
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a reward for his ingenuity, and håve lost sight of 
the considerations for which origmally monopo- 
lies were to be allowed, in accordance with the 
wording of the Statute of Monopolies which 
permits ‘‘grants of privilege... . of fhe 
sole working or making of any manner of 
new manufactures ... . . which others 
at the time... shall not use 

a ee .’ In other words, the privi- 
lege may be granted to inventors who ‘‘ work ”’ 
and ‘‘ make,” and it is made invalid only by 
prior ‘‘user.’’ This view has been the keynote 
underlying the interpretation of the English 
law by the Judges, who have held that the 
merit, which is rewarded by a monopoly, lies 
not in the invention of a new manufacture, but 
in the introduction of such a new manufacture 
to the public, so that the public derive a benefit 
from it. 

In addition to the quotations given above, 
the words of Bacon may be cited in further 
support of this view, who says: * ‘‘ All pre- 
rogatives must be for the advantage and good 
of the people, otherwise they ought not to be 
allowed by law.’’ Rewarding the inventor is, 
in short, a means to attain this end, but it 
should not be the ultimate object of the law. 
Mr. Abel expresses the same idea ina different 
way by the following words :— 

“ The patent should be granted to him (the inven- 
tor), first, as an incentive to him to use his best 
endeavours to practically carry out his invention, and 
to get it taken up by the industrial world; and 
secondly, as a reward, not for his ingenuity, but for 
having produced something that will advance manu- 
factures or otherwise benefit the community.” 

A reformed Patent-law should, therefore, 
have for its principal object the introduction of 
new inventions to the general use of the public, 
and while the interest of the inventor should not 
be entirely neglected, it should be subordinate 
to the ‘‘advantage and good ofthe people.’’ To 
carry out this object, information about new in- 
ventions should be made readily accessible to 
the public, and every facility should be given 
to persons desiring to utilise an invention to 
obtain licenses from the patentee, and to over- 
come vexatious obstruction of any kind. Asa 
matter of fact, a good deal has already been 
done to make information about novelties easily 
accessible to the public. 

In accordance with Article XII. of the 
International Convention, the Governments 
belonging to the Union are exchanging their 
published patents, and exhibit them in their 
Patent-offices. Moreover, of late years, care- 
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ful indexes have been drawn up at the Patent 
offices, divided into classes, according to the 
subject-matter of patents, and abstracts of the 
patents are published, greatly facilitating 
research. 

In addition to these official steps, an 
International Society has been founded for 
the Protection of Industrial Property, with a 
central office in Berne and an official organ, 
“ La- Propriété Industrielle.” The aims and 
the work of this society were explained to the 
members of the Society of Arts, by Mr. J. 
F. Iselin, im a paper read on the 18th 
February, 1898. 

Last, but not least, the technical press de- 
scribes every novelty at the earliest possible 
moment, so that there is ample material for 
the searcher after novelties, in the ‘‘ patent ” 
sense. All the same, great improvements can 
still be effected by collecting all these sources 
of information at the Patent-office, and index- 
ing the contents, in a systematic way, accord- 
ing to their subject-matter. A manufacturer 
could then send, from time to time, to this 
office and ascertain what the latest discoveries 
in his particular branch were, and where he 
could communicate with the patentee, if a 
novelty is announced that appears useful to 
him. It is quite clear that for this part of the 
subject the provisions of Section 101 of the 
Patents Act, 1883, are sufficient, and that the 
actual steps already taken indicate that the 
demand for quick and complete information 
about useful novelties has made itself felt, and 
has been acknowledged to be a just one. 

In reporting on the first point submitted to 
them, the Board of Trade Committee recom- 
mends that the staff of the Patent-office be 
considerably increased so as to be capable of 
examining every application whether it had 
been anticipated by any claims or descriptions 
in specifications of Letters Patent granted not 
more than fifty years before the date of the 
application under examination. If any such 
specifications are found, the inventor has to 
amend his specification, or a list is appended 
to it of prior patents which in the opinion of 
the examiner anticipate the claims. This recom- 
mendation agrees to a certain extent with the 
viewexpressed above, but the suggestion of Col. 
Harding, supported by Mr. Spring-Rice, would 
exactly carry out the idea of making the Patent- 
office really useful for imparting information. 
This is practically that an inventor should 
not have the right of requiring the officials to 
make a search for him, but they should assist 
him, as they are in the habit of doing now, by 
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pointing out to him how and where he can find 
information about the particular branch of 
industry to which his invention refers. A 
search among complete specifications only, as 
contemplated by the Minute of the Board of 
Trade appointing the Committee, is not satis- 
factory, as a negative result would tend to 
mislead the public and the inventor by in- 
spiring a sense of security as to the validity 
of the patent; and the experience of other 
countries has abundantly shown that even the 
strictest preliminary examination fails to make 
a patent secure. 

Instead of making a search, after the 
application for a patent has been drawn up, 
an inventor should be induced to study what 
has been done before at the time when he 
first thinks of a new device, and every 
assistance should be given him to make him- 
self thoroughly acquainted with his subject. 
In most cases he is sure to find anticipations, 
which will modify his views, shorten the ex- 
periments necessary for developing his ideas, 
or possibly induce him to abandon his intention 
of filing an application. Making information 
accessible to the public would therefore con- 
tribute to the desirable result of lessening the 
number of invalid patents. 

To a certain extent the other requirements, 
to give facilities for obtaining licenses and for 
overcoming obstruction, are not neglected in 
the existing procedure, but they have not the 
consideration they deserve, nor is sufficient 
stress laid on introducing a new manufacture 
as distinguished from inventing the same. 

Some alterations of the law would have 
to be effected to give these considerations their 
due weight, and the following suggestions will 
explain what changes might be introduccd. 
The procedure for obtaining patents would re- 
main exactly as it is now according to the 
English law, so that both the public and the 
patentee fully understand that the validity of a 
patent is not established by the mere fact of 
its having been granted. In this way the in- 
ventor would be saved the immense worry and 
expense inseparable from a strict examination, 
while the preliminary examination would secure 
a moderate restriction in the number of ap- 
plications as it does at present. 

For the purpose of further diminishing the 
number of patents and of preventing patentees 
delaying the introduction of the patented 
manufacture, it should not be possible to keep 
up a patent for more than four years, unless it 
can be shewn to the satisfaction of the 
examiner that the invention, as set out in the 


claims, has been worked for more than one 
year on a commercial scale before the fifth 
year's tax becomes payable Such a rule would 
be beneficial in many ways, and among other 
things, give effect to the opinion expressed by 
Chief Baron Pollock* ‘*. . . . ...a 
patent, the object of which is not to benefit the 
world by its communication, but to obstruct by 
the very general character of its claims, made 
for conferring peculiar priviliges on the 
patentee ; such a patent as that, in my judg- 
ment, cannot be supported.” If several 
methods of carrying out the same manufacture 
are described in one patent, the satisfactory 
working of one modification should be sufficient 
to keep up the whole patent ; for it would not 
be fair to the inventor, either to expect him to 
work all possible modifications of his invention 
on a commercial scale, or to allow the public 
the free use of the modifications described in 
the specification, but not worked by the inventor 
or his licensees. 

The examiner should, however, be careful to 
distinguish between the cases referred to by 
Chief Baron Pollock in which the claims are 
too wide, and the cases in which various means 
are set forth for obtaining the same result. 
The procedure would be similar to that of the 
examination when the patent is first applied 
for, the examiner reporting to the Comptroller, 
from whom an appeal would be allowed to the 
law officer, whose decision would be final. 

With the object of facilitating the intro- 
duction of new manufactures, the system of 
compulsory licenses should be extended so 
that anybody who is prepared to carry out an 
invention or adopt a novel device, but has been 
refused a license by the patentee, should be 
able to obtain one from the Patent-office. 

This is the second point on which the Com- 
mittee reports, and they are of opiniont that 
‘‘the machinery as to the actual grant of the 
license is needlessly complicated.’ 

They therefore recommendt{ that the juris- 
diction be transferred to the High Court, 
“ subject to the same rights of appeal and to 
the same regulation as to general orders as 
are in force in respect of its existing business, 
except that no appeal to the House of Lords 
shall be brought without the leave of the Court 
of Appeal or of the House of Lords.’’ 

Further, ‘‘that the respondents in any pro- 
ceedings under this jurisdiction shall include 
(1) the patentee and (2) any person claiming 
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an interest in the patent as exclusive licensee 
or otherwise. In addition, the Attorney- 
General in England or Ireland, or the Lord 
Advocate in Scotland, or any person author- 
ised by them respectively, shall have the right 
of appearing.’’ 

The leading article of Zhe Times of the 18th 
March last observes on this proposal to transfer 
the granting of compulsory licenses from the 
Board of Trade to the High Court:—‘‘Is the 
procedure there all that parties interested could 
desire? For a wealthy patentee or a wealthy 
infringer it is; for anybody else it is not.” 

As the law at present stands an interested 
person has to prove to the Board of Trade (1) 
‘that by reason of the default of a patentee to 
grant licences on reasonable terms, (a) the 
patent is not being worked in the United 
Kingdom, or (4) the reasonable requirements 
of the public with respect to the invention can- 
not be supplied, or (c) any person is prevented 
from working or using to the best advantage an 
invention of which he is possessed.’’ The 
Board of Trade may then order the patentee 
to grant a license. 

It will be noticed that the alternatives 2 and 
6, which have to be proved by the interested 
persons, are really incapable of being proved, 
and even the third reason is extremely difficult 
to establish, and in case the patentee lives 
abroad the Board of Trade cannot grant a 
license at all. 

Altogether the Section as it stands and also 
the recommendation of the Committee are 
drawn to protect the interest of the inventor 
and of the patentee respectively, which, as 
explained above, appears to be the wrong 
principle to follow. 

If, however, the patent legislation is to carry 
out the original object for which it was estab- 
lished, viz., to facilitate the introduction of new 
maufactures, the procedure for obtaining 
compulsory licences should be made simple and 
expeditious. 

It should be sufficient for the applicant for 
a compulsory license to show to the satis- 
faction of the Comptroller :—(a) That he 
is prepared to carry out the invention 
on a commercial scale; (è) that the 
patentee has refused him a license on 
reasonable terms, or has taken no notice of his 
request. On receiving such an application the 
Comptroller would send an official enquiry to 
patentee at his registered address, asking 
for an explanation within a reasonable time, 
say a fortnight, if the registered address be in 
the United Kingdom. 


If the patentee does not answer within the 
prescribed time, or still persists in refusing a 
license on reasonable terms to the particular 
applicant, the Comptroller would be empowered 
to grant the license asked for, on such con- 
ditions as he may deem just, sending a copy 
of the license to the patentee. 

As all licenses have to be filed at the Patent- 
office, the Comptroller would in most cases be 
able to ascertain for his guidance in settling the 
compulsory licenses on what terms licenses to 
use the patent in question have been granted to 
other parties by the patentee, and in other 
cases a royalty of 5 per cent. on the selling 
price, or of 10 per cent. on the saving effected 
by the adoption of the invention might be con- 
sidered to be fair and reasonable. 

All royalties under compulsory licenses should 
be paid into the Patent-office in the same way 
as the fees are now paid, and the Patent-office 
would hand them over to the patentee, less a sum 
equal to 10 per cent. of the gross receipts to 
cover expenses, if applied for within 10 years 
of the date of payment to the Patent-office. 
After that time unclaimed royalties would 
become the property of the Patent-office. 

The essence of this suggestion is that the 
applicant must prove his ability and his willing- 
ness to work or make the invention on a com- 
mercial scale, and this should entitle him to a 
license on the most favoured nation clause, 
whether the patentee consents or not. 

It is not to be anticipated that many com- 
pulsory licenses would have to be granted 
under such provisions, as inventors would 
soon realise that it was more to their interest 
to grant licenses on reasonable terms when 
asked for by dond-fide manufacturers, than to 
refuse them. 

A further rule should be established that any 
licensee who has been using a patented inven- 
tion on a commercial scale, for more than one 
year, should have the right to bring a suit 
for infringement, as long as he himself con-. 
tinues to work his license. 

If the patentee does not carry out the inven- 
tion himself on a commercial scale, he should 
not be entitled to prosecute for infringement, 
unless the invention has not yet been worked 
by any of his licensees, or unless one of his 
licensees, who is carrying on the manufacture 
on a commercial scale, is made a party to the 
suit. In no case should an action for infringe- 
ment be allowed to proceed, where the defen- 
dant can prove that the plaintiff knew of the: 
infringement for six months before he com- 
menced the action. 
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These rules are to prevent men of straw or 
speculators, who buy up patents, from black- 
mailing the public, and to enable licensees to 
protect their interests in cases where theycannot 
induce the patentee to prosecute third parties 
for infringement. 

On the other hand, it should not be possible 
to invalidate a patent which has been worked 
for more than two years on a commercial scale 
by the patentee or his licensees, except by 
proving that the invention was in use on a 
commercial scale for a reasonable time before 
the first application for the patent was made. 
It is a matter for discussion whether such prior 
user ought to have taken place in the country 
where the patent in question has been granted, 
or in any country belonging to the International 
Union. Inthe latter case the inventor would 
have the advantage of the earliest date of 
application in any one of the countries. 

What is a ‘‘reasonable time’’ depends so 
much on the nature of the invention that it 
seems preferable to leave its determination 
entirely to the Court before whom each indi- 
vidual case is tried, and not to attempt to 
define precisely for what length of time a 
process should have been worked to become a 
valid anticipation. 

The effect of this provision would be to make 
a patent almost indefeasible during the 
remainder of its term after the invention 
has been worked or made on a commercial 
scale for two years. Until that time the patent 
would fall under the provisions of the present 
law. It stands to reason that each patentee 
would use his best efforts to obtain the 
powerful protection of this provision for his 
invention; and this would place him in a posi- 
tion to make extortionate demands for the use 
of his invention were it not for the system of 
easily obtained compulsory licenses. 

It is very essential that ‘‘use on a com- 

‘mercial scale’’ be proved to avoid the failure 
that has invariably attended the ‘ working ’’ 
clauses of some Patent-laws, where it is suffi- 


‘cient to manufacture once every year or once in. 


every two years in the presence of a public 
notary. 

As alluded to in the discussion of 
M. von Hefner Alteneck’s paper, most of 
the large firms have a special department for 
watching the progress of their particular 
branch of industry and for investigating all 
the complaints about technical deficiences, 
which the customers of the firm may make 
from time to time. 

If necessary, this department conducts a 


series of experiments on the lines indicated by 
the wishes of customers, and the usual practice 
is to patent all modifications that may suggest 
themselves to the trained staff working in the 
department. 

It is also undeniable that the introduction of 
a modification depends only on its commercial 
value, so that it may easily happen that a firm, 
after taking out a patent for a modification, 
does not find it advantageous to adopt the 
same for its own use, or some unexpccted 
difficulties present themselves, which, for the 
time, make the modification impracticable. 
Under modern conditions it is quite possible 
that another firm might discover the same 
modification, or a very similar one, and succeed 
in overcoming the difficulties which deterred 
the first firm from proceeding with the modifi- 
cation. 

In such cases, the second patent should not 
be invalidated by the publication of the first 
patent, unless the first patent was valid when 
the second patent was applied for, or unless it 
can be proved that the second inventor was 
acquainted with the first patent before he 
applied for a patent himself. A similar rule 
should apply to other publications, so that they 
should not be available as proof of anticipation, 
when they are more than fifteen years old at 
the time the patent is applied for. 

By the adoption of these rules actions for in- 
fringement would be considerably simplified 
both for the plaintiff and for the defendant, as 
it would not be necessary as at present to 
search far back for publications, which might 
be interpreted as being anticipations; but the 
commercial use of the invention would have to 
be proved, which is more a questiou of fact 
than one of opinion. The questions of ingenuity 
or of usefulness would not be raised at all in 
such a suit, so that the difficulty of exactly 
defining what really constitutes an invention 
would be altogether eliminated. This view is 
endorsed by Mr. Abel, who in discussing what 
is a patentable invention, says, ‘‘ that it is the 
result that one should look to before all else, 
and that an advantageous result should be 
held to infer an exercise of ingenuity worthy of 
being rewarded by a patent.” 

An ideal state of affairs would be reached if 
the Patent-laws of all civilised countries were 
made identical, on the lines sketched out in 
this paper, so that a patent taken out in one 
country could be registered, at the option of 
the inventor, in all the others, without any 
further examination of any kind, and in the 
case of litigation the commercial use in one 
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country would be recognised by all the Courts. 

In considering these suggestions the follow- 
ing points should not be lost sight of :— 

1. Patents, taken out under the present 
English law, have as often been upheld in 
Courts of Law as patents granted after a strict 
examination in other countries. 

2. Inventions are not so much matters of 
sudden inspiration as the result of patient 
investigation of what has been done before in 
the same subject, and of careful experimenting 
based on a sound knowledge of natural laws, 
combined with a common sense imagination. 

3. Improvements very rarely imply radical 
alterations in existing methods or apparatus ; 
they generally proceed by small steps, most of 
which are soon superseded. 

4. The real value of an invention can only be 
ascertained by its practical commercial applica- 
tion ; and it is for this that the Crown originally 
exercised the prerogative of granting monopo- 
lies by Letters Patent. 


DISCUSSION. 


Mr. JOHN IMRAY said that one point connected 
with the preliminary examination for the granting 
of patents had never been put properly before the 
public, viz., the abuse of the system as practised by 
the examiners in Germany, the United States, and 
othercountries. If the examinations were confined to 
a simple question of novelty no great harm might be 
done and good might result, but, unfortunately, nine- 
tenths of the objections were not of that character. 
Not a week passed but twelve or twenty such 
objections came before him from America, Germany, 
Sweden, Norway, Denmark, and Austria. In all these 
countries the examiners, instead of confining them- 
selves to questions of novelty or anticipation, looked 
almost entirely to the question of invention to settle 
in their own minds whether the subject involved 
invention or not. In his mind, a judgment as to an 
invention was the same thing as a judgment on the 
flavour of a wine or anything else. Perhaps the 
greatest abuse of all was that the examiners, when 
they could not find any direct anticipation, searched 
through possibly a dozen patents, taking out one 
feature from one and another from another, and saying 
that the invention was not a combination, but a mere 
aggregation of all the things, and on that ground 
refused it. Although there might be many old things, 
the man that put them together in such a way as to 
make them useful was certainly entitled to be con- 
sidered an inventor. Another serious difficulty was 
that out of all the prior specifications which were 
quoted as anticipations, more than three-fourths were 
utterly useless, and had never been worked. Many 
patents were refused on the ground of prior specifica- 
tions, which described utterly useless things. He had 


several such instances before him at the present 
moment. If aset of examiners could be obtained 
who were free from the inclination to form their own 
judgment as to questions of invention or non-inven- 
tion, free from the tendency to pile together things 
picked out from different sources, and free also 
to judge of the merit of the prior anticipations 
brought forward, some such sort of examination would 
be of great use not only to inventors, but to the 
public at large, but until a scheme could be formed 
by which examiners could be prevented from Jaunch- 
ing out into devious paths examination was of no use. 


Mr. LLoyD WISE said Mr. Siemens had referred 
to his (Mr. Wise’s) scheme for preliminary examina- 
tion of applications for patents. He first men- 
tioned that scheme 30 years ago to that most 
distinguished patent lawyer, the father of the 
Chairman, by whom he was invited to co-operate in 
promoting changes in the Patent-law, the result being 
seen in the Select Committee’s Reports of 1871-2 
and in the Act of 1883. If he did not misunderstand 
the recommendations of the Departmental Committee, 
that committee approved of his scheme. He had 
discussed it with many men who were qualified to 
form an opinion, and where the scheme had been 
objected to, he had generally found that the objections 
had arisen from some misapprehension. Mr. Imray 
had pointed out the difficulties which arose under 
examination systems, owing to the examiners citing 
things which were practically unworkable. No 
objection could arise under that head in the proposed 
scheme, because the examiner would not have the 
power of refusing the patent, and if the applicant, 
after considering what was cited, thought fit 
to ignore it, the worst that could happen would 
be an endorsement on the specification. He was 
afraid the reader of the paper viewed the 
question of Patent-law reform from a manufacturer’s 
point of view. A man of small means who went 
with a patent specification in his hands, bearing an 
official endorsement, as distinguished from an embodi- 
ment in the specification itself of a statement in his 
own language of the state of the art, to a capitalist or a 
manufacturer would have a very poor chance of coming 
to satisfactory terms. An official endorsement would be 
liable to be regarded as a blot. What did Mr. Siemens 
do when he took out a patent under the advice of 
Messrs. Abel and Imray? He, in his specification 
stated generally, according to his knowledge at the 
time, what had been proposed more or less in the 
same direction, aud then he set forth wherein what he 
sought to claim differed from what had been proposed. 
Even when that was done, occasionally he found that 
there was something more previously known which 
involved a further disclaiming statement in order to 
to obtain a clear patent. That was exactly the 
practice he suggested—that a man, having applied 
for a patent more or less in the dark, should 
be informed by the Patent-office of anything 
that was found, and should then be allowed 


April 26, 1901.] 


to put his specification into shape so as not 
to cover too much; if he were unwilling to do 
that then he should suffer an endorsement. That 
scheme was very favourably spoken of by the late 
Sir William Siemens, and had lately been recom- 
mended to the Departmental Committee by many 
very eminent men. He took very strong exception 
to the suggestion that a patent should not be renew- 
able unless it had been practically worked during the 
first four years. Many excellent and useful inventions 
were brought out by men which it was not in their 
power to introduce commercially. 


Mr. P. M. JUSTICE thought the reader of the paper 
had not considered the entire effect of his proposition 
in regard to the compulsory working clause. Did he 
suggest that he was willing that every one of his 
many inventions, as specified in each particular 
specification at the present time, which was not in 
full work, might be cancelled ? There was always 
a series of steps in building up a new industry, but 
Mr. Siemens went outside those steps, and suggested 
that each thing must be worked wkich was patented. 
The orginal Edison telephone was a huge instru- 
ment which one had to grind like a coffee mill 
when speaking and listening. Did Mr. Siemens 
suggest that the patent was not valid, on the 
ground that the particular instrument was not in 
use after the improvement came into force? A 
large German aniline dye factory employed over 
30 chemists, who did nothing toward practical manu- 
facture, and he had been informed that out of over 100 
products made in the works there was not more than 
two products in which the process by which they were 
produced was more than three years’ old, every process 
having been improved. Were all the early patents 
to be annulled, on the ground that they were not 
commercially worked? If it were so the field of 
invention would be thrown open so that no capitalist 
would be prepared to risk his money in any enterprise 
under patents. 


Mr. EDWARD CARPMAEL agreed with Mr. Siemens 
that the object of Patent-law was to encourage the 
Starting of new industries in the country, but he en- 
tirely disagreed with him in thinking that the means 
he proposed would succeed in attaining that end. He 
thought the advocates of compulsory working laboured 
under two delusions. First, they appeared to think 
that everybody in the trade was most anxious to take 
up and work untried inventions, and that it was the 
patentee who was the dog-in-the-manger, who would 
not work himself or allow other people to do so; 
and, secondly, that an unpatented invention was more 
likely to be worked than a patented one. In his experi- 
ence, extending over more than 30 years, he had always 
found that patentees and inventors were most anxious 
and willing to carry out their inventions, that being 
the only way in which they could make money out of 
them. In 99 cases out of 100 the reason why a 
‘valuable mvention was not carried out was not the 
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unwillingness of the inventor, but the obstinacy and 
resistance of the trade. A very striking illustration 
of the fact that manufacturers were not very 
willing to take up untried inventions was that for 
12 years after the passing of the Act of 1883 not 
a single application was made for a compulsory 
license. He was quite aware that at present, owing 
to the regulations of the Board of Trade, there were 
great difficulties and expenses involved in obtaining 
a compulsory license; but when the Act was passed 
no one could have foreseen this; on paper nothing 
could be more simple and inexpensive. Even up to 
the present time he believed he was right in saying 
that no dJond-fide application had been made for a 
compulsory license under a patent which had not been 
worked. In all cases the patent had been worked to 
a very large extent, and it was because it was profit- 
able that the compulsory license was wanted. He 
thought a few examples would show the difficulties 
meritorious inventors experienced in getting their 
patents taken up. Messrs. Thomas and Gilchrist 
had to assign one-third of their patent ‘and 
grant a free license before a manufacturer could 
be found to undertake their process, and although 
that was done immediately the patent was granted it 
was not commercially worked till more than three 
years had elapsed from the date of the patent. In the 
case of Watt’s steam engine and Lister’s (Lord 
Masham) inventions of wool and silk combing and 
velvet weaving fortunes had to be spent and years 
wasted before the inventions were commercially 
adopted. In more recent times, it was eight years 
after the date of the patent before Hopkinson’s three- 
wire system was adopted at all, and years before 
Parsons’s turbine was used commercially. Did 
Mr. Siemens seriously contend that all those in- 
ventors should be deprived of the profits of their 
inventions, or did he contend that England would 
have been benefited if these industries had been 
stifled at their birth? Were either Siemens’s re- 
generative furnace or the Siemens-Martin process 
for the production of steel, worked within three years 
of the date of the patents ? If they were, it was only 
because they belonged to a rich and powerful com- 
pany, and not to a poor inventor. In his opinion, 
Mr. Siemens’s proposition, so far from encouraging 
the introduction of new manufactures, would have an 
entirely opposite effect, in many cases stifling them 
altogether. 


Mr. JOHN I. THORNYCROFT, F.R.S., thought there 
was more difficulty in getting an invention worked 
than was generally supposed. If compulsory working 
within a limited time was necessary he thought Mr. 
Siemens should extend the time he had mentioned. 
Legislation, so far as it had been altered in recent 
years, had been improved, but the main intention of 
patents by the Crown, that they should be a benefit to 
the community at large, must be kept in view. A 
preliminary examination, which would help the 
inventor by giving him detailed information of 
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what had been done before, would be of great benefit, 
and the suggestion that patents should be limited to 
those of a more valuable character was also worthy of 
consideration. 


Mr. GEORGE B. ELLIS said that in America 
and Germany persons practising in the Patent- 
office were under control, an entirely different 
state of affairs to those existing in England, where 
there was absolutely no control, which led to a 
great deal of cheating. If a test was to be imposed 
on the novelty of the invention, at the same time the 
various people practising in the Patent-office should 
be controlled. 


Prof. AYRTON, F.R.S., said the reader of the paper, 
in his proposed improvements, had suggested that un- 
less a patent had been worked on a commercial scale 
before the end of the fourth year it should be void. No 
doubt such a recommendation would be of value 
if patentees were obstructionists. In his opinion 
there was a class of patents which were not utilised 
because the world was not ready to take advantage of 
them. 
case a patentee was quite willing to enter into any 
arrangement to enable his patent to be utilised 
he should lose it. It was even harder still 
that he should be called upon to pay, year after 
year, an increasing sum to maintain a patent which 
returned him absolutely nothing. In such a case it 
was worth while considering whether a steadily in- 
creasing fee was desirable. He had not been able to 
discover the advantage of the regulation which said, 
‘‘The acceptance of the complete specification is 
advertised, and any person may give notice of oppo- 
sition, within two months, to the grant of the patent 
on certain very limited grounds.” What was the 
advantage of objecting to anybody’s patent? He 
was told that the granting of the patent gave no 
particular advantage, and by objecting one was 
placed at a disadvantage because one had 
to bear the expenses. No advantage was gained if 
one won, and the granting of a patent could not be 
objected to unless the objector was in possession of 
a prior patent for the same thing. In his opinion, 
the American system of interference was a very dis- 
advantageous arrangement. Ifa patent was taken 
out, the patentee was called upon to defend it, not 
because he was claiming any royalty, but simply 
because, unless he did so, as somebody else had 
lodged an interference, he would lose it altogether. 
He was thoroughly in accord with Mr. Imray, that 
the examination of patents in Germany and the 
States was very unsatisfactory and of comparatively 
little use. Not very long ago an objection was raised 
to a patent of his own for a transparent varnish 
which, unlike ordinary transparent varnishes, was 
conductive, on the ground that he had not given a 
drawing. He pointed out to the American Patent- 
office that it was impossible to draw a varnish, but 
they said that they must have a diagram. Eventually 
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he drew three vertical lines, which he said repre- 
sented a coating of varnish on a plate of glass, and 
got his patent. 


Mr. FLETCHER MOULTON, K.C., M.P., said he 
wished to deal with Mr. Siemens’s views on the rights 
of a patentee versus the manufacturer. Mr. Siemens, in 
his plan for the protection of inventors, said that 
anybody who was willing to make an invention 
should have a right at once, after the courtesy 
of writing to tbe inventor, of applying to the 
Patent-office for a license to make it as much as he 
like for, say, 10 per cent. of the saving—nay, on the 
most favoured nation clause, if he was only willing 
to manufacture it. A man gave his time, thought, 
and brains to make a saving for the world, 
and the manufacturer, who did not spend a 
penny, stood by watching with grim satisfaction 
the 99 failures out of 100 inventions, but when 
one did emerge successfully, he said, ‘‘ Thank you; 
I will take 9-10ths of the saving, and you may have 
as your reward 1-1oth.”? But it was worse than that. 
The patent would be invalidated unless it was worked 
promptly. In order to get it worked promptly the 
inventor might have to go to some powerful manu- 
facturers and say that if they would work it he 
would grant them a license on very favourable terms. 
The poor inventor was then lost, because although 
in this way he got his patent worked and saved it 
from extinction, if it proved successful any other 
manufacturer who was willing to undertake to 
manufacture the patent on a commercial scale 
was (on the proposals in Mr. Siemens’s paper) 
entitled to a license on the very same terms that 
the patentee had to make in order to keep 
his patent from dying out. He had been brought 
very much in contact with the real inventor, and 
usually he was by no means a rich man. Their 
ancestors were very wise in saying that if advance in 
arts and science was desired, it was not the capita- 
list who should be favoured, but the man who brought 
invention and thought to work. They further realised 
that it was no use devising a system of rewards which 
would depend on the appreciation which some body 
of men might have of the value of his invention, but 
that the right way was to make the reward auto- 
matic—to say, If you have struck a new thing you 
shall be undisturbed in the working of it for 
a certain number of years, and thus if it is valuable 
you will have rich reward; if it is not you will have a 
poor reward. They realised that the only way 
adequately to reward invention in proportion to its 
merit was the patent monopoly, and he had never yet 
heard anything proposed which could take its place. 
That right ought never to be invaded unless the 
patentee abused the patent rights by refusing either to 
work himself or to allow other people to work. 


The CHAIRMAN, in proposing a vote of thanks 
to Mr. Siemens, said he entirely agreed with Mr. 
Moulton that the only proper reward for invention ’ 
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was to give the inventor a proper enjoyment of his 
own invention, and that any question of compulsory 
license should only arise when it was shown that the 
monopoly had not been wisely and properly exercised. 
He did not think any Patent-law reformers ought 
to work, as far as the British Patent-law was 
concerned, for a guarantee from the Govern- 
ment as to the validity of their patents. Such a 
step was in the wrong direction, whether there was 
examination or no examination. It would tend toa 
number of good and useful patents being stopped from 
mere nervousness. He was strongly of opinion, 
that anything like an examination for subject- 
matter or novelty would be a retrograde step. He 
wished to enter a protest against the idea that an 
anticipation 15 years old should not be allowed to in- 
validate. If 50 or 60 years were given different 
considerations would arise, but the fact that even in 
the term of 14 years good inventions frequently were 
not brought into effective operation showed that 
it would be unwise to limit a real anticipa- 
tion by such a measure of time as I5 years. It 
would be far too much in the interests of people who 
would endeavour to pick up patents, repatent them in 
15 years, and attempt to prevent people engaged in 
commerce using them. In regard to the kind of 
examination which the inventor and the public were 
entitled to have, he thought that when in the Patent- 
office there was a mass of information, carefully 
digested and indexed, it was very hard indeed upon 
inventors if the Patent-office knew that they had been 
travelling along a road which had been already 
traversed not to tell them so, especially when they 
were paying a large revenue to the country, there being 
a surplus at the present time of about £100,000 a 
year from patent fees. He thought the public 
in the same way were entitled to information. He 
thought Mr. Wise hit the right nail on the head when 
he said that no real harm would be done by endorse- 
ment, because it was only when an inventor ob- 
stinately refused to alter his specification that the 
Patent-office exercised any compulsion. A great 
deal had been said in the Press about an endorse- 
ment upon specifications being a great hardship to 
inventors. After considerable experience he could 
say deliberately that in 99 cases out of 100 it was a 
bugbear, and an honest inventor was only too glad 
to have his attention called to possible anticipations. 
In sitting as law officer, some hundreds of bond- 
jide oppositions, by persons having an interest in a 
previous patent had been brought before him, and 
these were met by the applicant abandoning any 
claim to the points described in the previous specifi- 
cations. It was only people who wished to use 
patents in a way they should not be used who raised 
such objections. He joined in the chorus of disappro- 
bation of Mr. Siemens’ suggestion that a patent should 
be invalid ifit was not worked in four years. That was 
introducing in the most aggravated form some of the 
abuses of the foreign system. He thoroughly agreed 
with what Mr. Carpmael had said. He could pro- 
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duce to Mr. Siemens more than one specification of 
his distinguished uncle, who came to England because 
of the protection afforded to invention by the British 
Patent-laws, which was never worked for anything like 
three years from the date when it was taken out. The 
same remark applied to the patents of Lord Kelvin and 
Prof. Hughes, and was the common feature of some of 
the most meritorious inventions; so meritorious that 
they had been extended by the favour of the Crown, 
because they had not been placed before the public 
until the last two or three years of the term. He 
hoped the Report of the Committee upon which 
he served with Mr. Moulton and Mr. Carpmael, 
would be found to embody, at any rate, 
improvements in the Patent-law founded upon 
experience, properly regarding the interests both 
of inventors and patentees, and he hoped the Govern- 
ment would be able to give practical effect to the 
recommendation. 


Mr. SIEMENS, in reply, after acknowledging the vote 
of thanks, said that it was his intention all through to 
speak from the point of view of the manufacturer. On 
looking into the historical portion of the subject it 
was seen that the object of the first granting of 
monopolies was to encourage manufacturers and not 
inventors. Useful inventions had only in most ex- 
ceptional cases been made by outsiders; they 
were usually discovered by people who had studied 
the subject in all its branches and made care- 
ful experiments. He thought that if a patent 
was not commercially taken up it should be 
dropped; only those patents were of value which 
were taken up. Professor Ayrton had said that it 
was a great hardship if an inventor was before 
his time, but he could not see why that should 
prevent people from reaping the beneht who came 
at the right moment. It was quite possible that 
four years was not sufficient for compulsory 
working, and that some modification would have 
to be made by which the examiner had the right 
to grant extension. The general idea he wished 
to bring forward was that the man who worked, 
the manufacturer, was a worthy person who ought 
to be supported, and not the man who went about 
with stray ideas without knowing what he was really 
offering. 


Mr. SIBMENS writes :— 

Owing to the lateness of the hour I could not 
reply very fully to the various points discussed, and 
I should like, therefore, to add the following 
observations :— 

1. Search for Novelty.—There was a general con- 
currence that such a search should be made as com- 
plete as possible; and my contention is, that this 
search should be made at the time, when the invention 
is first thought of, so as to save the inventor the 
time, trouble, and expense of drawing up a useless 
specification. 

I also think that the self-reliance of the inventor 
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should be encouraged by letting him make the search 
bimself, but assisting him by ae indexes and 
all other information. 

2. Compulsory Working, or as I prefer calling it, 
4 introducing an invention on a commercial scale,” 
the turning point of my system, as experience Bes 
amply proved that only such inventions can be intro- 
duced as have real value. The fact of an invention 
not being taken up is in itself sufficient proof of its 
want of merit. On the other hand, if an inventor 
succeeds in introducing his invention, he receives 
under the proposed rules automatically a valid 
monopoly, which under the present systems he can 
only obtain through costly litigation. 

3. Compulsory Licenses are necessary to keep the 
inventor in check, and the proposition was stroygly 
objected to by Mr. Moulton, who declares that the 
inventor is injured thereby. 

Mr. Moulton ignored in his remarks the provision 
that an applicant for a compulsory license must prove 
to the satisfaction of the Comptroller that he has the 
means of carrying out the invention on a commercial 
scale, and the inventor suffers no great hardship in 
case such licenses are granted. 

Another function of the compulsory license is to 
prevent foreign inventors from refusing licenses to 
British manufacturers, and importing the patented 
article into the United Kingdom to the detriment of 
the industries of the country. 


MEETINGS OF THE SOCIETY. 
ORDINARY MEETINGS. 
Wednesday evening, at Eight o’clock :— 

May 1.—‘‘Thames Steamboat Service.” By 
ARNOLD F. HILLS. SIR FREDERICK BRAMWELL, 
Bart., D.C.L., F.R.S., President of the See will 
preside. 


COLONIAL SECTION. 
Tuesday afternoon, at 4.30 o’clock :— 


APRIL 30.—‘‘ The British West Indies.’’ By SIR 
NEVILE LuBBocK, K.C.M.G., Chairman West India 
Committee. GENERAL SIR HENRY WYLIE NORMAN, 
G.C.B., G.C.M.G., will’preside. 

CANTOR LECTURES. 

Monday evening, at 8 o’clock :— 

SIR WILLIAM CHANDLER ROBERTS-AUSTEN, 

K.C.B., F.R.S., and T. KIRKE ROSE, D.Sc., 

“« Alloys.” Lecture 2, April 22. 

HOWARD LECTURES. 

Friday evening, at 8 o’clock:— 

ALFRED C. EBORALL, M.I.E.E., ‘‘ Popia: 

Electric Working.” Lecture 2, May 3. 


MEETINGS FOR THE ENSUING WEEK. 
Afonpay, APRIL 22..SOCIETY OF ARTS, Jobn-street, 
Adelphi, W.C., 8 p.m. (Cantor Lectures.) Sir 
W. C. Roberts-Austen, “‘ Alloys.” (Lecture IT.) 
Farmers’ Club, Salisbury-square Hotel, Fleet- 
street, E.C., 4 pm. Mr. A. E. Mansele, ‘ Sheep 
and Sheep Breeding.” 


Surveyors, 12, Great George-street, S.W., 8 p.m. 
Mr. A. C. Salter, ‘‘ Ownership of the Highways.” 
Geographical, University of London, Burlington- 

gardens, W., 8 p.m. 

Actuaries, Staples-inn Hall, Holborn, s p.m. 

Camera Club, Charing-cross-road, W.C., 8} p.m. 
Rev. F. C. Lambert, “The Fixing Bath.” 

Zoological, 3, Hanover-square, W., 4p.m. Annual 
meeting. 

Tuespay, APRIL 30...SOCIETY OF ARTS, John-strect, 
Adelphi, W.C., 44 p.m. (Colonial Section.) Sir 
Nevile Lubbock, “ The British West Indies.” 

Royal Institution, Albemarle-street, W., 3 p.m. 
Dr. Allan Macfadyen, “Cellular Physiology, 
with Special Reference to the Enzymes and 
Ferments.’’ (Lecture III.) 

Central Chamber of Agriculture (at the House oF 
THE Society OF ARTS), 11 a.m. 

Civil Engineers, 25, Great George-street, S.W., 
8p.m. Annual General Meeting. 

Wepnegspay, May 1...SOCIETY OF ARTS, John-street, 
Adelphi, W.C., 8 p.m. Mr. Arnold F. Hills, 
“ Thames Steamboat Service.” 

Archzxological Assoc., 32, Sackville-street, W, 8p.m. 

Obstetrical, 20, Hanover-square, W., 8 p.m. 

British Astronomical, Sion College, Victoria- 
embankment, E.C., 5 p.m. 

Royal Institution, Albemarle-street, W., 5 p.m. 
Annual Meeting. 

Archzological Institution, Oxford Mansion, Oxford- 
strect, W., 4 p.m. 

Tuurspay, May 2...Royal, Burlington-house, W., 44 p.m. 
Antiquaries, Burlington-house, W., 8} p.m. 
Linnean, Burlington-house, W., 8 p.m. Professor H. 

C. Bastian, “ Studies in Heterogenesi.”’ 

Chemical, Burlington-house, W.,8 p.m. Professor 
W. H. Perkin, jun., and Dr. J. F. Thorpe, ‘“ The 
Synthetical Formation of Bridged-Rings. (Part I.) 
“ Some Derivatives of Bicyclopentane.” 

Society for the Encouragement of Fine Arts, 9, 
Conduit-street, 8 p.m. Mrs. Ernest Hart, “ Stencil 
Painting asan Art.” 

Royal Institution, Albemarle-street, W., 3 p.m. 
Sir Alexander C. Mackenzie, *‘ Arthur Sullivan.” 
(Lecture II.) 

Electrical Engineers, 25, Great George-street, S.W., 
8p.m. 1. Messrs. C. G. Lamb and Miles Walker, 
“ An Instrument for Measuring the Permeability 
of Iron and Steel.’? 2. Mr. Frank Holden, “A 
Watt-Hour Meter.” 

Camera Club, Charing-cross-road, W.C., 8} p.m. 
Dr. T. Anderson, ‘The Grand Canyon.” 

Civil and Mechanical Engineers, Hotel Victoria, 
Northumberland-avenue, S.W., 8 p.m. Mr. A.H. 
Allen, *‘ The Storage of Electricity.” 

Fripay, May 3..SOCIETY OF ARTS, John-street, 
Adelphi, W.C., 8 p.m. (Howard Lectures.) Mr. 
Alfred C. Eborall, ‘‘ Polyphase Electric Working.” 

Royal Institution, Albemarle-street, W., 8 p.m. 
Weekly Meeting. Mr. C. Mercier, “‘ Memory.” 

Geologists’ Association, University College, W.C., 
8 p.m. 

Junior Engineers, Westminster Palace Hotel, S.W., 


8 p.m. Mr. William Powrie, ‘‘ Employers and 
Employed.” 

Philological, University College, W.C.,8p.m. Annual 
Meeting. 

Quekett Microscopical Club, 20, Hanover-square, 
W.C., 8 p.m. 

Satcrpay, May 4...Botanic, Inner Circle, Regent’s-park, 

N.W., 37 p.m. 


Royal Institution, Albemarle-street, W., 3 p.m. 
Mr. J. Y. Buchanan, “Climate: its Causes and 
Effects.” (Lecture III.) 
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All communications for the Society skould be addressed to 
the Secretary, Fohn-street, Adelphi, London, W.C. 


Notices. 


CONVERSAZIONE. 


The Society’s Conversazione will take place 
at the Royal Botanic Gardens, Regent’s-park, 
on Friday evening, June 28th, from 9 to12 p.m. 

Each member is entitled to a card for him- 
self (which will not be transferable), and a 
card fora lady. These cards will be forwarded 
in due course. In addition to this, a limited 
number of tickets will be sold to members of 
the Society, or to persons introduced by a 
member, at the price of 5s. each, if purchased 
before the date of the Conversazione. On that 
day the price will be raised to 7s. 6d. 

These tickets will only be supplied to per- 
sons presenting members’ vouchers (which 
can be obtained from the Secretary) or a letter 
of introduction from a member. 

Members can purchase these additional 
tickets by personal application, or by letter 
addressed to the Secretary. In all cases of 
application by letter a remittance must be 
enclosed. Each ticket will admit one person, 
either lady or gentleman. 

Light refreshments (tea, coffee, ices, claret 
cup, &c.) will be supplied. 


HOWARD LECTURES. 


Mk. ALFRED C. ERORALL, M.I.E.E., de- 
livered the first lecture of his course on ‘‘ Poly- 
phase Electric Working,’’ on Friday evening, 
April 26th. 

The lectures will be published in the Journal? 
during the summer recess. 


ns 


CANTOR LECTURES. 

SIR WILLIAM CHANDLER ROBERTS- 
AUSTEN, K.C.B., F.R.S., delivered the second 
lecture of the course on ‘“‘ Alloys,” on Monday 
evening, April 2gth. 

The lectures will be published in the Yournal 
during the summer recess. | 


INDIAN SECTION. 
Thursday afternoon, April 18, 1901; THE 
RIGHT HoN. SIR MOUNTSTUART ELPHIN- 
STONE GRANT-DUFF, G.C.S.I., F.R.S., in the 


chair. The paper read was ‘‘ Madras the 
Southern Satrapy.”’ By JOHN DAVID REES, 
C.LE. 


The paper and report of the discussion 
will be published in a future number of the 
Fournal, 


COLONIAL SECTION. 


Thursday afternoon, April 30th, 1901 ; GEN. 
SIR HENRY WYLIE NORMAN, G.C.B., 
G.C.M.G., in the chair. The paper read was 
“The British West Indies.” By SIR NEVILE 
Lupsock, K.C.M.G. 

The paper and report of the discussion 
will be published in a future number of the 
Fournal. 


Proceedings of the Society. 
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APPLIED ART SECTION. 


Tuesday afternoon, April 16, 1901 ; CLEMENT 
SCOTT in the chair. | 


The paper read was— 


THE TRUE PRINCIPLES OF STAGE 
SCENERY. 


By PERCY FITZGERALD, M.A., F.S.A. 


I fancy it is assumed by most people—say 
by the general public—that in the setting forth 
things upon the stage we have all but reached 
a sort of perfection and can hardly go further. 
And I must say there are fair grounds for this 
impression: for certainly in taste, display of 
decoration, mechanical] skill, dresses, and ex- 
pense our theatres cannot be surpassed. 

Formerly it was the drama with the display 
of character and emotions that constituted the 
attraction of the stage; now the eye has been 
taken into the partnership, and is as much if not 
more served than its partner. Of course if 
these panoramic and spectacular joys are 
more acceptable to us it isidle protesting. But 
in what I have to say to-day I am merely 
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dealing with legitimate dramatic interest, not 
with those great Show Houses, Opera Theatres, 
and other Temples intended for spectacle dis- 
play. 

And yet with all this luxury here is an 
extraordinary thing. Everybody must have 
noticed how the whole of our scenic system 
seems to be based ona number of primitive 
shifts and devices, mostly of primitive and 
elementary kind—so transparent in character as 
hardly to impose on a child. They are clumsy 
to a degree, and yet we find them mixed up with 
the most elaborate and ambitious displays. All 
this might seem to be the result of a sort of 
amiable convention concluded between mana- 
gers and spectators. He saying: ‘‘ You must 
accept this as a tree or trees, or a rock, though 
not very like either.’’ And they cheerfully and 
good naturedly agree. I have often thought 
that certain of these articles, such as the stage 
rock, which mimicks nature so abominably, 
being a sort of box with painted linen tacked 
on, might be simulated just as well by a chair 
with a label marked “ a rock.” 

What can be the reason of this paradox ? It 
is simply this. While allthe departments of art, 
painting, sculpture, architecture, decoration, 
designing, have their rules, axioms, and prin- 
ciples, deduced in regular form from each other, 
the scenic art has none whatever. All its 
effects are produced by rule of thumb, hand to 
mouth, happy-go-luckv, or whatever the terms 
be. In short, it is utterly unscientific, without 
law or rules. The stage, which professes to be 
the realm of illusion—the beguiler of our eyes— 
is in this respect the coarsest and most prosaic 
of institutions. 

I must confess, however, that the only true 
shred of illusion, or romantic unreality left, 
seems to me the old green curtain of Drury 
Lane. We have, of course, the tableau cur- 
tains, which are drawn or put aside in a rather 
trivial way, like the drawing of bed-curtains. 
There is also the drop-scene, whose folds always 
get crumpled and awry. But commend us to the 
vast and solemn green folds of the old Drury 
Lane curtain, which as we enter lie before us in 
mysterious folds, significant of awful things 
in wait. The very generality of it is enough. 
As Charles Lamb said, it seems the barrier 
between the real and unreal worlds. And 
then, when it descended at the close, floating 
down it shut out the world of romance, as if 
it had been some dream. 

For some two or three hundred years the 
whole scenic system has clung to the primitive 
method of a series of screens—one behind the 
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other, linen stretched on frames — whose 
genesis is evolved out of the Theatre Royal 
Back drawing-room, when the folding-screen of 
the library is made to do duty. We cannot get 
rid of this way of shutting out the prosaic 
world. Of course, there is the built-up system, 
as it is called—a worse abuse—which cumbers 
and crushes out all dramatic movement and 
change of place. 

Here is our old friend the trap-door. A 
square hole is cut in the boards, through which 
a figure is raised, who, when he reaches terra- 
firma, steadies himself with difficulty. Yet this 
is a supernatural visitor, intended to impress 
us with awful feelings. We would not be thus 
impressed in the street when passing a tavern 
by a drayman raising the trap of a cellar with 
his head in front of a public-house. Of course 
there are more modern methods which are 
somewhat of the magic-lantern order; and 


‘the clouds of steam, which only suggest that a 


neighbouring boiler has burst. 

What things do we not see as we sit in the 
stalls and look upwards? There the manager 
lets us into all the secrets of the hocus pocus. 

When we have to deal with the blue em- 
pyrean of the heavens—the welkin—we go to 
work something in this way. A number of 
strips of linen are hung in rows from sticks, 
like clothes on a clothes-line. These are called 
sky-borders, and are cut in a peculiar arched 
pattern. They flutter with every breath. 


‘People in the stalls see the framework be- 


tween them. I know, of course, there have 
been occasionally substituted flat surfaces 
painted over with clouds, but the effect is 
but of a mere ceiling. My friend, Professor 
Herkomer, in his charming performances at 
Bushey, with infinite pains and ingenuity 
devised a sort of concave ceiling which was 
perfect in matter of illusion, but the construction 
would hardly stand the wear and tear of chang- 
ing. It also suggested the idea of enclosure, 
which is fatal to stage effect. 

These sky-borders are always supported at 
their ends by the frames, at the sides, or 
wings, which cross them at right angles; 
hence there is always an incompatibility, 
which no stage ingenuity can get over—the 
thing is irreconcilable. For you will see that 
when the linen of the sky-border encounters this 
obstacle neither can give way, with the result 
that the linen is crumpled up in a sort of bundle. 

Lately, in one of the leading and most im- 
portant theatres, there was a presentment of a 
Baronial hall, most elaborately done, and on 
which vast pains had been expended. There 
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was a framed and richly carved roof, the 
details all conveyed by painting. Yet this roof 
was no more than a number of larger sheets of 
linen hung like the sky-borders. 

Sometimes we have some magnificent view, 
say, of Venice—with its bridges and church 
—a composition of building-up and artistic 
painting. Yet I have noted in one of 
the corners—the corner is always difficult 
to treat—a sort of gap which was filled 
up by a piece of linen made to hang down, 
on which was painted a bit of roof, or a 
window, or anything handy. The bit of linen 
fluttered from the stage draughts, but it was 
quite unmeaning, though it answered its 
purpose, and the crowd accepted it with its 
usual good-natured credulity. 

It would be a large subject, and take more 
time than we have, to deal with the modern 
built-up scenery. It is impossible to see what 
is gained by this, as everything that is por- 
trayed in this constructed form can be equally 
well portrayed bythe agency of painting. No 
dramatic advantage is conveyed by making 
people ascend or descend flights of steps, or 
cross bridges, or enter the porch of a church, 
as all these operations can be described or 
suggested. 

In this place, I am tempted to show, in 
a small way, how little a scientific principle 
governs the arrangements of the stage. As we 
know, it is the fashion now that everyone shall 
enter or exit through a door which he opens and 
shuts, sometimes even with a lock-click. The 
late Mr. Daly used to bring over his doors with 
him, made solid, as real doors, fitted with bolts 
that clicked audibly. This was in the true 
spirit of realism. It may be noted that English 
stage doors always open within, as in daily 
life, whereas the French door open out- 
wardly, for effect, so that the actor may 
secure a dramatic exit, dashing it open. But 
what boots all this—do we get ‘‘any forrader?”’ 
In the stage world all that is wanting is that 
an actor should disappear—should go off the 
scene. Exit in short. The drama really dis- 
claims such formality. In this view, the old 
system of wings was infinitely more appropriate. 
The player simply disappeared from view be- 
tween them. And all the apparatus that we 
are so fond of in modern comedy, with its 
invariably foolish servants, lay figures, merely 
seem superfluous details. It reminds one of 
a late Lord Derby, who, when asked how 
he liked his new footman, said: ‘‘ I never know 
whether it is John or Thomas that opens the 
door.’”’ 


It may seem parodoxical to say so, but it 
would seem that the greatest so-called improve- 
ment of modern days, namely, the brilliant 
lighting of the stage, has actually destroyed 
all scenic illusion. 

Originally there were candles with candle 
snuffers, then oil lamp or floats, then gas (more 
or less bright), and finally the electric light. 
Everything now seems bathed in a rich over- 
powering blaze, scenes and furniture appear to 
be steeped in light. It is as though an enormous 
search light were directed on the stage. The 
effect of this on both scenery and players is 
extraordinary. 

First, on the scenery. Many of us can recall 
the beautiful work of Telbin, Stanfield, and 
Grieve and Danby, and of Mr. Craven in his 
earlier days, who I believe was a pupil of 
Telbin, or at least of his school. Two of 
these artists became Royal Academicians—a 
most significant fact and one which we could 
not even conceive of in those days. Telbin’s 
landscapes and drop scenes were simply lovely 
—regular artistic landscapes only enlarged 
—and were painted in a full round style. The 
trees seemed to stand out, the columns and 
temples were rounded. There was a sugges- 
tion of Turner. I remember Mr. Dickens 
at Gad’s-hill showing me some fine pictures 
of Stanfield, which had been used as scenes 
in the play of ‘‘The Lighthouse’’; and 
these he had cut up into small pictures and 
framed. They were as beautiful and as 
finished as any cabinet work. 

And how did these painters contrive these 
effects? Simply because the light was low and 
did not kill their colours. Now in this fierce 
blaze all half-tones, yellows and other tints dis- 
appear, and the painters have to paint to 
suit the conflagration. There is no room for 
shadows even. Then as to the stage itself, 
all the boards are brought into view, the very 
knots and fibres of the wood, and, above all, 
all the joinings. You will see again and 
again how a flight of stairs or a monumental 
chimney-piece is merely laid against the wall, 
showing us plainly that it had been carried on 
as a piece of furniture. 

How often have we seen at the opening of a 
drama the pastoral view of the vicarage with 
its quict garden, rustic gate, and umbrageous 
trees. The painter has expended immense 
pains on this elaborate set, and it is greeted 
with vast applause. Yet how amazing to find 
all the trees, leaves, grass, bathed in an 
intense furnace-like light. Everything glitters 
and sparkles, the walks seem all aglow. 
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Yet this all seems quite correct, though it is 
like nothing ever seen outside. I would go so 
far as to say that if a mere unsophisticated 
rustic were introduced for the first time into a 
theatre, and were shown this picture, he would 
not know what on earth it meant, except that 
it were ‘‘soomthin’ vary pratty loike.’’ or 
“that summit was afoire.’’ Many of our grand 
set-pieces, such as that in ‘‘ Herod,”’ with all the 
columns, would, I suspect, hardly be recog- 
nisable for what they profess to be. 

Often too we see a grand temple with 
columns, not grey or blackened, or rusted, as 
we would expect, but all aglow—pinkish or 
yellow, glittering and sparkling in the blaze. 

But a far more serious result of these excessive 
floods of light, is their effect on the figures. 
There are no shadows at all, light being all 
round, behind and before them—there is no 
relief—they seem merged in the background. 
And though there seems to be no connection 
between the voice, and glittering clothes and 
adornments, by some mysterious law the 
utterances seem to lose emphasis. It may be 
that the spectators’ eyes are distracted by the 
glitter and wander from object to object, just as 
a person who speaks from a crowd commands 
less attention than a person speaking when 
standing alone. There can be no doubt, how- 
ever, that a stage encumbered with furniture 
and all sorts of objects, to a certain extent, 
muffles the tones of a voice. 

Few perhaps know what was the old system of 
lighting. Indeed, it seems a mystery how the 
huge patent theatres could be lit by rude oil 
lamps or candles. Yet in Garrick’s time the 
system was truly dramatic, and far more 
favourable to acting than it is now. Then 
there were simply four large chandeliers 
hung over the actors. These furnished a 
central zone of light, within which the 
actors kept. The rest of the stage was not 
exactly dark, but misty, and the surrounding 
scenery was much like the indistinct details on 
a tapestry. What was the result? The 
figures of the actors stood out in relief like 
statues, every line in their expressive faces was 
seen. But, then, those were the days when 
acting—and acting alone—was considered to 
be the principle object of a theatre ; all scenes, 
dresses, and other gauds so much leather and 
prunella. | 

It is easy, of course, to point, and still easier 
to make a sort of cheap fun by pointing out all 
the grotesque makeshifts of actors and the 
stage. This has been done since the days of 
Scarron and Moli¢re. We are merely, as I 


said, seriously taking stock of the existing 
practice. I freely admit that these things 
cannot be altered, or done in any other way. 
The difficulties are insuperable. If you bring ~ 
up an actor through the stage, he must come 
up through a square hole cut inthe floor. If 
you have a sky it must bea stage sky. But 
then comes the reflection, are these things 
necessary at all? Or are there other ways of 
doing them ? 

I think I have now shown by these illustra- 
tions that we are not on the right track—or 
tack—and that we are rather persistently 
engaged in thoroughly disillusioning audiences. 
The only remedy, as it seems to me, is, as I 
said at the beginning, to try and discover 
some scientific principles and to work from 
them. Let us make an attempt to find these 
principles, however rude, but we must begin 
at the beginning. 

What is the stage ? What is our idea of it ? 
The common notion is that it is the floor of a 
very large chamber, which the spectator looks 
at from a distance. The entrance to this 
chamber is an archway, which is the pros- 
cenium. All which is a mistake, and is at the 
root of all the mischief. Of course, if the 
stage be considered a sort of peep-show, to 
which you put your eye to see rich and mag- 
nificent spectacular shows, there is not a word 
to be said, and all theatres and scenic effects 
are then on correct principles. But we are now 
assuming a stage for acting and the drama. 
It has been often asked, What has become of 
the fourth side of this room on the stage, 
which 1s always taken away to let us look into 
it? And though this has been meant as a 
jest, it really involves a bit of stage philosophy. 
Some hold—and correctly—that this fourth side 
is existent, or transparent, and that we see into 
the rooms as Asmodeus did. Others more 
correctly contend that this side is behind the 
audience, who are thus supposed to be on the 
stage and close to the characters. 

But the truth is, all this idea of an enclosure 
or room has nothing to do with it. The stage 
is an abstract notion, betokening the general 
ground on which we walk much as a statue 
stands upon its pedestal. In real life there are 
no boundaries—the ground stretches away to 
the right and the left until it meets an artificial 
barrier, such as a wall or a hedge, but it goes 
beyond these. You cannot fix a limit save at 
the horizon, but the stage being rigidly en- 
closed by five out of its six sides, must contrive 
some artificial boundaries or you will see the 
bare walls. While the scenery should be more 
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or less abstract, like the wall behind a basso 
relievo. And this stage, in its origin, signifies 
what it signifies in life, and what it imports in 
common, a carpenters’ platform raised above 
the ground, and not meant to be bounded by any 
walls or enclosures. This platform happens to be 
placed under the proscenium arch, and between 
its columns, though these now-a-days stand 
on the stage itself, a false architectural 
arrangement, for we see the front of the 
stage going down to the level of the stalls, 
and the massive proscenium pillars, often of 
marble, seems to be supported by a wooden 
platform. This betrays the original arrange- 
ment of a stage erected in the centre, 
and is supported by the arrangement in 
vogue only a few years ago, when the stage 
always projected well forward beyond the cur- 
tain, making a sort of stage in advance, or 
avant sceme, as the French call it; and on 
which a deal of dramatic action used to take 
place. This has been abolished, as the mana- 
gers naturally covet the valuable space for 
stalls. 

This was considered an indispensable 
arrangement. It used to be called the ‘‘ apron 
stage,” and in France the ‘‘ avant scene.” It 
fills a large space in the grand opera houses; 
but it will be seen how it supports my theory of a 
comparatively open stage, as against that of 
an enclosed chamber. On this apron stage 
the performer could display his gifts with 
immense advantage. He was free as air. 
Indeed it has always seemed that the figures 
on this open stage have a far more noble and 
dignified air—there is room and space above, 
below, and round them—instead of being 
cribbed and cabined in a vast box. This was 
the method of the old Greek theatre, also of 
that at Ammergau, where there was a sort of 
ambiguous stage, half indoors, half out of 
doors. The general notion, therefore, is this: 
a raised platform brought well forward and 
placed between the columns of the proscenium 
arch with some sort of background. 

The ‘‘ boards’’ indeed—the generic ‘‘ground’’ 
—are indeed hopeless for treatment. Real 
ground in general is more or less undulating, 
is not bounded by anything, and all objects 
are not laid upon it, but rise out of it. The 
boards are not to be reconciled with the stiff 
straight lines of the wings which rest upon 
them. Instead of softening away the junction 
we only seem to emphasise them more. 

Under such conditions the stage may be 
taken to be a sort of abstract notion of the ground 
upon which we all walk, much like the base 


upon which a statue stands. There the actor 
could expatiate at will and draw all eyes—and. 
you might give as much scenery as you chose, 
or as you could—consistently with these condi- 
tions. What a change to the present conditions 
where he is driven backwards into a deep 
chamber, where he is hemmed in on all sides 
with screens—screens above, beside him, and 
behind him—encumbered with blocks of build- 
ings and heavy furniture. And note the very 
complications that this brings. The walls of 
this chamber are assumed to keep out of sight 
the intruding world outside, and then we find 
ourselves obliged to keep these walls them- 
selves out of sight by this complicated system 
of screens, sky borders, and the rest. 

This notion of boundaries or enclosing sides 
is further opposed to the general arrangement 
of real life. There no one thinks of confining 
barriers—save in the case of a small room— 
space is free, and stretches away to the right 
and left. On the stage alone are cities, 
churches, squares, streets, all confined within 
two walls. 

On this sort of stage the actors became de- 
tached from the enclosing walls, and stood on 
debateable ground, half on the stage, half 
among the audience. The scenery became 
a sort of background. . Sir Squire Bancroft it 
will be recollected when at the Haymarket 
enclosed the whole front of the proscenium 
ina gilt frame, which made the whole like a 
picture, and cut off the actors altogether from 
the spectators. 

So much for the stage itself. The next 
important question I shall detain you with, is— 
What is the scene? The author thinks the 
scenes the number of divisions, the actor the 
portion in which he figures—‘‘ my scene,” in 
fact—the stage manager, of course, the 
different ‘‘sets’’ he has to get ready. The 
real scene is none of these things, it is a purely 
abstract notion and means the centre of action 
or the zone of action, which is the space round 
the actors wherever they are. This may seem a 
little metaphysical, but as Captain Cuttle’s 
friend says, ‘‘ The bearin’ of it lies in the ap- 
plication.” I will illustrate itin this way. You 
know that in photography there is the ordi- 
nary background, a dark mass, with the usual 
curtain or furniture, and which answers to the 
existing system of scenery—there is a space to 
be filled in and this the artist does. But there 
is another fashion, that of the halo. The head is 
in the centre and the dark background is 


shadowed or softened off till it is merged in the 


white. Now applying this to scenery it will 
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limit it to just so much as can be brought into 
close relation with the performers will be fitted 
to their scale and form a halo round them. 

The scale of the human figure—that is of 
the actor—is a constant one and of course 
never varies, but the objects which are placed 
round it do in an almost absurd way. This 
question of scale is regularly and ludicrously 
set at nought and leads to all kinds of con- 
fusion. The space in the enclosure is also 
a constant quantity, the limited area can- 
not be stretched; yet into it is squeezed all 
sorts of helerogenous objects, squares, streets, 
churches, palaces. This can only be done by 
reducing their size. Thus a vicarage I before 
spoke of would be only four or five feet higher 
than the vicar. There is a monumental arch 
through which the procession emerges ; yet the 
arch may be only a foot or two higher than the 
heads that pass under it. 

The system is when a group of these objects 
is introduced to squeeze them all in, as it 
were, finding accommodation for them in the 
limited space, an area of not more than 50 
feet square, by reducing their size. Thus we 
have whole streets, squares, cathedrals, pala- 
tial chambers, House of Commons even, all 
fitted in by reducing their size. On the other 
hand, small objects are enlarged, and we are 
shown the interior of a cottage, or a garret, or 
a lighthouse, which fills the whole stage. 

Mr. Herkomer once propounded a highly 
ingenious remedy for this last state of things, by 
contriving a sort of expanding and contracting 
proscenium ; when there was a small in- 
terior, a sort of screen descended and made 
the opening sufficiently small. It will be seen 
what objections could be made to this system. 
These anomalies prove what I have just stated, 
that it is impossible to struggle against what 
as the original conception of the stage, which 
is a simple platform just adapted to the actual 
needs of the performers. 

What, then, is definition of the scene ? 
The true answer must be—The centre of 
action, where the performers are, and which 
is comprised in the zone immediately about 
them. This is, of course, merely a prin- 
ciple. There should be just so much of the 
surroundings shown as should be in im- 
mediate relation or contact with the per- 
formers, as is found in real life. In real 
life, when an exciting incident occurs, in 
a street or a square, or a church or a palace, 
the whole street, church, or square, is not 
beside the performers, but only a portion of it. 
I myself have seen, in an exciting melodrama, 


in which a murder or some act of violence was 
done in Trafalgar-square—the whole Square 
and its contents — St. Martin’s Church, 
National Gallery, the Column, the fount- 
ains, and even Morley’s Hotel, all brought 
in, but, of course, compressed. The 
National Gallery was about the size of a 
soldier's hut. The truth is, all this com- 
bination of objects could never be seen 
at the same moment by the human eye. 
Now, in real life, all would be in a zone, 
say close to the lion’s pedestal or the 
steps, and this would be all that would 
come into the field of vision. The rest could 
be indicated, rather haloed forth, by paint- 
ing and perspective. And, again, noone at an 
agitating moment takes note of the surround- 
ings. He has only a general notion of what is 
about him. In one of his essays, Charles 
Lamb, speaking of painting, has this significant 
remark :—‘‘ Not all that is to be observed is 
to be expressed in a picture.” Most true it is, 
and I can illustrate it in this way; not only is 
this filling up the enclosing chamber with all 
the objects that would be found in real life, 
superfluous and cumbering ; but it is untrue to 
experience, no one sees these things. Fancy 
some exciting incident taking place in a large 
room—a quarrel, an assault, or murder—and 
that we were witnessing it. What would be 
our impressions? Would we note the number 
of windows in the room, what pictures were on 
the wall or were there any, the colour of the 
paper or the carpet, number of chairs, and— 
no, surely. We would carry away a general 
notion of a room, perhaps that the door was on 
the right, that there was a table, but little more. 
And is there not a moral in this view—that if 
the interest excited by the dramatic situation 
be sufficiently strong and overpowering we 
shall not note how the players are dressed, or 
how magnificent the scene and its appoint- 
ments are. 

In the same passage Charles Lamb seems 
to expound the true philosophy of the thing. 
He is speaking of painting, but the principle 
applies equally well to the stage. He is deal- 
ing with Martin’s great picture of Belshazzar’s 
Feast, all crowded with palaces and buildings, 
and the innumerable lords, ladies, and courtiers, 
all seated at the banquet—and all flying and 
in the confusion of terror at the apparition. 
None of these things, he says, would be 
observed in a ‘‘day of horror.” The eye 
should see ‘‘ as the actual eye of an agent or 
patient in the immediate scene would see, only 
in masses and indistinction.”’ ‘‘ The great 
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masters got at their true conclusions by not 
showing the actual appearances, but only 
what the eye might be supposed to see in the 
doing or suffering of some portentous action. 
‘‘ Suppose,” he goes on,’’ the moment of the 
swallowing up of Pompeii. There they were 
to be seen—houses, columns, architectual pro- 
perties, men and women at their standing 
occupations—the thousand postures, attitudes, 
dresses all physically visible. But what eye 
saw them at that eclipsing moment—when 
sight and hearing are a feeling only.’’"* We 
may apply all this readily to those grand 
realistic scenes now so fashionable, in which 
men, women, dresses, furniture, and buildings 
are all crowded together in an enclosed fan 
too small to hold them. If the drama has a 
really agitating and tragic interest, we shall 
not necd these adjuncts. 


DISCUSSION. 


The CHAIRMAN, after thanking Mr. Fitzgerald 
for his most interesting paper, suggested two 
questions, with a view to provoking discussion. (1) 
Does scenery increase or decrease the powers of 
imagination on the part of the audience? Did the 
audience like Shakespeare better by seeing his plays 
decorated, as they were at present produced on the 
stage, or dependent upon the power and art of the 
actor, apart from the scenery? (2) Is modem 
scenery often designed to conceal bad art? He was 
afraid it was, and would illustrate this by a few 
instances. He was the greatest possible admirer of 
an actor like Mr. Beerbohm Tree, but he would not 
be able to play Hamlet better, because there were a 
lot of sheep with sheep-bells in the churchyard scene. 
With regard to the lighting of the auditorium, it was 
so bad that he could not read the playbill; the stage 
was lit so brilliantly that nothing else could be seen. 
He considered Mr. Fitzgerald was a prophet in what 
he had said about the confined stage. In the course of 
his travels round the world he went to Japan. The 
Japanese had discovered the principle of an open 
stage, an open theatre, which was simply marvellous. 
The players dressed in the front of the theatre, and 
there had been laid through the middle of the 
audience, a path which was called the ‘Flowery 
Way,’ an immense point being made of the 
entrances and exits. When a murder scene was 
enacted, or a man was bowed down with grief, the 
way he went back for about fifty yards on the 
“ Flowery Way,” acting all the time, was marvellous. 
The confined stage was not wanted. Mr. Fitzgerald 
had also alluded to another subject which, strange to 
say, had already been carried out in America, the 
beautiful photographic effect of ‘‘ hazing off.” That 
was done by William Gillette in ‘ Sherlock 


* Essays. ‘‘ Barrenness of the imaginative faculty.” 


Holmes.’ The stage suddenly became darker and 
darker, and the faces of Sherlock Holmes and the 
girl at the end of the scene gradually became fainter 
and fainter, and then disappeared into the darkness. 


Sir GEORGE BrRnwoop, K.C.I.E., C.S.I., said, he 
had no claim to open the discussion, except as Chair- 
man of the Committee of the Applied Art Section, in 
which capacity he gladly availed himself of the 
privilege of moving a hearty vote of thanks to 
Mr. Percy Fitzgerald for the most interesting 
and valuable paper he had read to them that 
afternoon. Mr. Clement Scott had referred to 
Mr. Fitzgerald's great literary reputation, but, to 
the members of the Society of Arts, he was known, 
not only as the author of many works on the stage, 
but as already twice a lecturer before the Society, in 
1887, on “ Scenic Illusions and Stage Appliances,” 
and, in 1894, on ‘“‘ Adam Architecture in London,” a 
paper for which Mr. Fitzgerald reeeived the Silver 
Medal of the Society. It was not the etiquette 
at these meetings to thank the gentlemen who 
presided over them, but, with the author of 
“ Poppy Land Papers” in the chair that evening, 
who equally with his lifelong friend, Mr. Fitzgerald, 
had come, at a moment’s notice, to the relief of 
the Society in the emergency arising from the 
illness of Mr. Cecil Smith, who was to have read 
a paper to them that evening on ‘‘Greek Vases,” 
—in these circumstances he felt justified in at least 
associating in his remarks, if he might not in the 
formal vote of thanks he had to move, the name of 
Mr. Clement Scott with that of Mr. Percy Fitz- 
gerald. Both of these gentlemen were distinguished 
for their erudite knowledge and high appreciation of 
the British stage, and for their assiduity and ardour in 
the promotion of its welfare as a most attractive and 
potent instrument of popular education and culture. 
He could not presume to criticise the matter of Mr. 
Fitzgerald’s paper. He had acquired the usual school- 
boy’s knowledge from Adam’s ‘‘ Roman Antiquities ”’ 
and similar handbooks of the structure and mechanism 
of the classical stage, but of the modern English stage, 
although in his time a devoted playgoer, he knew 
nothing but what he had casually gathered from 
such sources as Mr. Percy Fitzgerald’s present and 
previous papers. Still, as a playgoer, he had a very 
decided opinion on the deteriorating influence of the 
modem extravagant excess in ‘scenery’? on the 
drama, through the subordination, it inevitably in- 
volves, of the playwriter and the actor to the “stage 
carpenter ; ” and he was gratified to find that he was 
supported in the opinion he had formed by so well 
informed, experienced, and capable an expert on the 
subject as Mr. Percy Fitzgerald. In the first part of 
his paper, where he criticised some of the mechanical 
defects of modern “‘ scenery,” as if impatient of them, 
he was momentarily apprehensive of his betraying an 
amiable inclination to apologise for a system of 
scenic illustration opposed to every principle of 
dramatic illusion, and lying at the very root of the 
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grovelling sensuality and degradation of the drama of 
our day. But when Mr. Fitzgerald came to his illumina- 
ting quotation from Charles Lamb, then he understood 
that he was indeed of one mind with him on what 
he conceived to be a vital point for all who recognise 
the higher responsibilities of actors and playwriters, 
as the most persuasive and efficient of public instruc- 
tors in all that advances public virtue and honour. 
He was told that, in spite of their superficial resem- 
blances, the modern theatre arose quite independently 
of the classical theatre, but there were so many points 
about the Greek and Roman theatre that seemed to 
illustrate Mr. Percy Fitzgerald’s main argument, and, 
further, to enforce the contention of all his, and of all 
Mr. Clement Scott’s writings, that the great end of 
the stage was the elevation and refinement of national 
character, that he would fain refer to some of them 
as briefly as possible. In the classical theatre, the 
“ scene ” included the whole stage, ‘‘ prosceninm ” 
and ‘ postscenium,” and it was only when theatres 
were developed into architectural buildings that the 
term “ scene ” became restricted to the wall separating 
the ‘‘ stage ’’ from the rooms in which the actors attired 
themselves, and on which the “‘ scenery ’’ proper was 
hung. In the Greek theatre, the stage, or what was 
called the orchestra, or ‘dancers’ platform,” was 
pushed forward into the very midst of the audience. 
The Romans abolished this orchestra, and left, where 
it stood, the sunken space which we occupy with “the 
stalls” and ‘‘ the pit,” a term applied by the Greeks 
[4ozlon] and the Romans [cavea, compare, “Cave of 
Harmony,” ] to the whole semi-circule, tier upon tier, 
of the spectators. Now the Greek word skene, means 
simply a shaded place. It is formed from skia, in 
Sanskrit chya, ‘‘shade,’’ the same word as our 
“sky,” which etymologically means not the vault of 
the heavens, but a cloud; and skene originally signified 
the rustic tabernacle of tangled boughs, or stretched 
curtains, under which the Greeks first acted their plays. 
This is very much the sort of structure, so far as there is 
any construction in it, under which plays are still acted 
in many parts of the East,* as in Japan and Java, and 
the Miracle Play in India and Persia; and he never 
enjoyed the acting of Shakespeare plays so much as 
when they were performed in Bombay by young 
Parsees under a ‘‘ gloriette” of the kind indicated ; 
the change of the ‘“‘scenes’’ being confined to a 
change of the label which surmounted them. The 
illusion, the passing sense of a higher reality, was 
complete, the magical power of Shakespeare’s spoken 
word overwhelming, and the actors were everything, 
and the ‘‘scenery”’ as nothing. Ofcourse he was not 
advocating such extreme simplicity as that in the 
representation of even the greatest dramas; he was only 
pleading for the due subordination of the “ stageing ” 
of a play to the players and the author of it. The 
next point well worth considering was the religious 


* I have fully described the manner in which this drama is 
“celebrated” in Bombay, in the Preface to the late Sir Lewis 
Pelly’s “ Miracie Play of Hasan and Husain.” See also 
Hughes’ “ Dictionary of Islam,” article Mukaram, 


origin of the classical drama. The direct meaning of 
the word theatre, which is Greek, is “ the place of the 
spectators,’’ or, as we say, ‘‘ The House; ” but the 
word which is closely connected, through ¢haomai, 
“to gaze on,” ‘to wonder,” ‘to worship,” also 
suggest “a place of worship,” and the ‘‘ House of 
God” [theos]. Tragedy means ‘‘ The Goat-song,” 
the song sung by the priests during the sacrifice of 
the goat offered up to the Gods before the perform- 
ance of a classical drama. In the Greek theatre it 
was a priest who directed the players, particularly the 
dancers, from the altar in the centre of the orchestra, 
represented in our theatres by the conductor’s 
“ box.” This may serve to explain the dancing of 
the ballet girls before the high altar of the cathedral 
at Seville, on the occasion of certain solemn celebra- 
tions of the Catholic Roman Calendar. Finally, the 
drama was introduced into Rome from Etruria 
B.C. 361, especially to appease the wrath of the Gods 
during the ravages of the plague then prevailing—a 
fact which may serve to explain the throwing open of 
the playhouses during the recent outbreak of the 
plague at Lisbon. In the last days of Imperial Rome 
the front row of the seats placed on the sunken floor, 
which in Greece was filled by the raised orchestra, 
was set apart for the priests and magistrates, so that 
in time the Romans came to speak of the “ orchestra 
and the people ” as synonymous with ‘the patricians 
and the people.” These points, and there are 
many similar ones, are very pertinent for those 
who regard the profession of the player as 
one of the most responsible, the most self- 
denying, and the most benificent a man can 
follow. For centuries the so-called “ pulpit” has 
quarrelled with the stage, but they are one and the 
same thing in word, for the Romans called their stage 
pulpitum, and they ought to be regarded as indis- 
solubly one in the spirit which should animate both. 
It is not well to strain our ideals too high, z.¢., out of 
practical reach. But, on the stage, no less than in 
the “ pulpit,’ the men, as some well-known writer, 
whose name I cannot recall, has said, ‘should stand 
a step higher than in our common life;’’ and the 
sooner we recognise the commanding part which the 
playwriter and the actor are capable of taking in the 
regeneration of our social life, as an imperial people, 
the sooner will dawn the day anticipated by Goethe, 
when both the duties of the stage and of the “ pulpit ” 
will be entrusted to none but men of the noblest minds 
—men who in everything, and above all things in the 
drama, instinctively reverence and honour, and 
scrupulously respect, the innocent and aweless throne 
of modesty. 


Mr. HUGH STANNUS said he had been particularly 
struck with what Mr. Fitzgerald had called ‘“‘ haloing,”’ 
or what photographers would call vignetting the 
strength of the picture. The focus of the action 
should also be the focus of the vision; the part that 
impressed the eye should be where the action was 
being done. He agreed with Mr. Fitzgerald in his 
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lament about the overlighting of the stage. When 
Mr. Fitzgerald spoke about the manner in which the 
stage was lighted in the times of Garrick, he wished 
that some theatre managers would have the courage 
in the first place, and, he believed, the success in the 
second, of lighting a stage in such a way, always pro- 
vided that they had actors like Garrick to fill the 
theatre. In his opinion acting was chiefest, while 
the scenery was merely a background. It had unfor- 
tunately happened that there had been one or two 
managers who had also been stage-managers, and 
who adopting Paul’s advice to Timothy, had magni- 
fied their office. They thought there was nothing 
like ‘‘staging a piece,” especially if they relied on 
the scenery more than the acting, as is some- 
times stated, so that the stage, instead of being 
a place where the portrayal of human passion, 
or the development of some soul-entrancing story 
was seen, was filled with cabinets, and chairs, and 
sofas, lent by Messrs. Advertiser and Company, 
as is duly mentioned on the play-bill. He 
would be sorry to do away with painted scenery, 
but he did want to see the dismissal of the stage 
upholsterery, except in those cases in which the action 
required it. If he might make a suggestion, he 
thought it would be well if painters of scenery would 
study the pictures of Sir Joshua Reynolds or Gains- 
borough, in which the person whose portrait was 
painted was portrayed with fidelity equal to Rem- 
brandt, while the background was very much im- 
pressionised. Under the fierce light that beat upon 
everything on the stage every object was in the 
same plane, there being no distance. If the light 
could be either lessened or the tone of the painting 
of the background lessened so that it would go back 
like a Reynolds or Gainsborough background went 
back, this would be a great advantage. In refer- 
ence to the scale of the scenery, he remembered see- 
ing the theatre at Vicenza, which was built with solid 
scenery from designs by Palladio; but on testing it he 
found that the scenery was utterly disproportionate 
to the height of the actors when they entered at the 
back. He desired to support the vote of thanks to 
Mr. Fitzgerald for what had been so suggestive a 


paper. 


Mr. WILLIAM POEL said that the Elizabethan 
Stage Society had been formed under the conviction 
that Shakespeare could not be enjoyed so thoroughly 
if his plays were performed on the present-day stage. 
The performance was held on an open platform, and 
those present enjoyed their Shakespeare and under- 
stood the plays better than they did before. It was 
realised that there was no need for scenery, and that 
the characters could be understood, even if they were 
badly acted. In Shakespeare’s time the author's 
responsibilities were considerable; he had to draw a 
woman so strongly marked that the character came out 
even when acted by a man with hair on his chin. 
The performances of the Elizabethan Stage Society 
had been more or less private, purely for the benefit 


of immediate supporters and friends, and therefore 
the costs were not always met; but he was convinced 
that, as regards the pleasure of the performance, it 
was exactly the same as obtained in a public theatre. 
The audience came away, not full of the actors, but 
the author. The actors’ possibilities stood out more 
conspicuously when speaking in the middle of a 
room instead of behind a proscenium. When the 
restoration period occurred, and the centre platform 
was done away with, the essentials for acting 
Shakespeare also disappeared, because the construc- 
tion of Shakesperean drama was not suited to the 
modem stage. An agitation for the building of an 
Elizabethan playhouse, at which on Shakespeare’s 
birthday and other times the public might have an 
opportunity of seeing how the plays were performed 
in the old times, was about to be started. Support 
had been solicited, but it was curious how the English 
public would not take up anything which did not 
follow the purely conventional lines to which they 
were used. If public opinion on the matter was 
informed there would be a change, and a desire on 
the part of working-class people to enjoy the plays of 
Shakespeare in the same simplicity in which they 
were performed in his own time. 


Mr. FITZGERALD, in reply, briefly thanked the 
audience for the vote of thanks. 


The CHAIRMAN, in expressing his satisfaction at 
presiding at this meeting, thought they were all 
agreed on the main points. He believed that the 
increase in the extravagance and luxury of scenery 
was decreasing the power of acting, and doing it a 
great deal of harm. Acting deteriorated as scenery 
got more extravagant. One of the finest Shakesperean 
performances he ever saw was Salvini’s Othello, but 
yet he could not remember at all what scenery was 
used. The Americans were the first in the field so 
far as lighting was concerned, but English playgoers 
would have an opportunity of seeing in the autumn 
the beautiful silhouette effect obtained in ‘‘ Sherlock 
Holmes.” 


SEVENTEENTH ORDINARY 
MEETING. 


Wednesday, May 1, 1901 ; SIR FREDERICK 
BRAMWELL, Bart., D.C.L., F.R.S., President 
of the Society, in the chair. 


The following candidates were proposed for 
election as members of the Society :— 


Andrew, James, Plantation Leonora, West Coast, 
Demerara, British Guiana. 

Bose, Rai Bahadur Chuni Lal, M.B., The Chemical 
Laboratory, Medical College, Calcutta, India. 

James, Joseph, D.Sc., Ph.D., 25, Milner-square, N. 

Khan, Haji Mozammil Ulla, Bhikampoor, District 
Aligarh, N.W.P., India. 
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Khan, Raja Saiyid Muhammed Bagar Ali, C.I.E., 
Pindrawal, District Bulandshahr, N.W.P., India. 

Korsman, K. W., Hangö, Finland. 

Lim, Hua Chiam, 230 Beach-street, Penang, Straits 
Settlements. 

Pearce, Richard, H.B.M. Vice-Consul, Denver, 
Colorado, U.S.A. 

Taylor, W., Parlakimedi, India. 

Wadia, Nusserwanjee Nourosjee, 
Cumballa-hill, Bombay, India. 

Warden, Dinshaw Sorabjee Eduljee, Homby-road, 
Fort, Bombay, India. 

Warden, Sorabjee Eduljee, J.P., Hornby-road, Fort, 
Bombay, India. 

Westropp, Henrietta Jane, Spring Fort, Patrick’s 
Well, Limerick, Ireland. 


Bella Vista, 


The following candidates were balloted for 
and duly elected members of the Society :— 
Aiyar, S. A. Subrahmanyar, B.A., 122, Mahadana- 

street, Mayavaram, Madras, India. 

Bharucha, Dinsha Manekji, Bharoocha Mohla, Null 

Bazaar, Bombay, India. 

Brown, Henry, Mlanji, British Central Africa. 
Cameron, Kenneth J., Namasi, Zomba, British 

Central Africa. 

Cannanore, Rajah of (Sultan Muhamed Ali), Canna 
nore, India. 

Chakravarti, Jnan Saran, M.A., Allahabad, India. 

Chung Ah Yong, Taiping, Perak, Straits Settlements. 

Ewbank, Alfred Lloyd Vandyke Ellesmere, Osterley 
park-road, Southall, Middlesex. 

Lindley, Miss Julia, 74, Shooters’ Hill-road, Black- 

heath, S.E. 

Price, Thomas Rees, P.O. Box 33, Cape Town, 

South Africa. 

Rengiah, G. M., 140, Thambu Chetty-street, Madras, 

India. 

Roskill, Charles, Brockhurst, Fielden-park, West 

Didsbury, Manchester. 

Symonds, William Powell, I.C.S., Department of 
Land Records and Agriculture, Bombay, India. 
Wadia, Bomanjee Ardeshir, 30, Middle Colaba, Bom- 

bay, India. 


The paper read was— 


THE THAMES STEAMBOAT SERVICE. 
By ARNOLD F. HILLS. 


PART I. 


To arrive at a right appreciation of the 
possibilities of the Thames Steamboat Service, 
it may be well to take a brief historical survey 
of what has already been done for the develop- 
ment of the highway of the Thames. 

For this purpose it will not be necessary to 
explore the obscure recesses of an unknown 
past; we have not to consider those early 


days when our forefathers, lightly but elegantly 
apparelledin skin-tights of Cambridge-coloured 
woad, disported themselves in curious coracles 
upon the silver bosom of the stream; nor 
lightly traversing the centuries need we too 
seriously regard that later period of the river’s 
history when the Worshipful Company of 
Watermen was founded in 1514, and when 
bluff King Hal found it necessary to pass a 
law for the better regulation of watermen and 
their fares, it being then recorded ‘‘ that it 
had been a laudable custome and useage time 
out of minde to use the river in barge or whery- 
bote ;’’ but it may be well to remember that 
until the introduction of coaches, the Thames 
barge and bote were the only means of convey- 
ing royalty and the public between the ancient 
palaces of Windsor, Sheen, Hampton, West- 
minster and Whitehall, and gave communica- 
tion between Greenwich, Woolwich, and the 
entry to the port of London, which from time 
immemorial was established at Gravesend. 

In those sumptuous days when Merrie 
England was not forgetful of Father Thames, 
a body of bargemen formed a part of the 
royal household, were dressed in royal livery 
provided by the Crown, and were employed 
in carrying the royal family on the river 
when required, and I trust that the time 
may not be far distant when His Majesty 
King Edward VII. will revive the glories of 
the Thames and graciously summon his loyal 
subjects to some brave river pageant, when 
the royal barge shall lead a stately procession 
from Whitehall to Merry Hampton, followed 
by all the City Companies in gorgeous 
wherries and escorted by the steamboats of 
the Company over which I have the honour 
to preside. 

The boat provided for the conveyance of 
passengers on the Thames in the early part of 
the 18th century, or some time before the 
first passenger steamboat appeared on the 
Thames, was known as a “‘tilt-boat,’’ and may 
be thus described :—‘‘ It was an open boat of 
wood construction—clincher built, and of such 
dimensions as enabled it to carry in addition 
to its crew, some nine or ten passengers. It 
had a single mast, forward of which sat the 
rowers, open and exposed to the weather, and 
abaft the mast up to the helmsman the boat 
was covered with a ‘tilt’ of thin boards or 
canvas, supported on semi-circular hoops, but 
open at the sides. Under the ‘tilt’ sat the 
passengers, who were accommodated every 
tide with clean straw laid over the bottom of 
the boat, on which they reclined, a long rug or 
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blanket being provided to cover them in cold 
or bad weather.’’ 

Gravesend, the down-river terminus at this 
time of Thames passenger traffic, having 
become a favourite pleasure resort of Londoners, 
the numbers visiting it continually increasing, 
a great improvement was made in the passage 
boats and sailing vessels running between the 
two places. The following advertisement of 
one of the improved sailing vessels which was 
put on this, which was known as the long-ferry 
in 1789, will be interesting. The vessel was 
built by a Mr. John Dominy, of Gravesend. 


GRAVESEND PASSENGER YACHT. 
Mr. John Dominy, of Gravesend, begs leave to 
acquaint ladies and gentlemen as would wish to take 
an excursion from London to Gravesend, that he has 
built a new and commodious yacht, called the Princess 
Royal, fitted up in an elegant manner for the recep- 
tion of genteel and creditable people only, which will 
sail to-morrow morning at six o'clock, and continue 
sailing during the season. 
(At One Shilling each Passenger.) 
The master to be spoken with at the Dark House 
and Gun Tavern, Thames Street. 
It is Mr. Dominy’s fixed intention to carry no HOP- 
PICKERS, or people GOING A-HARVESTING, 
ON ANY ACCOUNT WHATEVER. 


From this announcement readers will note 
that on a water excursion of a few hours 
duration a hundred years ago, a choice of 
passengers was a matter thought worthy of 
public notification. 

Although little or nothing had been done on 
the Thames in the application of steam power 
to the propulsion of boats up to the time of the 
bringing out of Mr. Dominy’s sailing yacht 
the Princess Royal, it is a remarkable 
coincidence that at this identical date— 
178g—a very successful trial took place on 
the Forth and Clyde canal with a twin boat 
impelled by paddle-wheels driven by a pair of 
steam engines, a speed of between six and 
seven miles an hour having been obtained with 
her. An attempt had certainly been made to 
apply steam power to boat propulsion on the 
Thames before this date, as in 1783 an 
experiment which attracted much public notice 
had been made to propel a boat between 
Temple Stairs and Westminster-bridge, but 
failed of accomplishment. Its propulsion was 
to have been effected by motion being given to 
a set of oars on either side of the boat, the 
power being derived from steam. 

Fulton, the pioneer of steam navigation in 
America, says, in 1811, some nine years after 


the successful trial of the Charlotte Dundas in 
Scotland, 


“I endeavoured to introduce river steam navigation 
in England, but I found there existed a strong con- 
viction that it would not answer in this country, the 
most eminent engineers saying, ‘ We don’t doubt the 
success of steamboats in the wide rivers and harbours 
of America, but in our small rivers and harbours they 
will never answer,’ and I was advised to relinquish the 
attempt to introduce them, as it would be a waste of 
time and money to no purpose.” 


And it was not till some 5,000 tons of steam- 
boats had been launched on the Hudson 
that conviction came to the public mind in 
England that steam navigation would answer 
here. As if to confirm this, in January, 
1815, the following advertisement startled 
both London pleasure-seekers and the water- 
men and lightermen of the Thames :—‘‘ The 
public are respectfully informed that the new 
London steam engine packet the Margery 
will start precisely at 10 o’clock on Monday 
morning, the 23rd instant, from Wapping Old 
Stairs, near the London Dock, to Milton, 
below Gravesend, and will return from thence 
at the same hour on the succeeding morning 
to the same stairs. The said packet having 
superb accommodation, passengers and their 
luggage will be conveyed to and fro with more 
certain speed and safety than by any other 
conveyance by land or water, and on reason- 
able terms.’’ The fares charged were, chief 
cabin, 4s., fore cabin, 2s. 

The Margery was built in Glasgow in 1813, 
and was subsequently brought round to London 
in the following year. There are no authentic 
particulars obtainable as to her actual dimen- 
sions, but it is on record that she was of 70 
tons burden, of wood construction, clincher 
built, and was propelled by two paddle-wheels 
fitted on a shaft, athwartships, carried in 
brackets projecting from her stern. These 
two wheels had radial arms, each fitted at its 
end with a float of the shape of a duck’s foot. 
The shaft carrying the two wheels was driven 
by a 14 horse-power engine of the bell crank 
lever type, and when in motion the paddles 
caused a great deal of splashing, as they were 
quite uncovered. Occasionally, when the boat 
was under way, the duck feet came in contact 
with a laden boat, when one or more of them 
were broken off, causing a delay of the vessel 
until a jury-duck foot could be fitted. It is on 
record that this steamboat never worked for 
more than three weeks at a time without 
repair, and was, consequently, after running 
three months, finally withdrawn from the station. 
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Thames, first called the Glasgow. This 
vessel was built at Port Glasgow by Wood and 
Co., the builders of the Margery, in 1813. She 
was 72 feet long, 15 feet beam, and 74 tons 
burden, fitted witha single engine of 16 (nominal) 
horse-power. After completion she was in use 
on the Clyde for two years, and was then 
navigated from there to Dublin, encountering 
on the passage much bad weather, but without 
material accident to hull or engine, and thence 
was brought round to London. 

Here is a view of this vessel at sea in a 
gale off Port Patrick, weathering the coast 
under her steam power. She is certainly a 
remarkable looking craft, thanks to her lofty 
funnel being made to serve as a mast, on 
which, when the wind was favourable, she 
carried a large square sail, as well as the two 
staysails shown. The vessel was of wood, 
clincher built, and was propelled by two side 
paddle-wheels, driven by a single beel-crank 
engine, supplied with steam at 24lbs. above 
atmospheric pressure by a wagon boiler. 

I next give an illustration of the ‘‘ Sons 
of Commerce,’’ the temporary successor of the 
Regent on the Margate station until the com- 
pletion of the Favourite, a vessel of twice the 
tonnage and power. The subject of our sketch 
was built at Blackfriars in 1817, she was 87 feet 
long on the keel and 14 feet beam, of oak, 
carvel built and powerful fashioned—a powerful 
strongly built vessel. She was engined by the 
Butterly Company with a single engine of 20 
horse-power, having a cylinder 27 inches in 
diameter with a 2ft. 6in. piston stroke; the 
engine being of the half side lever type. The 
vessel had every convenient passenger accom- 
modation, and her recorded speed was 10 miles 
an hour by her engine power alone, unassisted 
by wind or tide. She frequently made her 
voyage to Margate in weather too stormy for 
other vessels to venture out. 

Now, in the first application of a new motive 
power such as steam to the propulsion of floating 
vessels, it was necessary that the most efficient 
mode of applying the propelling agent should be 
arrived at; whether it would be most effective on 
the sides, at the stern, or at the middle of the 
vessel. The Margery, the first vessel plying for 
hire on the Thames, had her propelling wheels 
applied at her stern. The two succeeding 
vessels had side wheels, and it was left for the 
next built passenger boat to the Sons of 
Commerce, viz., the London Engineer, built 
at Rotherhithe in 1818, and engined by Mauds- 


race, or space in which the wheel revolved, 
being cut out of the middle of the boat, and 
the wheel hung in it and boxed over, the 
channel fore and aft of the wheel being for the 
influx and efflux of the water. 

We give an outside view of this remarkable 
looking vessel as she appeared afloat. She 
was 315 tons burden, 120 feet long, 24 feet 
beam, and drew five feet of water. Her pro- 
pelling machinery consisted of two bell-crank 
lever engines of 70 horse-power collectively, 
situated on the port and starboard sides of the 
vessel, each of which drove one of the two 
paddle-wheels, which were 12 ft. 6 in. in 
diameter, placed side by side in the middle 
of the vessel, at 28 revolutions a minute. 
In passenger accommodation the London 
Engineer was sumptuously provided, her after 
and forward saloons being lofty, well ventilated, 
and fitted with every comfort and convenience. 

To show the increase in number, size, and 
power of the passenger steamboats brought 
into service on the Thames in the ten years 
following the introduction of the Margery, I 
give, in tabulated form, below some interesting 
particulars in reference to them (p. 457). 

Time fails me to tell the whole tale of the 
gradual development of steamboat traffic on 
the Thames; like all Nature’s  sublimest 
operations, it represented a gradual evolution 
from the crudities of the Margery to the 
yacht-like beauty of the Alexandra. 

Even in 1830 speed was one of the great 
desiderata in all passenger river steamers, and 
a struggle for supremacy took place between 
the London and Margate and the London 
and Gravesend steamboats, which demon- 
strated the necessity that all future vessels 
employed in the passenger service should 
be of a form best suited for steam pro- 
pulsion. The boats belonging to the original 
steamboat companies were short wooden, bluff- 
bowed boats, and it soon became evident that 
to attain speed this form of vessel must be 
abandoned, and one more in consonance with 
speed requirements be adaptcd. 

Mr. Ditchburn, a Naval Architect, and 
partner to Mr. Charles Mare, the founder of the 
present Thames Iron Works Shipbuilding and 
Engineering Company, had built the steamer 
called the Royal George which had repeatedly 
beaten the Magnet, the fastest boat of the old 
Margate company. In consequence of this, 
the owners of the Magnet applied to Mr. 
Ditchburn to alter the shape of their vessel’s 
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bow, which he did with a result so satisfactory 
that his firm became noted as builders of fast 
vessels. With the abandonment of the bluff- 
bow and the introduction of a fine entrance and 
a greater length of body the speed of the 
Thames steamboat was vastly improved, and 
to Mr. Ditchburn is due the merit of advancing 
the art of steamship building by giving vessels, 
designed and built by him, an amount of speed 
hitherto unknown. 

About the same time, Mr. Ditchburn de- 
signed and built the Daylight, Moonlight, 
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steamers, that orders for others rapidly in- 
creased; the Iron Steamboat Company 
eventually owning some 16 vessels, all fitted 
with the same type and power of engines, 
supplied by Mr. Penn. e 

At the end of the year 1838, the passenger 
steamers on the river below bridge found them- 
selves faced by a fresh opponent, with whom 
they had to compete for on December 24th, 
the new railway between London and Green- 
wich—the first line out of London—was opened. 
The force of this competition was immediately 


STEAMBOATS PUT ON THE STATIONS BETWEEN RICHMOND AND RAMSGATE, 1813—1822. 


bbls Name. Tonnage.| H.P. Station. By whom built. Engineers. 
1813 | Margery 70 14 Gravesend Wood, Port Glasgow Robertson 

1813 | Thames 74 16 Do. Do. Cook 

1814 | Richmond 50 10 Richmond Lepingwell, Yarmouth | Maudslay 

1815 | Hope 45 6 a } Lawrence, Bristol Johnson 

1816 | Regent 112 24 Margate Courthorpe, Rotherhithe} Maudslay 

1816 | Majestic go 24 Do. Court, Ramsgate Dixon 

1817 | Britannia 70 15 Southend Titterton, Stockwith Butterley Company 
1817 | London 70 14 Richmond Searle, Westminster Do. 

1817 | Sons of Commerce} 80 20 Gravesend Lafort, Blackfriars Do. 

1818 | London Engineer | 315 70 Margate Brent, Rotherhithe Maudslay 

1818 | Favourite 160 40 Do. Lafort, Blackfriars Boulton and Watt 
1818 | Victory 160 40 Do. Evans, Rotherhithe Dixon 

1819 | Eclipse 190 60 Do. Brent, Rotherhithe Boulton and Watt 
1820 | Diana 67 15 Richmond Evans, Rotherhithe Do. 

1821 | Venus 300 70 Margate Evans, Rotherhithe Do. 

1821 | Eagle 170 40 Ramsgate Brocklebank, Deptford Do. 

1821 | Albion 197 100 Margate Evans, Rotherhithe Do. 

1821 | Swiftsure 105 30 Gravesend Wallis, Blackwall Do. 

1821 | Hero 233 100 Margate Baukham, Medway Do. 

1822 | Sir J. Yorke 100 30 air carer } Joliffe and Co., Chester | Butterley Company 
1822 | Royal Sovereign | 220 100 Ramsgate Brocklebank, Deptford Do. 


Starlight, and Twilight, for the up-river 
service of the Iron Steamboat Company, being 
the first iron steamboats built on the Thames. 
It is interesting, in this connection, to note 
that in thus venturing to substitute iron for 
wood, Mr. Ditchburn was regarded by his 
professienal brethren as being out of his mind, 
but his subsequent great success in the appli- 
cation of the new material to steamboat con- 
struction, showed his possesion of that fore- 
sight and prescience which his would-be judges 
undoubtedly lacked. These boats were engined 
by Mr. John Penn with oscillating engines of 
24 nominal horse-power, and were so superior 
in hull and machinery to any previous river 


— 


felt, for in four days from the time of its opening, 
the train carried no less than 76,420 passengers. 

Still further competition with the steamboats 
and licensed watermen below bridge was 
brought about three years later, by the 
opening of the Blackwall Railway, in 
August, 1841, the time occupied in performing 
the journey from London—the Minories—to 
Blackwall, being nine minutes, the traction on 
this line being at the time on the wire-rope- 
hauling system. 

It is interesting to note that the number of 
passengers carried on the steamers between 
London-bridge and Chelsea on Midsummer- 
day, 1842, was upwards of 50,000, which com- 
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pares approximately with the 60,000 carried by 
the Thames Steamboat Company on the 
August Bank Holiday, 1896. 

The next important addition to the up-river 
fleet were the steamboats known as the 
‘Citizens.’ Eight of these boats, named 
after the letters of the alphabet, were built in 
1846 by J. C. Mare and Company at Black- 
wall, at the works now known as the Thames 
Iron Works Shipbuilding and Engineering 
Company. The first of these boats— Citizen A 
—which, with several others still in existence, 
after more than 50 years of service have been 
lately overhauled and fitted with new boilers 
by the Thames Ironworks Company. 

I know of no more remarkable proof of the 
old Thames tradition that vessels built at the 
Thames Iron Works can neither be sunk nor 
worn out than these ‘‘ Citizens,’’ some of 
which took part in our Review to-day; and 
when we remember that H.M.S. [Varvrior, 
the first ironclad built for H.M. fleet more than 
40 years ago, still proudly rides upon the 
waters, fit, with a little modernization, to go 
anywhere and do anything, the claim thus 
made for the good old Thames Iron Works is 
not lightly to be denied. 

In China every citizen is taught from child- 
hood to honour the virtues of his ancestors ; 
but what shall we say of our metropolitan 
mandarins, who for the last four years have 
united to heap disgrace and infamy upon these 
floating monuments of our forefathers’ enter- 
prise and skill. 

We must not linger over the history of the 
“long ferry’’ as it used to be called, but in 
the heyday of this service—from 1840 to 1850 
—every town and village on the river banks, 
from Gravesend to Hampton, possessed its 
own landing place, and the river had become 
one great highway for the conveyance of 
passengers by steam. Below bridge there 
were 23 steamers running to Gravesend, 28 to 
Greenwich and Woolwich, and ten between 
London and Herne Bay, Southend, Margate, 
and Ramsgate. 

The extension of the railroad system of 
transit westward, from London to Richmond, 
having soon followed the opening of the line to 
Gravesend, and the subsequent construction 
of the Victoria Embankment, and with it the 
London District Railway together, had a most 
prejudicial effect on the above bridge steam- 
boat traffic. The river itself grew fouler and 
fouler, till in 1878, when the appalling catas- 
trophe of the sinking of the Princess Alice 
took place in Woolwich Reach, when over 500 


passengers were drowned, and a blow was 
inflicted uponthe steamboat service, from which 
it has never since recovered. 

The London Steamboat Company shortly 
afterwards collapsed, and were succeeded by 
the River Thames Navigation Company, who, 
in turn went into liquidation in 1887. The 
Victoria Steamboat Association succeeded at 
the beginning of 1888, and continued till 1896, 
when they also had to go into liquidation. In 
1897, the present Thames Steamboat Company 
was formed, which purchased the fleet and 
properties of the Victoria Steamboat Associa- 
tion. Since that date the entire fleet has been 
overhauled; the boats in many cases have 
been practically rebuilt; and nine boats 
have been added to the fleet, either by purchase 
or by construction. 

It may be interesting at this stage briefly to 
summarise and classify the 36 boats which now 
constitute the Thames steamboat fleet. They 
have been built by the most famous shipbuilders 
and engineers in the United Kingdom, and 
represent the practical solution of a problem 
which has vexed many generations of 
those who have sought to utilise for the 
public service the highway of the Thames. 
The following are the various types which 
have been evolved during the last half-century 
of experience -— 

(1) Citizens A to G.—The first seven boats 
for the special service above bridge, built 
at the Thames Iron Works, Blackwall, in 
1846. They had no names only letters of the 
alphabet. Length 94 ft., breadth 13 ft. 41n., 
depth 6 ft. 6in., draught 3 ft. Engines common 
oscillating. Indicated horse-power 96. Speed 
g miles. These boats were repeated with 
slight modifications for thirty years. 

(2) Messrs. Westwood and Bailey.—Przucess 
Mary and Osprey. Raised after deck. Built 
in 1875. Length 131 ft., breadth 16 ft., depth 
7 ft. 3in., draught 3 ft. Oscillating engines. 
Indicated horse - power 130. Speed 11 miles. 
These boats were more like the Waterman 
steamers, a class commenced in 1841, of 
which the Thames Iron Works and Ship- 
building Company built four to run from 
London-bridge to Woolwich. 

(3) Messrs. Armstrong and Co.— Orlando 
and Rosalind. Raised after deck. Built in 
1885. Length 100 ft., breadth 14 ft., depth 6ft., 
draught 3 ft. 6in. Indicated horse-power 100. 
Speed 10 knots. 

(4) Messrs. Palmer and Co. — Princess 
Beatrice and Victorza. Built in 1885. Flush 
deck. Length 115 ft., breadth 16 ft. 5 in., 
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depth 6 ft. 3in., draught 3 ft. Indicated horse- 
power 100. Speed g knots. 

(5) Palm and Orchid. Built by R. H. Green, 
1890. Length 125 ft., breadth 20 ft. Number 
of passengers, 665. 

(6) Messrs. Samuda and Co. — Empress 
Frederick and five others. Built in 1891. 
Length 120 ft., breadth 16 ft., depth 7 ft. 3 in., 
draught 2 ft. 7}in. Indicated horse-power 120. 
Speed 9} knots. 

(7) The Thames Iron Works.—A lexandra, 
Boadicea, and Cleopatra. Built in 1898 
Length 120 ft., breadth 17 ft., depth 7 ft. 6 in., 
draught 2 ft. 7in. Indicated horse power 156. 
Speed 10} knots. 


PART II. 


Having thus briefly surveyed the history of 
the Thames Steamboat Company, let us next 
consider the special conditions to which this 
service is subject. 

In the first place, it must always be re- 
membered that the Thames is a tidal river, 
with a rise and fall of some 20 feet, and with a 
tidal flow often exceeding three knots an hour. 
It must further be noted that the bridges im- 
pose very strict limits of height upon the steam- 
boats, the height, e.g., at Westminster-bridge, 
above high water, not exceeding 12 feet. The 
Thames is also above bridges a river of 
shallows, so that the draught of the up-river 
steamboats has to be limited to 2 ft. 6 in. 
draft, and even less in the upper reaches of the 
river. 

The busy traffic of the river, notably in the 
pools below London-Bridge, and the barges 
and boats above bridge strictly limit the speed 
of the steamboat service. Under their original 
Act the Thames Conservancy limited the 
speed to seven knots an hour, but of recent 
years this question of speed has been left to 
the discretion of the captains of the steamers, 
upon whom is laid the responsibility of proving 
that they have not been exceeding a reasonable 
speed, as the wave created by the steamers 
when travelling at, say, six to eight knots per 
hour, is very considerable, leading to the wash- 
ing away of the banks and the swamping of 
row-boats lying under the willows at the river 
side. Any considerable speed in the upper 
reaches is quite impracticable. The com- 
modore of our fleet, who has had 51 years ex- 
perience of the river, has been summoned and 
fined for reckless navigation when travelling at 
about six knots, so that the dream of an 
express service Carrying passengers some 14 
knots an hour is one doomed to disappointment, 


and when the public and the press have 
awakened to the facts of the situation, they 
will realise that the existing type of steam- 
boat, which is the evolution of more than half 
a century’s experience, is not likely to be 
easily beaten even by electoral enthusiasm 
backed by the rates of London. 

The comparative merits of the paddle wheel 
and screw steamers for the Thames service, 
have been discussed for many a long year, 
especially by those who have enjoyed the 
security of irresponsible criticism, but the 
verdict of experience has always been in favour 
of the paddle for the up-river service. In the 
first place, screws require a greater draught of 
water than the Thames at present provides, 
and until a new channel is dredged, it is hope- 
less to expect a reasonable efficiency from the 
use of screws. Then again, the paddle wheel 
has a great advantage over the small diameter 
screw, alike for purposes of acceleration or 
retardation. The secret of the present service, 
with its frequent starts and stoppings, whether 
at piers or for the avoidance of the river traffic, 
is rapid acceleration and rapid retardation ; in 
this respect the efficiency of the paddle above 
the small diameter screw is probably at least 
5o per cent. 

How little the real difficulties of the situation 
have been appreciated is, I think, best proved 
by the suggestions for the improvement of the 
service, which have, during the last few years, 
flooded the metropolitan Press. It isimpossible, 
in the space at my disposal, even to refer to 
the numberless absurdities which have been 
pressed upon us by our irresponsible critics, but 
it may be well to give two typical illustrations 
of the counsel that has been proffered to us for 
the improvement of our fleet. The first is due 
to a genius who was honoured with many 
columns in the Zmes. Like most of our critics 
he preluded his own proposals by a magnificent 
attack upon the present management. He 
writes :— 

s“ It is extraordinary how unfortunate Londoners 
have been for many years past in the matter of water 
transit for passengers, and yet we have the chief river 
of the kingdom flowing through the centre of the 
City. It was not always so, and men hardly beyond 
middle age can remember when the steamboat service 
up and down the river, more especially between 
London-bridge and Gravesend, was the best in the 
world. Now, even where there is any service at all, 
it is the worst. 

“ The reasons are patent ; muddle and bad manage- 
ment account for all. Those who make excuses say 
it is railway competition or the pier dues. Below 
bridge railway competition is pretty nearly what it 
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was when down river traffic flourished, except that 
trains have grown less punctual with the lapse of time. 
Above bridge we have the District Railway, but who 
would travel by the District if there were a fast and 
commodious steamer handy ? 

“ That is just where the trouble arises. Boats that 
exist are neither fast nor commodious ; they are old, 
dirty, and worn out. In summer there is no shade, 
in winter no shelter. The cabins are dark and stuffy, 
boats are under-powered, and the means for landing 
and embarking passengers are inadequate. Little or 
no advantage has been taken of recent advances in 
engineering practice, nor of the many examples 
afforded by river traffic at home and abroad. 

“ There is only one way to re-establish the Thames 
passenger service. It is to scrap existing vessels and 
build faster, larger, and more handsome boats. A 
steamer of 140 feet on the water-line and 24 feet wide 
could be designed to seat 600 passengers (no larger 
crew would be needed than with the present craft), 
draw no more than 2 feet 9 inches, and steam 14 miles 
an hour easily. But, to do this, about 400 indicated 
horse-power would be necessary, or pretty nearly four 
times as much as is given out by the engines of exist- 
ing boats. There might be two saloons; one forward, 
for ladies and non-smokers, and one aft for smokers. 
These saloons would be spacious, airy, and well lit by 
large, almost continuous windows, that would give a 
cheerful view out. Well warmed in winter, well 
ventilated at all seasons, brightly decorated and com- 
fortably upholstered, these steamers would give a 
means of intercommunication such as does not exist 
at present. They would be costly, no doubt, but a 
high-priced vessel well filled is more likely to pay 
expenses than an empty cheap one. It is on this 
principle that the American steam service has been 
made to produce such wonderful results; it is by the 
opposite policy that Thames traffic has been destroyed. 

“« Where all is so primitive, naturally there are 
numberless other suggestions for improvement that 
could be made, but perhaps enough has been said to 
show the need of breaking up and selling as scrap the 
old iron that now so largely represents the once proud 
fleet of Thames passenger steamers.” 

The design proposed is in many respects 
similar to that of a steamboat, called the 
Norfolk, built by my company in 1893 for the 
Great Eastern Railway Company, but it is quite 
unsuited for the up-river service of the Thames. 
The dimensions, 140 feet length by 24 feet beam, 
are ridiculous. In the first place, long vessels 
are inconvenient to handle, and in practical ex- 
perience we have found that 120 feet of length 
is as much as can be managed in approaching 
the present Thames’ piers. The proposed 
steamboat was to be equipped with engines, 
indicating 400 horse-power, with their con- 
sequent cost of construction and consumption 
of coal, but so small a question as economy of 
runnin z was probably not considered as of any 


importance. The proposed steamboat was to 
travel 14 miles an hour, a prohibited speed on 
the upper river. She was to carry 400 
passengers in saloons on deck, but a vessel 
of these dimensions would carry over 900 
passengers. If the larger number of pas- 
sengers were carried, the draught 2 ft. 9 in. 
could not be maintained if the passengers 
were limited, the boat need not be nearly so 
large. To put the matter politely, the pro- 
posal was not practicable under any of the 
existing conditions of the River Thames. 

But greater technical authorities than Zhe 
Times have appeared against us. The 
Engineer, the world-renowned organ of the 
engineering profession, has conceived an idea. 
It is gravely placed before the public, in the 
last of a series of exceedingly able articles, to 
which I am indebted for the greater part of 
the historical survey contained in the first part 
of this paper. 

After quoting with approval the odsfer dictum 
of another expert— 

“If it were required to produce a vessel that bad a 
minimum of deck-room, of cabin accommodation, and 
of comfort for passengers, and a maximum difficulty 
of going through the contracted arches of bridges, 
no better example could be found than the Thames 
River steamboat.”’ 


The Engineer proudly proceeds to propound 
its own solution of the problem :— 

‘‘In conclusion, we may direct the attention of our 
readers to the main proposal of the London County 
Council scheme, viz., that the boats to be used shall 
be of the most improved type, adapted, we presume, 
to the special requirements of the river, more particu- 
larly for the above bridge traffic. If this is really 
intended, the most improved type of river steamboat 
at present in use is in no sense capable of answering 
those requirements. 

Most existing boats are paddle-wheelers, which, 
for up-river boats, at any rate, should be altogether 
eschewed as they are wanting in most of the qualities 
that should pertain to an efficient passenger boat 
intended for use in a restricted waterway or river 
crossed by many bridges, and navigated by all kinds 
of craft. 

The assumed dimensions are: Length, 120 ft., beam 
40 ft., depth under deck 6ft. Gin. The hull is of 
steel, propelled by four screws, two forward and two 
aft, fitted at the ends of two shafts, driven by 
horizontal compound high speed engines of suitable 
power. Such a boat being as it is double ended could 
be turned round in her own length if need be in three 
to four minutes, a matter of the first importance in a 
crowded river. Ample power could be put into her 
to drive her faster than any similar sized paddle- 
wheel steamers, and cabin accommodation would be 
provided for 800 to 1,000 passengers. It will further 
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be noted that this vessel is practically unsinkable, 
she being double bottomed, with her sides protected 
by watertight cells from end toend. Such a boat is 
considered by us as well suited for the navigation of 
restricted waterways, such as the upper reaches of the 
Thames, from the facility with which they would pass 
through the arches of bridges of even medium height 
and width; but it appears to us that the type could 
be as well adapted for below bridge traffic, on account 
of the ease with which it may be handled among 
shipping.”’ 

Such is the proposal of the Engineer, the 
leading engineering organ of the day; and 
of it may be said in its own words that its 
principal advantage is ‘‘the ease with which 
it can be handled,” even for the edification 
of the man in the street. 

I have had prepared a design in accordance 
with these proposals, and the result speaks for 
itself. 

We estimate that to propel such a vessel 
at ten knots speed would require at least 
800 to goo indicated horse-power, and to 
absorb this power five propellers of 7 ft. 
diameter would be required, with five separate 
sets of machinery, weighing at least 100 tons. 
Add to this ten tons of coal for the twelve 
hours service, and to this add 185 tons for hull 
and outfit, and 75 tons for the 1,000 passengers 
she could carry, we have 370 tons as the total 
weight to be carried. This could be done 
upon the proposed 7 ft. draught of water, 
but such a vessel could not be steered; 
the present Woolwich Ferry boats, it is well 
known, do not answer their helm, and have to 
be steered solely by the paddle wheels, which 
are made disconnecting, and as this is pro- 
posed to be a screw vessel, she would be 
wholly unmanageable, and no captain would 
undertake to navigate her against an ebb tide 
through any of the arches of the numerous 
bridges over the Thames, even if she could 
pass them, which may be seen from the 
drawing is impossible at high water, and at 
low water she would be aground if drawing 
more than 3 ft. of water. If her draught was 
limited to 3 ft. we should only have about 
210 tons of displacement, and making 
allowance for the reduced depth of hull, we 
should still require 110 tons more displacement 
than could be obtained on this limit of draught 
of 3ft. Even if the hull could be reduced to 
the requisite weight, we have still the difficulty 
of obtaining sufficient screw area to absorb the 
850 indicated horse-power, and we should 
require no less than thirteen propellers of 3 ft. 
diameter for the purpose, which I need not say 
is wholly out of the question, 


It may be enough to say that this boat would 
not pass through the Thames bridges even of 
medium height and width. There are a 
hundred other good reasons for despatching 
this design to the oblivion of forgotten failures ; 
but like the Captain in H.M. navy, who being 
reprimanded for not firing a salute on a certain 
occasion, replied with twenty technical excuses, 
winding up with a final apology that he had no 
powder; it may be sufficient to say that this 
type of boat cannot be placed upon the Thames 
until its bridges are done away with. 

The fact is that no true comparison can be 
drawn between the requirements of the Thames 
steamboat service and those of other famous 
rivers. To make this clear, I have obtained 
from the managers of the steamboat companies 
of the principal river steamboat services of the 
world, particulars which I think will make 
this point clear even to the most embittered 
opponent of the existing Thames service, and 
for the provision of which I desire to take this 
opportunity of tendering my most grateful 
thanks to the many gentlemen who have kindly 
placed their information at my disposal. 

1. Zhe Clyde.—The Clutha Ferry Boats run 
a distance of about three miles. Their 
principal dimensions are 8o ft. by 8 ft., witha 
draught of 3 ft. 6in. Their engines indicate 
20 horse-power, and develop a speed of nine to 
ten knots. Each boat carries from 250 to 300 
passengers, and the total number of passengers 
carried during the year is about 3,000,000 
people. The rise and fall of the tide is about 
10 ft. The fare charged is a penny for the 
three-mile run. 

2. Zhe Setne.—The number of boats run- 
ning daily varies from 50 to 100, according to 
season. These boats are g8ft. 6in. long and 
14 ft. gin. in breadth. Their capacity is for 
275 to 400 passengers. Engines of 80 to 120 
horse-power, speed 17 kilometres perhour. No 
tide in the part of river worked. The number 
of passengers carried was 42 millions in year 
1900. Tariff is 10 centimes week days and 20 
Sundays and holidays. 

3. Lhe Danube.—There are two companies 
on the Danube, the Danube Steam Naviga- 
tion Company and the Hungarian River Sea 
Navigation Company. The Danubian Steam 
Navigation Company has a fleet of over 50 
vessels, of which ss. Sas may be taken as 
a type; length 175 ft., breadth 26 ft., depth 
8 ft. The passenger capacity is about 800. 
The engines indicate 460 horse-power and 
develop a speed of 14 knots. The last returns 
for 1892 show the following traffics; 1892— 
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Passengers, 3,271,352; goods, 1,830,374 tons. 
Since 1892 it is reported that there has been an 
increase in the goods traffic, but a decrease in 
the passenger traffic owing to the competition 
of the electric railways that have in the mean- 
time been built. The Hungarian River and 
Sea Navigation Company—the four principal 
boats of this company are the Francis Joseph, 
Queen Elizabeth, Count Stephen Szecsenyt, 
and the francis Deak. They are in length 
246 ft., breadth 25 ft. 3 in., draught 4 ft. 6 in. 
Indicated horse-power 800, speed 21 knots. 
Number of passengers 1,000. 

4. The Nile.—This service is maintained 
by Messrs. Cook, who have six passenger 
steamers of 200 ft. in length and 28 ft. in 
breadth, indicating 600 horse-power, and 
developing a speed of 11 miles; four steamers 
of 140 ft. length, 28 ft. breadth, indicating 
400 horse-power, and developing a speed of 
11 miles; four steamers of 120 ft. length by 
16 ft. breadth. 

5. The Bosphorus.—This service is con- 
ducted by the Chirket-Haires Company. Their 
most recent vessels have been constructed by 
the Thames Shipbuilding and Engineering 
Company. Their general dimensions are: 
length, 170 ft.; breadth, 21 ft. 2 in.; draught, 
5 ft. 6in. The engines indicate 600 horse- 
power, and develop 13 knots. 

6. The Hudson. 

7. Lhe Alsten.—Hamburg. 

8. The Tagus.—This service is maintained 
by the North Eastern Railway of Portugal. 
The most recent boats, the Dom Auguste 
and Dom Alfonso, were built by the Thames 
Shipbuilding and Engineering Company. The 
dimensions of the former, which is typical 
of the rest of the fleet: are, length 163 ft., 
breadth 18 ft., draught 4 ft. 6in. The engines 
indicated 322 horse-power, and developed 14 
knots speed. 

g. Stockholm. 


PART III. 
Having thus, 
** With one extensive view 
Surveyed the world from China to Peru,” 

we come to the more immediately practical 
question, ‘‘ What remains to be done for the 
perfecting of the existing steamboat service ?”’ 

I admit freely that the service is capable 
of extension. If we had a larger fleet, we 
could run a more frequent service—five minutes 
instead of ten minutes in the central section, 
and ten minutes instead of thirty minutes in 
the outer sections. 


I do not think that the present type of boat 
for the up-river service is like!y to be greatly 
improved. I have prepared a model of a screw 
steamboat which might be introduced upon 
the below-bridge sections of the river, provided 
that the existing piers could be considerably 
modified. It is not probable that under 
existing conditions, the service will be made 
much more regular than it is at present; it 
will not be desirable that the existing fares 
should be reduced. 

But the service may be made more frequent 
with advantage—that means more steamboats, 
and consequently more money at our disposal 
for the construction and maintenance of a 
larger fleet. 

At a cost of say £200,000 the existing fleet 
might be doubled, and the service to that 
extent be rendered more frequent and conse- 
quently more popular. 

The Thames steamboat service is essentially 
a pleasure rather than a business service; the 
number of business-passengers may be con- 
siderably increased by a more frequent summer 
service, but I am personally of opinion that a 
regular winter service is not likely to be used, 
even if it were provided. The following figures, 
which have been collated from our four years’ 
experience, show clearly I think that the 
steamboat service is essentially a summer 
service, and especially a pleasure service. 

Average number of passengers carried each 
day in week over the four years, 1897-1900 :— 
Sundays, 28,300; Mondays, 23,000; Tuesdays, 
16,800; Wednesdays, 15,500; Thursdays, 
13,700; Fridays, 12,600; Saturdays, 20,100. 

Average number of passengers. carried 
monthly over the four years 1897-1900 :— 
March, 25,024; April, 300,692; May, 320,984; 
June, 528,107; July, 664,583; August, 682,578 ; 
September, 339,840. 

It is true that in thus limiting the possibilities 
of a Thames steamboat service I am opposed 
to a great mass of public opinion, which during 
the last few years has been greatly stirred on 
this question of the proper development of the 
highway of the Thames. 

The old men of the London County Council 
have seen visions and their young men have 
dreamed dreams. Rapt in ecstasy they have 
annihilated the material limits of time and 
space. Economy has been banished to Saturn, 
and the existing fleet has been doomed to the 
scrap heap. They have pictured the silver 
stream of Father Thames crowded with 
majestic steamers packed with perpetual 
passengers, speeding at fourteen knots an 
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hour past innumerable piers. They have 
imagined floating palaces of crystal, which 
winter and summer alike shall pursue their 
punctual round. Mesmerised by statistics, 
which as we know can never lie, they have 
published to an admiring London a scheme 
which depended for its financial possibility 
upon the carrying of an average of 80,000 
passengers upon every day of the year, winter 
and summer alike. 

The vision was indeed sublime, but alas in 
this naughty world, there is but one step from 
the sublime to the ridiculous, and an 
unimaginative Committee -of the House of 
Commons has ruthlessly destroyed a scheme 
which was worthy of the inspired imagination 
of Jules Verne. 

But there is still abundant opportunity for 
the London County Council to take part in 
the revival of the glories of the Thames. We 
of the Thames Steamboat Company most 
sincerely desire their co-operation. They have 
during the last four years by their maledictions 
effectually frightened the shy Oof-bird from 
the banks of the river; surely they should now 
make the ‘‘ amende honorable ’’ and assist to 
develop the service which they have done so 
much to depreciate. 

For this very purpose more than four years 
ago, I purchased the Thames Steamboat fleet ; 
I desired to give an object-lesson of the 
advantages to be derived from the combination 
of public and private enterprise. There is no 
more pressing problem awaiting solution than 
the determination of the true relations which 
should exist between public bodies and private 
companies. 

In America the shadow of colossal private- 
trusts begin to darken the land; the dangers 
of the undue extension of private enter- 
prise are apparent to all, but the remedy 
is not so immediately obvious. In England 
the undue extension of municipal enterprise 
threatens almost equally disastrous results. 
The London County Council is becoming a bogey 
of the first magnitude ; not because the citizens 
of London dislike democratic government, not 
because there is any trace of Tammany in 
the Council’s constitution, but because it is 
obviously attempting tasks beyond its strength. 
One of the ever present dangers of inexperience 
is undue self-confidence. The London County 
Council declare themselves willing to take over 
powers which they are painfully unfitted to 
exercise ; they are prepared to run a steamboat 
service regardless of the rates, but they do 
not appreciate the elementary difficulties by 


which the whole problem is conditioned. They 
are equally prepared to take over the adminis- 
tration of the Port of London and the Docks, 
though they have not the smallest experience 
of one of the most tangled and difficult 
problems of modern industrial enterprise. 
They are prepared to administer the Water 
Companies of London, and have sought Parlia- 
mentary powers for a gigantic scheme for 
bringing water from Wales. Upon the merits 
or demerits of this proposal I do not enter to- 
night, but it is obvious that it must involve a 
most magnificent expenditure of public rates. 
And so the list might be extended ad infinitum. 

The fact is that the London County 
Council must be saved from itself; nobody 
doubts the good intentions with which it 
is inflated, but these must be ballasted 
with the inexorable logic of facts. To 
this end it is well that public control should 
be harnessed with private enterprise. By such 
a combination both are twice blessed; public 
control will look after the comfort of its 
constituents, while private enterprise will 
safeguard the financial stability of what is 
undertaken. Such a partnership, like matri- 
mony, bestows a double benediction; the 
losses are halved and the gains are doubled. 
Impossible schemes are tested in the scales of 
responsible government, and being found 
wanting are placed on one side. The rights 
of the public are secured, while the interests of 
the individual are not forgotten. 

Here then is the conclusion of the whole 
matter—Combine, Combine, Combine. 


DISCUSSION. 


The CHAIRMAN said he was old enough to re- 
member going to old Blackfriars-bridge in about the 
year 1828, proceeding down the stairs, and taking a 
wherry as the means of getting from Blackfriars to 
Westminster. He also remembered many of the 
steamers which had been mentioned inthe paper. Mr. 
Hills spoke of Fulton, in 1811, as the pioneer of steam 
navigation. It might be of interest if he stated that 
the cylinders, the air pumps, and the condensers used 
by Fulton on the Hudson were made by Boulton and 
Watt at Soho. He wrote a communication to the 
Institution of Naval Architects about three years ago 
on the subject, which was embodied in their ‘‘ Proceed- 
ings.’? Mention had been made of the Thames having 
a funnel like a mast. The two early screw steamers, the 
Lord John Russell and the Robert Peel, which used to 
trade from a wharf near St. Catherine’s, were built in 
that way. He also remembered as a boy the London 
Engineer, the City of Canterbury, and the Venus, 
in which the paddle-wheels were driven by spur 
gearing, There was also the Little Western, with 
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beam engines and horizontal cylinders and the beams 
working vertically. The Thames Shipbuilding Com- 
pany in years gone by built the magnificent success- 
ful vessel the Himalaya. Among the early iron 
vessels the Prince of Wales was regarded as a wonder, 
because when the launch took place the wharf gave 
way, and the ship was suspended with her stern 
upon the bed of the river, and her nose upon 
the ways, but she remained absolutely uninjured. 
Water-tube boilers were a subject of interest at the 
present day. Among the up-river steamers were 
those made by Spiller, of Battersea, who used 
water-tube boilers. He did not pretend to 
know whether paddle-steamers or screw-steamers 
were better for the Thames passenger service, but 
there was nothing more interesting than the wonderful 
way in which the captains of the paddle steamers 
brought their vessels, with the tide running down 
nearly three knots an hour, alongside the pier as if 
they were going against stream. He had come down 
the Rhine on a steamer, but the captain when he 
wanted to come alongside the pier carefully turned 
the boat round and put the head up stream in order to 
do it. In the old days the captain had a call boy, but 
now a tube had taken his place, and the captain 
simply using his hands to make signals brought the 
boat in the most admirable manner up to the pier, 
even with a rapid tide behind him. It was marvellous 
navigation. The bends of the river had been referred 
to by the reader of the paper. The biggest bend 
was just opposite Greenwich, at the Isle of 
Dogs. The canal portion of the West India Dock 
lying right across the neck was made as the 
City Canal for ships to go through in order to avoid 
the bend of the river opposite Greenwich. It had been 
suggested that the proper place for the piers was at 
the bridges, first, because the bridges could always 
be got at, and people knew where they were; and, 
secondly, because it was a very good place in the 
river to have a pier. That plan was carried out at 
Hammersmith-bridge, and was most convenient. 
With regard to the want of headway at Westminster- 
bridge, he remembered the compromise which was 
made there. The Houses of Parliament were built 
very low down on the bank, and a great effort was 
made, in the interests of the architectural beauties of 
the Houses of Parliament, to have the bridge removed, 
and replaced by one bridge up above, where the 
Lambeth-bridge now was, and another one below. 
However, a compromise was carried out, and West- 
minster-bridge was made as low as possible, so that 
the view of the Houses of Parliament was not too much 
shut out. The thickness of the structure of the road 
way was also minimised to such an extent as to make 
it almost dangerous ; in fact, no one ought to take a 
steam-roller over the bridge at the present day. The 
headway at Westminster stood in the way of all great 
improvements with regard to river navigation. 


Mr. G. C. MACKRow said he was responsible, as 
naval architect to the Thames Ironworks, for the 


last three vessels placed upon the river. Every 
possible consideration had been taken into account in 
their design. Mr. Hills first of all suggested a 14- 
knot steamer in order that the boats might keep well 
ahead on boat-race day, but the various officials of the 
company thought it was a pity to handicap the vessel 
for twelve months simply for one day’s speed. It 
was also suggested that the boats should be made 
longer, but it was found absolutely impossible to 
carry the suggestion out owing to the difficulty of 
getting them to and from the piers. If the boats 
were not cleared rapidly from the piers, it was im- 
possible to keep time, one of the great complaints 
made against the present system. Some of the 
suggested steamers were absurd because of their 
height; it would be impossible to get them under 
Westminster-bridge at high water. The designers 
in many instances forgot the particular circumstances 
of the tides at Westminster. The length of the 
boat was limited by the barges, the draught was 
limited by the fall of the tide, and the height above 
the water was limited by the bridges. Again, in 
order to increase the speed, the displacement had to 
be increased. That could not be obtained in the 
length, so it had to be placed on the width, which 
meant an increase of power in the driving engines. 
The whole question was beset with difficulties, 
such as were found in no other river in the world. 
He had no wish to say a word against the proposals 
of the County Council, but it was evident they came 
from people who had not rightly studied the question. 
The last three boats which had been built of the 
Alexandra type could not be improved upon, being 
replete with every comfort, running at a greater speed 
than the old vessels, and containing much more 
room. 


Mr. MARTIN Woop said that having resided 
abroad on returning to England and looking at the 
Thames he was astonished to find that the river was 
so ill-used and its facilities run to waste; this before 
Sir Frederick Bramwell’s notable lecture at the Royal 
Institution, where he showed more emphatically than 
ever before what a reproach it was that commercia! 
and industrial London should be so much divided, as 
if the vast populations east of London-bridge was 
working and trading on two separate islands. He (Mr. 
Wood) had been guided in his opinions by those of Mr. 
Ellis May, the civil engineer and naval architect, who 
had said that the steamboats on the Thames were a 
disgrace to such a navigable river as the Thames. The 
boat seemed to have been designed with a view to 
discomfort. The hull of the boat was copied from a 
river barge, and the upper part, the passenger accom- 
modation, was devised by some one of the jerry- 
builder type. The difficulty of the rise and fall of 
tide for heavy traffic had been overcome by Mr. 
Ellis May, who had designed moving platforms, 
which, combined with bulwarks fitting to them on 
the side of the steamboats, gave a level surface 
backwards and forwards, at all times and states of 
the tides, 
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Mr. JAMES F. SMITH said that last season he tcok 
a penny fare on one of the Thames steamboats to a 
pier near the Temple. On coming to the pier, and 
finding he was the only passenger to go ashore, the 
collector said to him, “Sir, you will cost the 
Company 6d. if you land here ; do you particularly 
wish to land?” He replied that he would be very 
sorry to cause the Company a loss of 6d. for his 
penny fare, so he went on to the next pier. It 
seemed to him that if such an arrangement was 
forced upon any commercial company by the powers 
that be, whether the Thames Conservancy, the 
County Council, or the City Corporation, it dis- 
couraged any steamboat company from giving facilities 
to the public, and he did not see how it was possible 
for it to prosper under such conditions. The same 
remarks apply to the heavy traffic of the river. At 
Teddington there was only one lock, and barges often 
had to wait two hours before they could get through, 
which must result in aloss to commercial men. He 
considered the authorities should do all they could to 
facilitate business and not block it. Two locks 
should be made if necessary instead of one so that 
barges were not prevented from losing the tide, thus 
causing great expense to their owners. 


Mr. J. E. MATTHEWS said that, although he held 
no brief for the County Council, he was lately a 
member of that body and of the Rivers Committee, 
and had had a good deal to do with the preparation 
of the County Council’s scheme referred to in the 
paper. He had had 37 years’ practical experience 
as a navigator in many capacities, and contended that 
Mr. Hills had simply placed before them bogey 
steamers. Steamers on the Danube, the Hudson, 
and the Clyde, had nothing whatever to do with the 
question, and were apt to be misleading; no one with 
any knowledge of the subject would for a moment 
suggest that they were suitable for navigation on the 
Thames. But there were other types of boats in use 
at the present time, which had not been brought 
forward. He considered the passenger steamer 
service on the Elbe the best he had ever seen, and 
steamers of that type running from below West- 
minster-bridge as far as the Commercial Docks, 
would be very suitable for the Thames. The boats 
were twin-screws, and turned exceedingly rapidly. 
The Elbe, so far as traffic was concerned, was very 
analogous to the Thames. The passenger traffic of 
the Elbe was successful on account of its frequent 
service, for as soon as one boat left the pier another 
took its place. If such a service was adopted on 
the Thames he believed the steamers would again be 
used by business men. The canal referred to by the 
Chairman was constructed by the City Corporation, 
which, before it gave the canal a fair trial, handed it 
over to the West India Dock Company. It then 
becatne a timber dock, and was afterwards converted 
into the new dock. 


Mr. ALEXANDER WILSON thought the Thames 
Steamboat Company was in error in using the old 


oscillating engines. On the Nile boats, compound 
engines, working at a pressure not of 60 or 80 lbs., 
but of 150 lbs. were in use. He was aware that 
the Thames was a most difficult river to navigate for 
passenger trafic on account of the neglect of the 
Thames Conservancy in not keeping the river up to 
the requirements of the present day, in many cases 
3 ft. being the maximum draught. He did not think 
the up river boats would be able to run any faster 
than they did at present, because the proprictors of 
the boat houses even now said that the steamers went 
too fast. Even below Woolwich it was impossible to 
go at a good speed on account of the large displace- 
ment of water. He thought Mr. Hills should not 
have assumed the standpoint he had taken. He 
seemed to have suggested that he had reached 
perfection. He should have said ‘That is 
what I am trying to do, but next year I 
promise you I will do something better, and 
that I will always keep up to the mark.” There 
ought to be no difficulty in maintaining a fast 
five minute service between London-brdge and 
Woolwich with a small screw steamboat. If such a 
service was instituted he believed the number of 
passengers carried would surprise Mr. Hills, because 
both the railway and tramway service were bad. 


Mr. AUSTIN DoE said that every one would be 
very glad to see a five minute service between 
London-bridge and Woolwich, but the present railway 
service, which must necessarily go faster than any 
steamer, found it necessary to run only a three-quarters 
of an hour service. It was scarcely likely that going 
round the large bend of the river any good would be 
forthcoming through instituting a five minute service. 
He very heartily endorsed the Chairman’s remarks 
with regard to the splendid manner in which the 
boats were navigated. When the present race of 
captains died out it.would be impossible to find men 
so well acquainted with the navigation of the Thames 
who could safely take the boats over such a difficult 
route. In the latest boats designed the funnels were 
made of what was thought to be the maximum 
height for Westminster-bridge, but trouble arose from 
another bridge, and the funnels had to be cut down 
3 feet. The gentleman who had suggested screw 
boats must have lost sight of the question of the 
immersion of the screw. On the Surrey side of 
London-bridge he had known a boat drawing less 
than 2 feet of water unable to come alongside the 
pier, and no screw boat had yet been built which 
drew only two feet of water. 


Mr. HILLs, in reply, said the dues which the 
company had to pay of 6d. for every call formed a very 
heavy tax on its finances, the company paying from 
£5,000 to £6,000 a year out of a total income of 
£30,000 under that head alone. Roads were now 
free, being repaired at the expense of the ratepayer, 
but there was no expense of repairing the river, and 
yet a heavy tax was put upon the steamboats which 
plied upon its waters. The very small boats with 
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small accommodation running on the Elbe were not, 
in his opinion, suitable for the Thames. If a five- 
minute service was adopted, he doubted very much 
whether sufficient passengers would be available ; 
at all events, his experience had been that if a 
certain service of steamers was run to the piers and 
there was a boat large enough to take from 200 to 300 
passengers that there would be a great deal more 
accommodation than passengers. In order to run a 
five minutes service six times the number of boats 
would be required, which would add enormously to 
the expense. It was a question of hitting the happy 
mean. He could not accept the suggestion that it 
would be possible to run a five minutes service com- 
mercially. He aimed at a quarter of an hour service be- 
tween London-bridge and the parts below Woolwich 
with boats carrying from 200 to 300 passengers. The 
reason compound-engines were not used was that it 
had been found from the experience of the Thames ser- 
vice that the oscillating engine was the most handy 
engine which could be devised. The captain standing 
on his bridge could handle his boat just as easily 
as a bicyclist in heavy traffic could handle his 
bicycle. In his opinion it was the most useful 
engine which had been introduced in the engi- 
neering world. Compound-engines were much more 
unhandy for rapid alterations. The engines in the screw 
boat he had exhibited which would have a greater 
depth of water, would be vertical triple expansion 
engines working with 200 lbs. of steam from tubular 
boilers, and might be regarded as the most advanced 
development of marine engineering. Up to the 
present date it had been impossible to adopt a screw 
engine for the Thames service for the simple reason 
that screws would not be available until the piers, over 
which the Company had no control, were altered. 
It would probably be said in the Press that the 
recent agitation of the County Council had produced 
the phenomenal development of the Thames Steam- 
boat Company in the Review just held. As a matter 
of fact the boats were the same boats and in the same 
condition as those plying upon the river in 1898, and 
the service was practically the same to-day as it was 
three years ago. That service would not be altered until 
the introduction of capital was obtained, which would 
not take place until permanent relations had been 
established with.the London County Council, and the 
London County Council had given up its intention of 
opposing the Steamboat Company. He wished 
particularly to thank the Chairman for having done 
him the honour of presiding over the meeting. 


On the motion of the CHAIRMAN, a vote of thanks 
was unanimously accorded. 


Miscellaneous. 
a 
THE GOOSE TRADE IN BERLIN. 
The domestic goose holds about the same honoured 


place in the nutritive economy of Germany that the 


turkey does in this country. It is the standard luxury 
of the German people, and during nine months of the 
year forms the principal feature of the table at festive 
as well as everyday entertainments. Although every 
German village has its flock of geese, and notwith- 
standing the great numbers that are bred and fattened 
at farms along the banks of rivers, ponds, and small 
lakes, the home-grown supply falls far short of 
the constant demand, leaving a large deficit to 
be filled by importations which come mainly from 
Russia. The season for this traffic is at its highest 
in October in each year, and the receipts of Russian 
geese at the Rummelsburg station in the south- 
eastern quarter of Berlin, average at this period, 
according to a recent report by the United States 
Consul-General at Berlin, about 15,000 daily. A 
special goose train of from fifteen wagons on ordinary 
days to thirty-five or forty wagons on Mondays, 
bring the birds from the Russian frontier. The 
wagons are specially built and arranged for this 
service and carry each about 1,200 geese. Im- 
mediately after arrival the entire train load is 
inspected by a corps of sanitary officials. The 
fat geese are then distributed among the dealers 
and market people, while the others— and these 
include the vast majority — are sent to be fattened 
at farms and feeding establishments in the 
outlying districts. The inspection is exceed- 
ingly rigid. If a single goose dies en route, 
or is found to be ill with any disease that can be 
communicated to others, the whole wagon-load is 
placed in quarantine for a period of eight days. 
Should another goose die during this period, the 
whole load is kept in quarantine eight days longer at 
a cost of about 2,000 marks (£100), whereby the loss 
of the owners become so enormous that he is driven 
to the most extreme care and precaution in all future 
operations of the same kind. This is the real object 
of the system—to make the penalty of introducing 
diseased birds so severe as to render such practices 
ruinous to the perpetrators. In certain cases where 
the evidence of neglect or infectious disease is not 
conclusive, the geese are taken to the city abattoir 
and killed under supervision of the sanitary police, 
after which such as are found to be free from discase 
are released for sale at a special auction held 
in the central market-hall, whence the trade 
name “‘auction-geese” which applies to those 
which have been slaughtered under police super- 
vision is derived. Those which show no trace 
of disease but have been unavoidably injured in 
transit, and are otherwise in good condition are 
called ‘‘ Bracken,’ and are sold to certain dealers 
who retail them for reduced prices at a special 
market besides the great market place, where the 
poorest and most frugal Berliner can find something 
adapted to his purse. The aggregate wholesale 
traffic in geese, at Berlin, amounts annually to nearly 
£400,000. To the ordinary observer all geese are 
very much alike, but the expert dealers in Berlin 
divide the Russian birds into twenty-one different 
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breeds and categories, which command in the Berlin 
market at the period when the trade is at its height, 
according to species, age, size, and condition, whole- 
sale prices varying from Is. 10d. to 2s. 6d. each. The 
prices advance with those of other poultry, as the 
season lengthens from autumn into winter, the height 
of the season being just before the Christmas holi- 
days, when goose in every form, from the plain 
‘‘ Gansebraten ” of the labouring classes to the ‘‘ paté 
de foie gras” of the epicure dominates the dinner 
tables throughout Germany. 


Correspondence. 
a en 


PATENT-LAW REFORM. 


Mr. Siemens’s paper is an admirable exposition of the 
state of the Patent-law question, and will, no doubt, 
be generally accepted as such if the drastic proposals 
with regard to the inventor as opposed to the maker 
be withdrawn. No wonder the inventor finds difficulty 
in collecting royalty if the representative of such good 
workmen as Messrs. Siemens takes up this attitude. 
The trouble is that the power of collecting the 
increase of wealth created by an invention is 
frittered away by manufacturers combining against 
a patent or not combining in its favour. I am 
much more hopeful since reading this paper and 
hearing the discussion upon it, that the work- 
ing of the Patent laws will be improved, because 
it must now be recognised that it is the manu- 
facturer who is taking up the position of ob- 
structionist. My idea of a perfect Patent-law 
basis is this. The inventor shews how to make 
capital The patentee creates the means of 
collecting the capital. The user makes the capital. 
The manufacturer makes the instrument. All 
that the patentee demands is that the capital 
which he shews how to make should be utilised 
in the most reproductive way, namely, first, in 
enabling the inventor to continue inventing and 
creating capital. The inventor recognises that 
his work is the result of many men’s work, and 
he recognises that it is to his interest, and to that of 
the community, to encourage the manufacturer. For 
this purpose he is quite prepared to allow the dond- 
fede manufacturer a large share in the profits. 
That I take to be the basis of a sound Patent-law, 
and I commend it to Mr. Siemens as a statesmanlike 
principle upon which to act. I write as one who has 
had to contemplate bearing a responsibility similar to 
that held by Mr. Siemens. It appears from the dis- 
cussion that the interests of the inventor and com- 
munity are being well guarded by the gentlemen who 
are framing the Patent-law amendments. <A bad 
Patent-law worked and administered in the true spint 
is much better than a good law badly worked. 


REGINALD Woop. 


CLOCKS, CARILLONS, AND BELLS. 


As additional discussion of ‘‘Clocks, Carillons, 
and Bells,” I submit that there are at least 
two clocks with larger dials than those of Toronto 
City Hall—one in Minneapolis, Minn., with dials 
22 ft. 8in. diameter; the other the Philadelphia City 
Hall clock. Here are some figures relative to the 
latter, taken from an article by Warren S. Johnson, 
in the Journal of the Franklin Institute, February, 
1901: diameter of dials, 25 ft.; height above pave- 
ment, 362 ft.; length of minute hand, 12 ft.; width 
of hour hand at centre nearly 2} ft.; total weight of 
hands and counterbalances, 1 ton. Motive power of 
same compressed air. Compressors in quadruplicate, 
two electric and two hydraulic. Illumination 
of faces by 600 electric lights with reflecting 
sheets. Weight of the four dials, their reflecting 
sheets and supporting frame-work, 48 tons. Time- 
piece, an astronomical clock, located in a dust- 
proof room 200 ft. below the dial-room. The tem- 
perature of this clock-room is 75° Fahr. with 
maximum variation of 1°. 

A. O. GRANGER. 

Cartersville, Ga., April 16th, 1900. 


Obituary. 
—_—_<——_ 


JoHN CoRBETT.—Mr. Corbett, who had been a 
Member of the Society of Arts since 1854, died at 
his residence, Impney, near Droitwich, on Monday 
evening, 22nd ult, at the age of 84. Mr. Corbett 
was influential in the re-establishment, on a sound 
commercial basis, of the salt industry of Worcester- 
shire. He founded the hospital at Stourbridge which 
bears his name, and supported many other philan- 
thropic institutions in the Midlands. In 1868, he 
unsuccessfully contested the borough of Droitwich 
against Sir John Pakington (afterwards first Lord 
Hampton). Six years later he was returned, and he 
remained in Parliament till 1892. 


General Notes. 


— ——— 

EXHIBITION OF MODERN ILLUSTRATION. — This 
Exhibition, now being held in the Galleries of the 
Indian Section (Imperial Institute-road) of the 
Victoria and Albert Museum, will be closed on the 
4th of May next. 


MEETINGS OF THE SOCIETY. 
ORDINARY MEETINGS. 
Wednesday evening, at Eight o’clock :— 

May 8.—“ School Work in Relation to Busi- 
ness,’ By SIR JOSHUA FITCH, LL.D. SIR OWEN 
ROBERTS, M.A., D.C.L., will preside. 

May 15.—“ Syntonic Wireless Telegraphy.”” By 
GUGLIELMO MARCONI. 
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May 22.—“ Testing and Training Distant Vision, 
with special reference to Military Requirements.” 
By R. BRUDENELL CARTER, F.R.C.S. 


INDIAN SECTION. 

Thursday afternoons, at 4.30 o’clock :— 

May 16.—‘ The Town and Island of Bombay— 
Past and Present’? By L. R. WINDHAM FORREST, 
formerly Chairman of the Bombay Chamber of 
Commerce. Sır GEORGE BIRDWOOD, M.D., 
K.C.IL.E., C.S.I., will preside. 

The meeting will be held at the Imperial Institute. 


COLONIAL SECTION. 
Tuesday afternoon, at 4.30 o’clock :— 
May 7.—“ The Coal Problem—its Relations to the 
Empire.” By LIEUT. CARLYON W. BELLAIRs, 
R.N. Lord BRASSEY, K.C.B., D.C.L., will preside. 


APPLIED ART SECTION. 

Tuesdays, at 4.30 and 8 o’clock :— 

May 21 (at 8 o’clock).—‘‘ The Rise and Develop- 
ment of Egyptian Art.” By ProFgessor W. M. 
FLINDERS PETRIE, D.C.L. SIR JOHN EVANS, 
K.C.B., F.R.S., Chairman of Council, will preside. 


CANTOR LECTURES. 
Monday evening, at 8 o’clock :— 


SIR WILLIAM CHANDLER ROBERTS-AUSTEN,: 


K.C.B., F.R.S., and T. KIRKE ROSE, D.Sc., 
« Alloys.” 
LECTURE III., By Dr. RoSE.—May 6. 
The present state of photo-micrographic work in 
connection with metals and alloys. 


HOWARD LECTURES. 
Friday evening, at 8 o’clock:— 
ALFRED C. EBORALL, M.I.E.E., ‘‘ Polyphase 
Electric Working.” 


LECTURE III.—MAY 10. 

Polyphase induction motors: standard construc- 
tions and feaures of design—The construction, appli- 
cation, and limitations of the Heyland diagram for 
polyphase induction motors—Examples taken from 
practice. 

*,* A theoretical knowledge of the subject on the 
part of those attending the above lectures is assumed. 


MEETINGS FOR THE ENSUING WEEK. 


Monpay, May 6..SOCIETY OF ARTS, John-street, 
Adelphi, W.C., 8 p.m. (Cantor Lectures.) Dr. 
T. Kirke Rose, “ Alloys.” (Lecture III.) 

Royal Institution, Albemarle-street, W., 5 p.m. 
General Monthly Meeting. 

Engineers, in the Theatre of the United Service 
Institution, Whitehall, S.W., 7} p.m. Mr. T. B. 
Grierson, ‘‘ The Treatment of Low Grade Iron 
Ores for the Smelting Furnace.” 

Chemical Industry (London Section), Burlington- 
house, W., 8 p.m. 1. Dr. F. Mollwo Perkin, 
“ Action of Caustic Potash and Soda on Stannous 
Sulphide.” 2. Messrs. John Youl and R. W. 
Griffith, “The Relative Leather-forming Value of 
the Different Tanning Materials: their Specd o! 


Tanning, with Notes on the Quality.” 3. Mr. W. 
Ceci] Jones, ‘The Need of Greater Care in intro- 
ducing Gas-Firing into small Gasworks.” 4. 
Messrs. R. F. Wood Smith and R. L. Jenks, 
‘ Arsenic in Coal and Coke.” 

British Architects, 9, Conduit-street, W., 8 p.m. 
Annual Meeting. 

Victoria Institute, 8, Adelphi-terrace, W.C., 4§ p.m. 
Mr. Ernest Newlandsmith, “The Sacrament of 
Divine Art.” 

East India Association, Westminster Town-hall, 
3} p.m. Mr. J. D. Rees, “Famine, Facts, and 
Fallacies.” 

Biblical Archæology, 37, Great Russell-street, W.C. 
8 p.m. 

Tusspay, May 7...SOCIETY OF ARTS, John-street 
Adelphi, W.C., 4} p.m. (Colonial Section. 
Lieut. Carlyon W. Bellairs, ‘ The Coal Problem-- 
Its Relations to the Empire.” 

Royal Institution, Albemarle-street, W., 3 p.m. 


Dr. <A. Macfadyen, “Cellular Physiology, 
with Special Reference to the Enzymes and 
Ferments.’’ (Lecture IV.) 


Pathological, 20, Hanover-square, W., 8} p.m. 

Zoological, 3, Hanover-square, W., 4p.m. 1. Mr. 
G. W. Peckham and Mrs. E. G. Peckham, ‘‘ The 
Spiders of the Family 4 /¢:d@ found in Jamaica.” 
2. Mr. P. Cameron, ‘‘ The Hymenoptera collected 
during the ‘Skeat Expedition’ to tho Malay 
Peninsula, 1899-1900.” 3. Mons. Eug. Simon, 
“The Arachnida collected during the ‘Skeat Ex- 
pedition ’ to the Malay Peninsula, 1899-1900.” 

Wepngspay, May 8...SOCIETY OF ARTS, John-street. 
Adelphi, W.C.,8p.m. Sir Joshua Fitch, ‘‘ School 
Work in Relation to Business.” 

Geological, Burlington-house, W., 8 p.m. 

Iron and Steel Institute, 25, Great George-strect, 
S.W., 1cf a.m. Annual Meeting. 1. Address by 
the President-Elect, Mr. William Whitwell. 2. 
Reading of papers and discussions. 

Royal Literary Fund, 7, Adelphi-terrace, W.C., 
3 p.m. 

Tuurspay, May g...Royal, Burlington-house, W., 4} p.m. 

Antiquaries, Burlington-house, W., 8} p.m. 

Iron and Steel Institute, 25, Great George-strect, 
S.W., 10} a.m. Annual Meeting. Reading of 
papers and discussions continued. 

Royal Institution, Albemarle-street, W., 8 p.m. 
Sir Alexander C. Mackenzie, ‘‘ Arthur Sullivan.” 
(Lecture III.) 

Electrical Engineers (at the HOUSE oF THE SOCIETY 
oF Arts), 8 p.m. Mr. J. S. Highfield, “ Storage 
Batteries in Electric-power Stations Controlled by 
Reversible Boosters.” 

Mathematical, 22, Albemarle-street, W., 8 p.m. 

Fripay, May 10..SOCIETY OF ARTS, John-strect, 
Adelphi, W.C., 8 p.m. (Howard Lectures.) Mr. 
A. C. Eborall, ‘‘ Polyphase Electric Working.” 
(Lecture III.) 

Royal Institution, Albemarle-street, W., 8 p.m. 
Weekly Meeting. op.m. Prof. J. C. Bose, ‘Tho 
Response of Inorganic Matter to Mechanical and 
Electrical Stimulus.” 

Astronomical, Burlington-house, 8 p.m. 

Clinical, 20, Hanover-square, W., 84 p.m. 

Physical, Chemical Society’s Rooms, Burlington- 
house, W.,5 p.m. 1. Dr. C. Chree, “ Applica- 
tion of Elastic Solids to Metrology.” 2. Prof. S. 
Young and Mr. J. Rose-Innes, “The Thermal 
Properties of Isopentane compared with thosc of 
Normal Pentane.” 

SATURDAY, May 11...Royal Institution, Albemarle-street, 
3p-m. Prof. W. M. Flinders Petrie, “ The Rise of 
Civilisation in Egypt.’ (Lecture I.) 
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CONVERSAZIONE. 


The Society’s Conversazione will take place 
at the Royal Botanic Gardens, Regent’s-park, 
on Friday evening, June 28th, from 9 to 12 p.m. 

Each member is entitled to a card for him- 
self (which will not be transferable), and a 
card for a lady. These cards will be forwarded 
in due course. In addition to this, a limited 
number of tickets will be sold to members of 
the Society, or to persons introduced by a 
member, at the price of 5s. each, if purchased 
before the date of the Conversazione. On that 
day the price will be raised to 7s. 6d. 

These tickets will only be supplied to per- 
sons presenting members’ vouchers (which 
can be obtained from the Secretary) or a letter 
of introduction from a member. 

Members can purchase these additional 
tickets by personal application, or by letter 
addressed to the Secretary. In all cases of 
application by letter a remittance must be 
enclosed. Each ticket will admit one person, 
either lady or gentleman. 

Light refreshments (tea, coffee, ices, claret 
cup, &c.) will be supplied. 


HOWARD LECTURES. 


On Friday evening, 3rd inst., Mk. ALFRED 
C. ERBORALL, M.I.E.E., delivered the second 
lecture of his course on ‘‘ Polyphase Electric 
Working.”’ 

The lectures will be published in the Journal 
during the summer recess. 


CANTOR LECTURES. 

On Monday evening, 6th inst., DR. T. KIRKE 
ROSE delivered the third lecture of the course 
on “ Alloys,” in continuation of those delivered 
by SIR WILLIAM CHANDLER ROBERTS- 
AUSTEN, K.C.B., F.R.S., on the two previous 
Mondays. 

The lectures will be published in the fournal 
during the summer recess. 


COLONIAL SECTION. 


Tuesday afternoon, May 7th, 1901; The 
RIGHT Hon. Lorn BrassEyY, K.C.B., D.C.L., 
in the chair. The paper read was “ The Coal 
Problem-—its Relations to the Empire.” By 
LIEUT. CARLYON W. BELLAIRS, R.N. 

The paper and report of the discussion 
will be published in a future number of the 
Fournal. 


Proceedings of the Society. 


M 


INDIAN SECTION. 


Thursday afternoon, April 18, 1901; THE 
RiGHT HoN. SIR MOUNTSTUART ELPHIN- 
STONE GRANT-DUFF, G.C.S.I., F.R.S., in the 
chair. 


The paper read was— 


MADRAS, THE SOUTHERN SATRAPY. 
By J. D. Rees, C.I.E. 


With a subject which is evidently inex- 
haustible, I shall probably do best to address 
myself to such phases thereof as appear to 
me to require notice at the moment, and then 
to retire in order that others may raise points, 
the discussion of which will prove more fruitful 
than this exposition of my own opinions and 
experiences. 

Madras, the least known part of India to the 
traveller of to-day, was, at any rate, so far 
as regards the west coast, in ancient and 
medizval times the most frequented part of the 
peninsula. When the Governors of Bengal 
became Governors-General of India, Madras, 
bereft, like Bombay, of its former independence, 
yet retained its geographical limits, and hav- 
ing no great seaport within comparative:y 
easy reach of Europe, fell so to speak out 
of the prominent place it occupied, while 
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England was yet engaged in warring with 
European and Indian Governments and races, 
for the supremacy of Southern India. It 
is the fate of administrative units to be 
judged very much by their capitals, and the 
forlorn position of the city of Madras upon the 
exposed eastern coast, on a site originally 
chosen in the days of small things, because of 
its inaccessible character, its adjacent marsh, 
and its partly surrounding river, has led the 
popular mind to overlook too readily the 
prosperous and peaceful population, the steady 
and increasing revenue, the administrative ex- 
cellence, the educational supremacy, the ex- 
panding trade, which feeds western seaports, 
as well as and as much as the indifferent ports 
of the Coromandel coast, the extreme beauty 
of the scenery, the varieties of climate, the 
ethnological, botanical, mineral, and other 
multitudinous interests of the oldest and in 
many respects the most advanced of the 
presidencies and provinces of India. Madras 
must be judged by its fruits, and what part of 
India produces such able indigenous statesmen 
for the conduct of public affairs in our own 
possessions and in native states, whence come 
such regular and such large contributions to 
the Imperial Exchequer, where is local 
Government so far advanced, education so 
widely extended, and -what part of the 
Empire gives so little cause for political, 
financial, and administrative anxiety, where, 
in short, are peace and prosperity more 
assured? Where is life so comfortable, 
not only for the foreigner, who soon ceases to 
feel a sojourner in a strange land, but upon the 
whole and in other than bad seasons, for the 
natives of the country of all classes, and where 
else in, or out of India is a stronger feeling of 
regard and affection inspired by subject 
Asiatics than Europeans who have served in 
Madras, feel for its kindly, sympathetic 
peoples? I say peoples, for there are many 
such, differing widely in appearance, habits, 
customs, circumstances, and speech, but all 
alike are appreciative of kindly treatment, and 
all, without exception, strive to please a 
stranger, if he but meet them in the right 
spirit. So far from the bonds of caste being 
an impenetrable barrier, it is, I think, the case, 
that when the different standpoint is duly taken 
into account, when we remember that East is 
East and West is West, the amount of friend- 
ship and even intimacy that is possible between 
the English and the Indians is astonishing. 
I am aware that the contrary opinion is widely 
held. It is often stated that Hindus must give 


JOURNAL OF THE SOCIETY OF ARTS. 


[May 10, 1901. 


up caste before we can be friends. This is 
much the same as saying that they must lose 


their character vzs à vis of their own people to 


be friends with us, or we must make friends 
only of such of them as have, in the eyes of 
their own people, lost their characters. The 
point is more particularly pressed by the mis- 
sionary element, of which no one should speak 
with more respect than one who has lived for 
years in the Christian strongholds of India and 
has seen their good works, but if strangers 


.coming to England made a necessary pre- 


liminary of friendly intercourse with us that we 
should first abandon our social position, and 
our religious feelings, and renounce our most 
cherished beliefs and traditions, we should not 
travel nearly so far, on the road to friendship, 
as the Hindus have come to meet us. It was 
not in this spirit that St. Francis, and the 
earlier Christian missionaries, worked, and to 
this day the descendants of their converts, who 
practically, and subject to certain limitations, 
retain their caste, are the most respected, and 
the most respectable, the largest and the 
wealthiest body of Christians in India. The 


‘Hmdus are the most tolerant people in the 


world, but they like a little reciprocity. Nowhere 
in India are Hindus more tolerant, more friendly, 
more sympathetic, than in that part of the 
peninsula in which we have been longest 
settled, and these relations do equal honour to 
us and to them. 

I would claim these friendly relations as 
characteristic of Madras. They are, happily, 
not wanting elsewhere, but they are con- 
spicuous in the territories under the Governor 
of Fort St.George. Ofthe charity of the Hindus 
among themselves it 1s not necessary to speak. 
They carry out very literally the precept of the - 
great lawgiver, Manu, that “a householder must 
give as much food as he can spare to those 
who do not cook for themselves.’’ There is, 
indeed, great virtue in a people with whom a 
law, which is not included in the Statutes pub- 
lished by the Government of India, and might 
fairly have been claimed to have become 
obsolete in 3,000 years, is yet held so binding, 
that when in a year of unprecedented distress we 
have a little over 2 per cent. of our population on 
relief, as against 2°2 per cent., the normal figure 
in England, the greatness of the disaster fills the 
public mind, and not the admirable character 
of a people whose charity makes a poor- 
law uncalled for in ordinary years. Yet 
it 1s the comparatively poor taxpayer, who 
has not lost his crops, who paid last year 
for the 6,000,000 who had lost their crops, 
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besides supporting every year those who have 
in ordinary seasons no means of sustenance. 
Among the many admirable qualities of the 
humane and civilised peoples who inhabit our 
Indian Empire, none is more striking than 
their unobtrusive, unadvertised—by themselves 
wholly, or by their rulers almost unnoticed— 
charity. It is only natural that in the Madras 
Presidency, which is the most Hindu part of 
the peninsula, and that part of India in which 
Mohammedan rule was least established, this 
charity should be most conspicuous, and it is 
equally natural that the native State of Travan- 
core, in the south-west corner of Madras, into 
which Mohammedan rule never penetrated 
should still bear and deserve the name of the 
“Land of Charity.” Not that the followers 
of the prophet are uncharitable. Far from it. 
Only charity is not their ‘‘ household divinity.”’ 
It is true that India did not contribute a large 
share of the charitable relief fund during the 
late famine, but no record exists of the alms 
privately disbursed in every town and village. 

Of the feeling of the people towards the 
English it would be easy to write volumes, but 
speaking so soon after the death of the Queen 
it may be of interest to recall the Indian butler, 
who boxed his fellow servant’s ears for treading 
on an envelope which lay on the floor face up 
with her Majesty’s head upon the stamp. An- 
other note is struck by the recent inquiry of a 
Mohammedan whether now that we no longer 
had a woman for our sovereign it would be 
usual for Englishmen to remove their hats in 
saluting English women. 

I said that the people of Southern India were 
generally and in ordinary seasons comfortable. 
Statements are advanced to the effect that all 
India is being starved By the British Govern- 
ment, which being capable of many inventions, 
invented famine, or any rate by over taxation 
has reduced the people to such a pitch of 
poverty that they succumb immediately to 
bad seasons. In fact, it is abundantly proved 
that they do not now succumb till at least the 
second and probably not till the third bad 


season, and it would be waste of time to such: 


an audience as this to refer to the terrible 
famines which devastated and depopulated 
India in former days. 

Quite lately an isolated extract from a big 
Indian Blue-book was published, to show, on 
the authority of an assistant collector in Upper 
India, that it takes Rs.30 a year to feed a 
labourer, and from this, and from the well 
known estimate that the income of the Indians 
is Rs.27 per head, the conclusion was deduced 
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that all India is starving. Now, I ask anyone 
familiar with Southern India whether it costs 
an adult Rs.30 to feed himself? I have myself, 
ten years ago, made the minutest personal 
enquiries? into the condition of the poorest 
agricultural labourers, and, at that time, ona 
nominal wage of Rs.4, or a total income of 
Rs.5 a month, though grain wages are hard to 
express in terms of cash, I can affirm that 
families were subsisting in comfort according 
to their lights, and certainly were far indeed 
removed from hunger. 

A Brahman, writing in the Afadras Mail on 
the first day of this century, described the field 
labourer as getting ten rupees worth of paddy in 
the year as wages, and one of the most accurate 
observers who ever wrote on India, the Abbé 
Dubois, said, in the first quarter of the 
19th century, that the South Indian labourer 
got his keep and four to eight rupees a year 
in addition. How absurd then are statements 
that it costs an individual Rs.30 a year to feed 
himself, and how greatly have conditions im- 
proved, when the Viceroy is able to announce 
that the average income of the cultivator per 
head is Rs.20, and that the average income 
per head all round is Rs.30, a rise of Rs.3 
since 1880. It is evident, from the report of 
Lord Curzon’s great budget speech, that care- 
ful calculations have been again made to settle 
this question. We must be careful to apply 
Eastern standards to the East. The smiling 
coolies of Japan work for a penny to twopence 
a day, and look as happy as the Governors of 
the Bank of England. 

No doubt Abbé Dubois said, ‘‘ half the popu- 
lation of India passed its life in a state of 
misery.” The point is, that the conditions of 
the 18th, which still lingered in the first quarter 
of the 19th century, have changed enormously 
for the better, and it must have been rather 
from study at the desk than from observation 
in the field, that the late Sir William Hunter,- 
whose loss we all deplore, was led to assert 
that one-fifth of the population of India go 
through life on insufficient food. The 
Quarterly reviewer of last January, while 
affirming that Hunter wholly mis-read an 
important aspect of the early history of 
the East India Company, paid a warm 
tribute to his talents and industry, and 
described him as ‘‘ over daring in conjecture, 
and over confident in statement.” His faith, 
as regards the condition of the Indian people, 
would go some way to confirm a judgment 


* “Tours in India,” by J. D. Rees. 
and Co., 1892. 


Kegan Paul, Trench 
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most of us would like to impugn. Many 
present have seen, with their own eyes, great 
advances in the prosperity of the people in the 
last fifty years. I have myself noticed many 
such improvements since I first went to India 
in 1875, in the houses and comforts of the 
poorer classes. Such improvements are the 
inevitable accompaniments of increases in 
wages, which, at least, are undisputed. 

Among illustrations which occur at the 
moment, in 40 years £6,000,000 of gold have 
been absorbed in the Godavari delta for orna- 
ments. Yet we hear loud outcries from those 
who, owning fields which, willy nilly, are irri- 
gated by the Government works, decline to make 
payment, saying they do not want the water. Of 
course, these reclamations proceed from few 
throats, and too much must not be made of 
this, nor of the gold ornaments, but we may 
fairly look all round, and in passing, it may be 
mentioned that gold circulated freely in South 
India within the last sixty years, a fact which 
makes the speedy establishment of the con- 
vertibility of silver and gold under the new 
coinage regulations less remarkable than it 
might otherwise appear. 

It is frequently asserted that the salt-tax is 
oppressive, and no one likes to see poor people 
prosecuted for evading the salt or any other 
Excise laws. But, in fact, since the duty was 
raised in 1886, the price has actually fallen, 
owing to improvements in roads and railways, 
while consumption has largely increased. Ido 
not like the salt-tax. All taxes are necessary 
evils, but it is contrary to the fact to say that 
the people in Madras groan under its imposi- 
tion, and are bereft in consequence of a neces- 
sary of life. 

The people of Madras do not spend their 
time in groaning, but are an industrious, busy 
race, dwelling chiefly in the country, though 
of the greatest towns in India not a few are 
within the Presidency limits, which contain 
nine of the 75 towns in the empire with more 
than 50,000 inhabitants. Such towns as exist 
are remarkable for their satisfactory manage- 
ment of their own affairs, and Lord Curzon 
has more than once testified to the pro- 
gress of local government in this part of 
India, in which, not for the first time, he made 
an extended tour last winter. In no other part 
of our Eastern empire has a local body 
financed and constructed a railway, and when 
Lord Ripon’s local self-government scheme 
was brought out as a surprise new policy for 
India, it was discovered that the Southern 
Presidency had already found the way for 


itself, by the statesmanlike development and 
extension of existing institutions. It would be 
difficult to find anywhere in the East cleaner 
or more beautiful small towns than Coim- 
batore or large cities displaying more public 
spirit and capacity than Madura, and there 
are many towns in Southern India whose water 
supply, for instance, is as well managed as 
that of London, though it must be acknowledged 
that the difficulties are not of the same 
intensity. 

When the condition of the people of Southern 
India is under consideration, the wages they 
earn must naturally receive attention. In 
municipal towns they run as high as Rs.12 to 
Rs.14 a month for skilled labour, while the able- 
bodied agricultural labourer gets something 
under Rs.44, the wages of the skilled labour 
of a formerly very small class having declined, as 
education and civilisation have increased com- 
petition, while the living wage of the agricul- 
turist has, in the same period, more than doubled. 
I calculate that in Trichinopoly an artizan gets 
ten times as much to-day as a diamond miner 
in the Deccan got in the 17th century. 
Assuming that the purchasing power of money 
is not now more than a quarter of what it 
was then, the advantage remains with the 
19th century. Little value, however, can be 
attached to such comparisons, and in -rural 
tracts, to this day, wages are generally paid in 
grain. Rice was selling last year at Madras 
at much the same price, indeed a little cheaper, 
than when I made my calculations in 1890. 

_I made out that in Southern India the family 
of the ordinary cultivator, not possessed of any 
occupancy right, had an income of from Rs.50 
to Rs.§5 a year, composed of wages, generally 
paid in grain, and of presents of clothing, 
harvest fees, and gifts on marriages and other 
festivals. This, it must be remembered, is the 
poorest family in India, and Lord Cromer’s 
calculation of Rs.27 average income per head, 
gives the average family Rs.108 a year, just 
as Lord Curzon’s gives Rs.120; for in India 
it is not only the father of the family who 
is the bread-winner. Yet the poorest cultivator 
in Southern India does not by any means starve, 
and it is a grossly inaccurate statement to say 
so, or to argue that no adult can be fed at a 
less cost than Rs.30 a head. Such a statement 
carries with it its own refutation. It must be 


remembered that the agricultural labourer 


needs next to no fuel, pays no house rent, no 
tax but salt-tax, that he is more comfortable in 
his climate wearing one cotton handkerchief, 
the cost of which has decreased in late years, 
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than we are with all our expensive clothing in 
our country, and that most of his family contri- 
bute towards the common stock. An excellent 
authority of a past generation, Bishop Heber, 
who calculated that in Bengal in 1824, the 
agricultural labourer got Rs.4 a month, said, 
‘‘¥ do not apprehend that the peasantry are 
ill-off, though they cannot, of course, afford to 
live luxuriously.” Bishop Heber also knew 
Madras. A good authority of the last 
generation, Sir William Robinson, once 
Governor of Madras, in 1872 said in the 
Viceroy’s Legislative Council, ‘‘ In respect to 
Southern India, I know the cultivators have, 
on the whole, a very fair time of it.” An 
excellent authority of our own time, Mr. C. 
S. Crole, in an able work on a Southern 
Indian district, said, ‘‘in the majority of years 
the lot of the ryot is far from a hard one.” 
Sir James Westland said, in 1897, ‘‘ the popu- 
lation of India is a poor population, but such 
descriptions of its poverty as have been given 
are not justified by the calculation (made by 
Lord Cromer) that every adult male in India 


enjoys, on the average, an income of Rs.g a 


month.” Mr. Justice Subramania Iyer, wrote 
in 1899, ‘‘the condition of agriculturists in 
Southern India is not, generally, such as to 
warrant that class being treated asa privileged 
class, entitled to special protection.” Mr. F. 
A. Nicholson, after a long study of the subject, 
has recorded the opinion that the mass of the 
Madras agriculturists are not heavily indebted, 
the mortgage debt in no year aggregating 
half the value of the crops. The Madras 
cultivator shows little anxiety to borrow from 
the State on the advantageous terms offered, 
nor does he often resort to the bunniah. 
There, nine loans out of ten are made by one 
landowner to another, and two-thirds of all 
the mortgage, and a slightly higher percentage 
of other loans, are granted by cultivator to 
cultivator, the rate of interest in such cases 
running from g to 18 per cent., arate far below 
that of the professional moneylender. 

The Dewan of Baroda calculates that a 
small farmer can live as a person in his 
position should on Rs.g a month, just what 
Lord Cromer’s calculation works out to, and 
that the average eight acre holding will in 
ordinary years yield this profit. 

In fact I have always thought the condition 
of the Southern Indian agriculturist, and, in- 
deed, of other Indian agriculturists, to be at 
least as good as that of the agrieultural 
labourer in Essex, Suffolk, or Hereford, and 
after visiting some thousands of poor in the 
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East-end of late, it seems to me the Indian 
labourer’s lot is in ordinary years as superior 
in point of comfort to that of the expensively 
and badly-housed English labourer in cold 
weather as is the condition of an Indian 
Civil Servant in his district, to that of a 
Moderate candidate for the London County 
Council. The Indians are poor, and we most 
deeply regret the fact; but let us not fall into 
the common error of supposing that there are no 
alleviations of his lot, or that he goes through 
life in ordinary years upon an insufficiency of 
food. In Madras, at any rate, this is not the case, 
nor evidently does Lord Curzon, who has just 
spoken, think it is the case elsewhere in India. 
In 1861, in the Deccan districts, the most 
liable to famine of those under the Madras 
Government, where it may be remarked in 
passing the greatest extent of unirrigated land is 
assessed at 2d. an acre, rice sold for 13 seers 
a rupee, while in 1899 it had only risen to 11, so 
that the rise in prices is small compared with 
that of wages, and there can be no reasonable 
doubt that the condition of the people in 
Southern India has been gradually improving 
throughout the century which has just ended. 
Then take the contributions of Madrasto the 
Imperial Exchequer. It is, of course, the fact 
that the revenues of all India are those of the 
Government of India, and that different services 
of Government are so rendered in such diverse 
manners, without immediate regard to the 
localities benefited, that it is impossible to say 
exactly that the contributions of any one, 
are, aS compared with those of any other, 
provincial Government, in excess of the ser- 
vices rendered. The largest and most salient 
proof of this position which offers is the 
Army, which, concentrated for the most part 
within striking distance of the frontier in 
Upper India, yet maintains the peace by 
which every province alike profits. There are 
other equally pertinent examples. But the 
position hardly requires proof. Yet a Presidency 
which can claim to manage its own local 
affairs and to make rapid progress on 28 per 
cent. of its own revenues, as against 40 per 
cent., which is the average retained by the 
four other great provinces, may be fairly held 
to be one of the most paying members of 
the partnership. Incidentally, and to the 
confusion of those who hold that the Govern- 
ment is creating famines, it may be pointed 
out that the province which has been most 
desolated by famine in the last five years, the 
Central Provinces, is that which retains the 
largest proportion of its revenues for its own 
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needs, namely, 52 per cent., or nearly double 
the percentage retained by Madras, which has 
about four times its population. The Presidency 
population now numbers 42,399,000, an advance 
of 7°80 per cent. since last ‘census, and here I 
would remark that we have no sufficient data 
upon which to lay it down that any particular 
rate of increase is normal in India. We are 
beginning to find out, and we want the figures 
of many a census before we can say that a 
particular rate is the rule, and that in any 
given decade the increase has been less than 
it should have been. It is also instructive 
to note that the proportions of taxation in 
general borne by the Central Provinces and 
Madras are as 22 to 41. It is not high rents 
nor taxation which have produced famine, but 
an inability on the part of the Government of 
India to control the rainfall. There is no 
portfolio of the Rainmaker, such as is said to 
exist in native governments in Central Africa. 
Bombay has been held up to Madras as 
an example in regard to land assessments, 
and, in fact, the average rate in Madras 
is Rs.2.3.2. per acre against Rs.1.3.0 in 
Bombay. We might, therefore, assume that 
Madras would be the more liable to 
famine. But what are the facts at present ? 
Bombay, the more lightly assessed province, 
is that of which famine has taken the firmest 
hold, the Central Provinces the most lightly 
assessed and lightly taxed is the country in 
which famine has been most severe in the 
immediate past. The fact is that a con- 
scientious effort is made to tax according to 
the capacities of the people for paying. It is 
a very difficult problem, and no doubt the rich 
in India do not pay their share. But that the 
problem has been fairly faced, if not solved, 
in Madras, may be admitted, for the evidence 
of those who have lived among the people is 
worth a world of ‘‘slim’’ statistics and 
fallacious figures. 

To take the comparative assessments of 
Madras and Bombay just mentioned. An 
immediate explanation offers of the higher rate 
in Madras, and we see how, as is so often, 
indeed usually, the case, it indicates greater 
prosperity. There is more irrigated land in 
Madras than in Bombay, upwards of 6,000,000, 
as against 3,500,000 acres, and in the former 
province the charge for water is consolidated 
with the land assessment, which accounts for 
the higher rate which, of course, is paid with 
far greater ease than a lower assessment would 
be without the water, which renders the crops 
superior to the seasons. 
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Nor can any kind of parallel, as regards 
the proportion of revenue taken by the Central 
Indian Government, be deduced from the cir- 
cumstances of the German Empire, which is a 
confederation of internally independent states 
with a central government, the limitations of 
which are clearly defined. If it be the case, as 
it roughly is, that the Central Government in 
India take nearly three-quarters of the total 
revenues for army, debt, post, telegraph, rail- 
ways, famine and irrigation, it is clear these are 
for the most part local services rendered to the 
provinces themselves, which are not internally 
independent, and that no useful comparison 
can, therefore, be drawn between the finances of 
the Indian Empire, which takes three-quarters, 
with those of the German Empire, which takes 
one-third, of the total revenues. One thing is 
clear, that the Indian revenues are very ably 
administered; that the debt, a little over three 
years’ income, is comparatively small; that 
money can be borrowed at 34 per cent.; that 
no grants from the British Parliament are 
required ; that the Indian consols have actually 


_Stood at a higher figure than the English; 


that local bodies cannot spend and borrow 
regardless of the taxpayer and the future in 
India, and that Madras is one of the best 
managed and best paying constituents of a well 
managed and solvent whole. 

I have only touched, in passing, upon the 
land assessment, to deny that it is crushing in 
Madras, and it may be noted that since 1833, 
when the share of the State was nominally 70 per 
cent., the nominal claim of the State has fallen 
to 67 per cent. in 1844, to 50 per cent. of the 
average assets in 1855, till, at the present day, 
Edward VII. collects around about 7 per cent. 
of the value of the produce as land revenue, 
from 5 up to 10 per cent. from the best dry 
lands, and 20 per cent. from irrigated lands of 
great value, the rental of which is generally 
three times that of the assessment, while dry 
lands rarely fail to let for twice as much 
as the Government tax they pay. Throughout 
the Madras Presidency the assessment rarely 
exceeds 20 per cent. of the gross produce, and 
generally is considerably under that figure, 
running in the case of unirrigated lands from 5 
to 10 per cent. The East is proverbially un- 
changing, but Megasthenes, 2,000 years ago, 
found a quarter of the gross, which is now the 
maximum for the best lands, to be the usually 
prevailing rate of assessment. There has been, 
therefore, a great change for the better in what 
in Eastern chronology must be considered the 
trifling period of twenty centuries. Not only 
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does famine most frequent the poorer lands 
most lightly assessed by a humane administra- 
tion, but a low assessment upon rich lands 
does not always work in favour of the 
cultivators, who in that case support a land- 
lord between themselves and the State. My 
poor family, referred to above, is taken 
from the rich district of Tanjore, wherein the 
holder from Government lets to a sub-tenant, 
who pays him a greater proportion of the pro- 
duce, than the holder from Government pays to 
the State as assessment. 

The best of the ante- British kings was Akbar, 
whose land revenue, if it ever was collected 
—and that does make a difference—must have 
been three times as high as ours. He said, 
‘ There shall be left for every man who culti- 
vates his lands as much as he requires for his 
own support till the next crop be reaped and 
for that of his family; the rest is the land tax.” 
Elphinstone, after an exhaustive study of all 
authorities, concludes that under Shah Jehan 
the condition of the people must have been 
worse than in an indifferently governed state 
in Europe. I do not think as a traveller that 
this is the case now. Aurungzebe, according 
to Mr. Thomas, collected an Indian land 
revenue of 438,000,000, while we only got 
417,200,000 last year. The Madura Jesuit 
Mission recorded that the Mahrattas exacted 
four-fifths of the produce; the admirable 
missionary Schwartz left it on record that the 
Nawab of Arcot in 1775 extorted the same 
proportion, and Dr. Buchanan, who was 
neither an official nor a missionary, has drawn 
a vivid picture of the conditions in 1800. 

It must be allowed, however, that an en- 
deavour was made in the early part of the 
Igth century to regularly realize assessments 
which in all probability were only occasionally 
and spasmodically collected by Mohammedans 
and Mahrattas, that the administration of the 
Madras Presidency was not in those days what 
it is now, though the difficulties of course were 
far greater. It must also be confessed that 
outside pressure had much to do with the im- 
provements effected, so that criticism from 
without was very necessary in those days, and 
no doubt it is even now by no means super- 
fluous. To those who have not studied the 
subject it may be interesting to learn that 
Paget, M.P., was fulfilling his not always 
superfluous 7dé/e long before Mr. Rudyard 
Kipling discovered India, and England dis- 
covered Mr. Rudyard Kipling. 

In referring to the erroneous position, as I 
think it to be, which is taken up by certain 
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critics as regards the condition of the people, 
I do not at all mean to put aside all the con- 
tentions of a particular school which, in regard 
to the civil employment of the natives of India, 
and to other financial questions, are, in my 
humble opinion, at least worthy of attention. 

Time would be lost in referring at length to 
the famines which before 1876-77 have de- 
vasted the Deccan districts of Madras, but in 
1680, when all we held was Fort St. George, 
children were given away by parents, who did 
not wish to see them die of starvation, and the 
institution of slavery was again tolerated in the 
Fort on account of ‘‘ the sore famine which re- 
duced the people to great straits.’’ In the be- 
ginning of the 18th century rice sometimes rose 
to sixty-four times the ordinary rate, but in the 
famine of 1876-77 it never went far beyond 
double its usual price. As to the general level 
of prices, they are probably about 50 per cent. 
higher than those of the beginning of last 
century, while wages in that period have at 
least more than doubled. 

It is long since a great famine afflicted 
Southern India, but there was consider- 
able distress between 1891 and 1892, and 
the last Famine Commission expressly re- 
corded its opinion that this had been most 
efficiently treated by Lord Wenlock and his 
Government. The enormous advance made 
in the treatment of famine in India in a com- 
paratively brief period can only be appre- 
ciated by one who in 1876 rode across Mysore, 
when clouds of locusts obliterated the fields, 
the roads, the high upstanding rocks, and all 
the features of that pleasant land, covering 
inanimate nature, and the victims of famine, 
alike with one monotonous pall. In 1891 and 
1892 in Madras, as in 1900 in the Central Pro- 
vinces, very few cases of starvation met the 
traveller’s eye, and the administration was 
equal to coping with its task. 

There are many peoples in the Madras 
Presidency, but it is possible to speak to some 
common characteristics, and I would myself 
join Sir William Sleeman, Sir James Outram, 
Sir Henry Lawrence, and the last witness Sir 
Joseph Fayrer, who have at various times and 
in different ways testified to the practical truth- 
fulness and loyalty, not only to the Crown, but, 
in the ordinary relationships of life, of the 
Indians with whom they have come in contact. 
A natural politeness, a surely venial desire to 
please, and the language of Eastern hyperbole, 
are apt to mislead those into whose being the 
spirit of the East has perhaps not altogether 
penetrated, and Britons away from home do 
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not always remember that their downright and 
dogged adherence to the actual facts has been 
habitually misconstrued by nations geo- 
graphically and ethnologically nearer to our- 
selves than our Indian fellow subjects. Even 
the Mutiny affords, among other and sadder 
lessons, abundant proofs of the loyalty and 
affection inspired by a personal tie between 
European and Indian, and we should never 
forget that it was a sepoy, rather than a 
national, uprising. Sir Joseph Fayrer’s in- 
teresting life lately published gives splendid 
instances of loyalty to engagements with 
alien masters, to an apparently lost cause, 
on the part of numbers who fought for us 
against their own friends, relations, co-reli- 
vionists, and fellow countrymen. It is this 
aspect of the Indian character which has 
rather exhibited itself to me in my relations 
with them. In a little history called ‘‘ The 
Mahomedans,’’ * published in 1894, it is stated 
that the Bengal cavalry corps are composed of 
men occupying much the same position in life 
as our own yeomanry cavalry, and it is an 
interesting commentary upon this remark that 
in China our Indian regiments are; just now 
considered, by the troops of other powers, 
to be corps of ‘‘gentlemen.’’ Indeed, our 
Indian troops away from home have well earned 
this character, and, among them, some, at any 
rate, of our Madras regiments have behaved 
themselves with much distinction. 

The Mohammedans, all the world over, bear 
certain outward and visible signs by which you 
may knowthem. Itis, therefore, superfluous to 
enlarge here upon the Moslems of Madras, but, 
in this Presidency, as elsewhere, I have been 
struck with the solidarity existing between the 
followers of the Prophet as against unbelievers, 
which is superior ‘to any inequalities of social, 
official, or pecuniary position. 

It would be a hopeless task to attempt to 
describe the scenery of the Madras Presidency, 
which to the east of the ghauts has one, and to 
the west another, character, but which nowhere 
is without a beauty of its own. There are, 
indeed, few localities in which the eye roams 
over space unredeemed by the presence of 
mountains, and high rocky hillocks and 
pleasant undulations break the monotony even 
of ‘‘ the wide stony wolds of the Deccan.’ The 
Northern Circars have a quiet beauty all their 
own, the deltas have their great irrigation 
works, Madras has its historical associa- 
tions, the magnificent marina it owes to 
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Sir M. Grant-Duff, its palace of Chepauk ; 
the Southern districts are populous, busy, 
and full of social, religious, and commer- 
cial activity, lying as they do between the 
sea and the last extremities of the western 
ghauts. But the districts more completely 
within the sphere of the influence of the 
south-west monsoon have a wholly different 
character. The rolling downs of the Nilgiris 
possess one of the finest climates in the 
world for the Anglo-Saxon, and nowhere 
is the scenery more magnificent than upon 
its western borders, where the happy sports- 
man can sit in a blushing rhododendron 
as big as an English oak, the moss and lichens 
of whose branches are pranked with orchids, 
and look down a sheer cliff of giddy height, to 
the first shelf of primzeval forest, and on to 
another and another by gradual descents from 
a height of 8,000 feet, till the cocoanut gardens 
of the storied Malabar Coast are seen between 
the last step and the yellow sands and white 
foaming breakers, beyond which the blue 
Arabian Sea sparkles and shimmers in the 
sunlight, till the orb of day descends, a blood 
red ball, into its distant waters. What moun- 
tain drive equals the Coonoor ghaut, now 
gashed and scarred somewhat by a none the 
less useful railway, upon whose forest-clad 
slopes white fleecy clouds gently lie, while the 
gigantic green feathers of the bamboos lightly 
wave, and the most beautiful of all butterflies 
flit around the traveller as he passes through 
tree ferns, and plantains, looking up at the 
towering masses of rugged rocks, and the 
purple outline of the mountains. 

Below in Malabar, Travancore, and Cochin, 
the beauties of the country defy description, 
and the forests are, of all places in this world, 
surely the most fascinating in which to dwell. 
You pass through shady aisles, which admit 
the sunshine by infrequent shafts, but breathe 
everywhere its warmth and joy, and are ever 
reminded of the late Laureatc’s happy alcaic 
experiment. 

Me rather all that bowery loneliness, 
‘The brooks of Eden mazily murmuring, 
And bloom profuse and cedarn arches, charm. 

Tall pillar trees, with green Corinthian 
capitals, support the roof, festooned with vines 
and creeping plants, and often blooming 
with red, white, and purple flowers, the floor is 
covered with an undergrowth of tree ferns and 
flowering shrubs, above monkeys and squirrels 
jeap from tree to tree, wood-pigeons coo, wood- 
peckers tap the tree trunks, and cicadæ whirr 
and whistle, while now and again a startled 
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spotted deer jumps up and disappears, or the 
loud crack of branches betokens the proximity 
of an elephant taking his meal, the picture of 
lazy and lordly ease. 

This spirit pervades the atmosphere. Nature, 
in her most bounteous and reproductive aspects, 
scatters her treasures around with such a lavish 
hand, that it speaks well for an industrious and 
estimable population, that, in its case, the 


worship of the beautiful has never ended, as 


some say it always does, in orgies. None 
the less in the forests the life of those least 
sensitive to the influence ofthe beautiful can be 
nothing less than one long botanical debauch 
in ‘‘ valleys low, where the mild whispers, use of 
shades and wanton winds, and gushing brooks,’’ 
tempered by occasional encounters, wherein all 
the sterner attributes of humanity are suddenly 
brought into play, and the man may have to 
fight with the beast, for the life, which, a 
few minutes before, ran ‘“‘ in soft luxurious flow.”’ 
The contingency, ever present forthe sportsman, 
of this sharp and sudden contrast, adds a thou- 
sandfold to the fascination of what surely is the 
happiest possible life.* 

In an article in the ‘‘ Nineteenth Century ”’ I 
tried to give an account of a ‘‘ house of gentle- 
folk,” in Tourgenieff’s phrase, selected on this 
lovely coast, in which, in accordance with cus- 
toms of a hoar antiquity, heirship resides in the 
female not the male line, a custom equally ex- 
tending to the princely houses of the rulers of 
the two Native States on the Malabar coast. 
Women thus occupy an exceptionally important 
position in this part of the world, but though 
they have the privilege of changing their 
husbands if they wish, such is the high 
standard of virtue usual among Hindus that 
the less binding local tie is almost as faithfully 
observed, a standard not widely different from 
that of the usual Hindu sacramental marriage 
being in substance maintained. The women 
are not polyandrous, but the Courts of Justice 
having held that these relations do not amount 
to marriage in the ordinary sense of the word, 
the children being accounted their mother’s 
only, the Madras Government passed a per- 
missive Marriage Bill, which impliedly at any 
rate stigmatises the existing marriage as a 
relation of a lower character. This Act like 
the Age of Consent Act, the Widows Re- 
marriage Act, and others which are in- 
tended to legalise reforms not desired of 
the people, is a dead-letter, but though it 


was introduced by a non-official member, it. 
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is naturally looked upon by the people as the act 
of the Government the Legislative Council of 


.which passed it, and I have heard it suggested 


that the Tinnevelly riots of two years back were 
due to this interference with the customs of the 
people. There are excellent reasons for think- 
ing this is not the case, but it is the fact that 
the Queen’s proclamation guaranteeing to the 
peoples of India their own laws and customs 
cannot be too literally interpreted. Often, 
the representative of any particular locality 
concerned upon the Legislative Council is 
one whose presence there is due in a great 
measure to his having renounced the prin- 
ciples or prejudices, and beliefs or super- 
stitions, of the people he nominally represents. 
Not long since the two chief Native States of 
Southern India were advised by the local 
Government, at the instance of missionary 
bodies, and upon very plausible grounds, to 
undertake legislation, which would have struck 
a death-blow at the family system ruling 
along the coast, which one of the missionaries 
described as ‘‘ monstrous and unnatural.” But 
her late Majesty Queen Victoria of blessed 
memory did not only guarantee to the natives 
such customs as do not in the eyes of the 
followers of another faith seem monstrous and 
unnatural. There is little reason to believe 
that the riots in the south were due to inter- 
ference with the customs of the people, but 
if the Government of India really favoured 
Christian conversions and reform after mis- 
sionary methods, as I understood Mr. Mozumdar 
to say last July at the Imperial Institute, the 
country would soon be in a blaze from Peshawar 
to Cape Comorin. It is no more true to say 
this of the Government than it is to speak, as 
I also understood Mr. Mozumdar to do, of the 
virtues for which Hindu women have been 
famous for thousands of years, as due to 
a conscience awakened by a religious 
instinct due to a foreign rule, or of the 
mild, merciful, and charitable nature for 
which Hindus have been known throughout 
history, as if they were due to a conscious 
imitation of Christian models. The fact is 
that the old faiths are strong in the land, as 
anyone can testify who knows the temple town 
of Srirangam, embowered upon its island in the 
sacred Cauvery, the great fane of Madura, the 
social and religious centre of the city, and 
the long dark aisles of Rameshwaram, the 
daily goal of thousands of pilgrims from the 
uttermost ends of India. True, the Bishop of 
Calcutta expresses his belief, or at least I under- 
stand him to express his conviction, that Chris- 
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fianity is within measurable distance of great 
conquests, but upon what data this opinion, so 
natural in the head of the Church in India, is 
based I am unaware. So far as my own 
observation goes there is nothing to confirm 
this view, but much pointing to an opposite 
conclusion. 

It is difficult for an official when in office 
even to express an opinion upon such matters, 
so far have we happily departed from what 
were once the ideals of Christian government 
in India, when the Inquisition claimed its 
victims in once golden, now gloomy and 
deserted, Goa. 

One of the last acts of Sir Arthur Havelock, 
who has just returned to England, was to veto 
the gains of learning Bill, which would have 
stimulated the dissolution of the joint family, 
an institution which is the bed-rock of the 
Hindu social and religious system. 

Here again the Bill was introduced by an able 
Brahmin lawyer, who has spent his life in 
practising in the British Indian law courts. 
He sees no reason why the separate gains of 
learning of an individual member of a joint 
family should not be his separate property, 
regardless of this fact among others, that the 
learning probably is aquired in most cases at 
the expense of the joint family funds. The 
Madras Legislative Council passed the Bill, 
the Europeans no doubt voting with a clear 
conscience for a measure introduced by 
a Brahmin, and affecting the Brahminical 
system. No sooner is the Bill passed than 
native opinion is aroused, and it is evident 
that Hindu society is by no means prepared to 
be reformed according to the pleasure of an 
individual member who, however able, con- 
scientious, and successful in life, has, by his 
occupation and career, apparently been 
alienated from the true current of Hindu 
feeling. 

It is not improbable that some danger lurks 
in the acceptance upon the enlarged Legislative 
Councils, as representatives of the people, 
of men who, however able and conscientious, 
have ceased to be in sympathy with the masses 
they are supposed to represent. 

Many observers of the Indian people think 
now, as Dubois did, that the ‘ English will 
attempt in vain to effect any very considerable 
changes in the social condition of the people 
of India, whose character, principles, customs, 
and ineradicable conservatism, will always 
present unsurmountable obstacles.” The 
Abbé went on to say, ‘‘ let us leave them their 
cherished laws and prejudices, for the day 


when Government attempts to interfere with 
any of the more important religious and civil 
usages of the Hindus, will be the last of its 
existence as a political power.’’ Perhaps we 
now have the giant’s strength, but, at any 
rate, we are pledged up to the hilt not to use it. 

The stable rupee, for and against the 
fictitious value of which so much is 
said by two opposing schools of econo- 
mists, should, at any rate, favour the 
investment of British capital in India, but the 
Government can further help by abstaining 
from all avoidable interference with the labour 
systems, which are built up with infinite care 
and patience by private agencies. 

This is no place for a survey of South Indian 
trade, but among raw materials and unmanu- 
factured articles imported into the Empire, the 
chief are coal, of which it is full, cotton, of which 
it grows enormous quantities, precious stones 
and pearls, notwithstanding its mines of 
Golconda, and its pearl fishery of Manaar, and 
silk, which is not wanting in its forests. The list 
of articles manufactured, or partly manu- 
factured, which are imported into India to the 
value of £27,000,000, brings home the want of 
capital to develop raw material existing along- 
side cheap labour. Such great items as cotton 
and piece-goods, yarns, and textile fabrics, 
valued at £21,000,000, and such small ones as 
paper and toys, alike illustrate the position. 
Complete ignorance of foreign languages on the 
part of commercial travellers handicaps them 
in South India, as elsewhere, but in Madras, 
as in other parts of India, ond fide samples 
of dutiable goods are generally admitted free 
of duty, and Sir Arthur Havelock’s Government 
proposed that special legal provision should be 
made for their exemption, following the more 
liberal tariff of Ceylon. 

All who are interested in the Indian 
Christians must acknowledge with gratitude 
the justice done by Lord Curzon in relieving 
them from the inequality under which they 
suffered in respect of the succession duties. 
The injustice had frequently been represented 
to previous Viceroys, and it has now, at any 
rate to a great extent, been remedied. But 
another grievance remains. The Canon Law of 
the Catholic Church provides that the non- 
Christian marriage of a person who becomes a 
convert may be dissolved by a Christian 
marriage, which the Church is by the Pauline 
dispensation empowered to solemnize, if the 
non-Christian spouse refuses to live with the 
Christian spouse by reason of his or her change 
of religion. The civil law of India allows the 
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dissolution of the earlier marriage only after a 
long and expensive procedure, which poor 
people cannot afford. If, as is probable,” a 
Government ruling over races of so many 
different religions cannot judicially acknowledge 
the Pauline dispensation, yet no insuperable ob- 
jection appears to exist to amending the pro- 
visions of the law relating to the dissolution of 
marriages in such cases, so as to provide a 
quicker and cheaper remedy for a situation, 
which is equally intolerable to the Christian 
and non-Christian party to the marriage, which 
has become alike to both a bondage, from which 
in the interests of religion and morality their 
escape should be facilitated. The Indian 
Catholics ask for, and should have, this measure 
of relief. 

Of the industries of Madras, two, to which 
I would refer, are those of planting and gold 
mining. The capital value of the tea, coffee, 
gold, and coal industries in India before the 
present depression of the planting industry 
was #£32,000,000, and the Mysore gold 
mines alone account for £2,300,000. This 
field has yielded £12,000,000 of gold in the 
last 12 years, employs 40,000 miners and 
labourers, and is of great importance to 
the South Indian railways and ports, and 
to the Hyderabad and Bengal coal fields. 
The actual profits go chiefly to English 
shareholders, but the indirect gain to India is 
enormous. As the mines are actually situated 
in Mysore, though close to the border, I will 
say no more about them, though their labour 
comes chiefly from Madras districts, and their 
success under the able management of Messrs. 
John Taylor and Sons, should lead to the 
further investment of British capital in India, 
of which in the India Development and Nauk- 
hali Railway; Companies we already see 
encouraging signs. The commercial develop- 
ment of the country must always be considered 
in connection with the encouragement of 
the scientific branches of the administration, 
of which Surgeon-General Bidie, himself a 
Madrassee of fame in more than one scientific 
field, described Sir M. Grant-Duff ‘‘as the 
firmest friend who ever ruled in Madras.’’ We 
shall soon see the machinery of the Mysore 
Gold Mines worked by electricity generated at 
the Cauvery Falls, nearly a hundred miles 
distant, an all-important scientific develop- 
ment which India will owe to Lord Curzon at 
Calcutta, and Sir Sheshadri Iyer at Mysore. 

I take it for granted you all abhor statistics, 
and you will take it from me that the tea and 
coffee industry has been of infinite benefit to 


JOURNAL OF THE SOCIETY OF ARIS. 


479 

Southern India, and that the planters, who are 
very much what our country gentlemen are at 
home, are just and generous employers of 
labour, whose operations have been as bene- 
ficial, and are, just now, much more beneficial 
to India than tothemselves. A fear, due toa 
feeling we must respect, lest it should favour 
its own people rather than the Indians, has, 
I incline to think, perhaps led the authorities 
to be sometimes a little less than just to 
the planters. It is possible a little more 
might be done for them in the way of 
extradition, to prevent their being robbed 
by black sheep among the coolies. The coolie 
is an admirable creature, but some of the 
class have learnt to take such opportunities as 
the law throws in their way. It is also possible 
that the need for raising the statutory wage 
in Assam was not altogether conclusively made 
out, at any rate, a rise in Assam will be felt 
throughout the industry. Planters’ coolies work 
allthe year round, make much extra time, have 
continuous labour provided for themselves and 
their families, get lodging and medical atten- 
dance for nothing, and save money everywhere, 
while they settle in large numbers in Assam at 
the expiry of their contracts. As a resident for 
many years in planting districts, and a member 
of select committees of the Viceroy’s Council on 
Extradition and Labour Bills, I must say that 
the non-official side often seemed to me to have 
very weighty arguments to put forward, and that 
isolated cases of hardship in recruitment were 
too apt in official eyes to loom larger than the 
benefits derived from the establishment of a 
great industry, and the expenditure of vast 
capital in India. However, in Lord Wenlock and 
in Sir Arthur Havelock the planters found frm 
friends, and Lord Curzon lost little time in 
seeing for himself how things were in planting 
districts. The Viceroy obviously tempered the 
severity of the official view in his council the 
other day. The proposed increase in wages 
was reduced by half, and its introduction 
postponed, and my audience will join me in 
wishing better times for an industry which 
is in the hands of a class we have all 
learned to respect and admire in India. 
Of course, it may be that low exchange does 
not stimulate exports, and that the effects of 
recent currency legislation may be only tem- 
porary, but the silver payments planters must 
necessarily make have meanwhile increased, 
the gold prices they receive have not gone up, 
and do not look like rising, the extra war taxa- 
tion has not fallen, as was anticipated, upon 
the consumer, and it is unfortunate that just 
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now legislation adverse in their opinion to their 
industry, should supervene. Very large areas 
are under coffee and tea in Mysore, which geo- 
graphically belongs to Madras, in the Madras 
districts of Nilgiris, Salem, Tinnevelly, and 
Madura, and in the equally flourishing and 
fascinating Native States of Cochin and 
Travancore. There is always some power 
pushing forward a policy of interference with 
the conditions of labour. There is no ap- 
parent reason why England should want to 
‘* protect” tea, coffee, coal, and gold mining 
coolies in India. She does not compete in 
these trades, and really the Indian coolie in his 
own way looks very well after himself. That 
he is a fool is a purely legislative assumption. 
In looking after his own interests I would back 
the Tamil coolie, at any rate, against many an 
Indian civil servant. The people of Chota 
Nagpur and the Central Provinces, and the 
Uriyas are, no doubt, far less intelligent. 
What the mysterious power is, no one knows. 
Perhaps it is the elusive, evasive, untiring, 
unquiet, persistently, perhaps sometimes per- 
versely, progressive soul of the secretariat. 

It is hardly possible to touch on trade without 
referring to the completion of the east coast 
connection by rail between Madras and 
Calcutta, with the inception of which the name 
of Mr. H. G. Turner, of the Madras Civil 
Service, will always be honourably associated. 
It will no longer be possible, as it was in 
1899, for Ganjam to suffer from famine, 
owing to a purely local failure of crops. It is 
hdped, that ‘in no long time, the projected 
Vizagapatam-Raipur line will connect the new 
railway with the great protective Bengal 
Nagpur line, which, with its feeder, the Indian 
Midland, has, in concert with the Great Indian 
Peninsular Railway, enabled the Government 
of India to successfully cope with the two 
last famines. The tract to be served by 
the Vizagapatam-Raipur line is the largest in 
India without a railway, and for economic 
and commercial reasons, and as an insurance 
against famine, its construction is a pressing 
necessity. It is, indeed, matter for con- 
gratulation that in the Indian Budget for next 
year, provision is made for going ahead, full 
speed, with all the railways, and not the least 
important are the Calicut-Cannanore and 
Cochin extensions of the Madras, and the 
Travancore and Paumben extensions of the 
Southern Indian, railways. The rulers of the 
two Native States concerned have behaved with 
their usual generosity and public spirit, and all 
who love Southern India must have rejoiced 


‘that the fertile and well-governed states of Cochin 


and Travancore were visited last winter for the | 
first time in history by a Viceroy of India. 
Whether the Nilgiri railway will or will not 


run in from Coonoor, past the new cordite 


factory, to Ootacamund this year I do not know, 
but this extension never can possess the interest 
of the original ghaut line, over which I marched 
from end to end in order to acquire the land, 
and over landslips in which, containing the 
bodies of buried coolies, it has been my fate to 
hold sorrowful inquest. Railway extensions 
have altered the face of Southern India since 
1875, and soon the Native States of the south- 
western coast, passing under the influence of the 
great leveller, while they advance still further in 
prosperity, will inevitably lose those character- 
istics of infinite charm and historical interest, 
whereby we are enabled to grasp in some 
measure the nature of an old Hindu kingdom 
unaffected by foreign influences. 

It was my good fortune as secretary to that 
excellent institution Lady Dufferin’s Fund in 
Madras, and in various other capacities, to 
see as much of Indian women and Indian 
families as is permitted to the European man. 
It seems to me, therefore, difficnlt to say any- 
thing about the Presidency without referring to 
the debt its women owe to Ladies Dufferin, 
Grant Duff, Wenlock, and Havelock, and it 
may be permissible to take the opportunity to 
say again that the seclusion of women is a 
Mohammedan custom. Though the Hindus 
copied their masters, and the habit crept in 
among the rich, to some extent, everywhere, 
among the ordinary folk very little and chiefly 
where Mohammedan rule was best established, 
yet in India generally women are free to come 
and go, and walk and talk, though a high 
standard of female modesty enjoins a reserve 
amounting to a prohibition of intercourse with 
strangers. But where the zenana does exist, it 
is not the torture house it is represented to be. 
The Indian women, above all, love the system, 
though it is not tempered with liberty, and even 
possible license, under cover of,a blue domino 
and yellow top boots, as in Persia. The 
English women either cannot talk the native 
languages, or if they can are almost pledged 
to regard native customs as redolent of 
heathenism. The fact is, we greatly under- 
rate the liberty and the influence of women in 
India, and their intelligence. On the Malabar 
Coast, where you may, subject to certain 
limitations, and possibly as a somewhat ex- 
ceptional favour, converse with Indian ladies, 
you learn how charming and how sensible they 
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are, and how, as usually happens, their in- 
fluence is equal to their charms, and their 
good sense. It is probably little known in 
England that though the Hindu religion 
permits polygamy under certain safeguards, 
the instinct of the people is so monogamous 
and their domestic standard is so high, that 
they rarely avail themselves of the privilege 
unless the first wife has no male issue, in which 
case another marriage becomes a religious 
duty. Iam not at all sure that the domestic 
standards of the Hindus are inferior to those 
actually obtaining among European nations. 
An interesting essay might be written on this 
subject, and in many respects in this behalf, 
their tastes are not unlike our own. It is laid 
down, for instance, in the Vedas, that no girl 
should be chosen from an irreligious, unhealthy, 
or garrulous family, but one who is free from 
bodily defects, who has an agreeable name, 
and the graceful gait of an elephant or 
a hamsa, that is to say a goose or a swan, 
according to the taste of the translator. My 
audience smiles at the simile of the elephant, 
but it has often occurred to me as exceedingly 
just and suitable, when sitting for hours 
in a forest watching the equally dignified 
and graceful gait of these great creatures 
before their manners have been corrupted ina 
state of servitude to man. 

Great importance is attached by Manu to 
the treatment of women. ‘‘ Strike not a woman 
with a flower. It is natural that some de- 
clension from so high a standard is occasionally 
exhibited, and on one occasion a report was 
received by a railway manager to the effect 
“that one pointsman had thrown a stone at 
another, which fortunately hit the latter’s 
wife.” The writer of the report when asked 
why he considered it fortunate that the stone 
had hit the pointsman’s wife explained ‘‘ that 
otherwise it might have hit the pointsman.’’ 

The Madras Presidency is proud to possess 
some of the most successful irrigation works in 
India, and while we gratefully acknowledge 
the genius and industry of their creator, Sir 
Arthur Cotton, we must not forget that he in 
turn learnt from the old Indian irrigation 
engineers, who were, as the modern Indian 
agriculturists are, capable of making the most 
of their opportunities. Sir Arthur would never 
have got his great Kistna and Godaveri dams 
sanctioned, had he not discovered, when re- 
pairing ancient works on the Cauvery, thata 
very cheap and unsubstantial dam would defy 
any flood it was likely to have to encounter, 
if eemented by a covering impervious to water. 


Sir Arthur’s Kurnool Canal and Godaveri 
navigation schemes were, unfortunately, com- 
plete failures, but the balance of success is on 
his side. That there is something to be said 
on the other, should be apparent to those who, 
to quote Lord Curzon, write and speak as if 
every river in India which flows into the sea 
could be converted into an irrigation work, 
beneficial to the community, and justifiable in 
respect of its return to the taxpayer. 

It naturally occurs to anyone studying the 
condition of the people in a British province to 
contrast it with that of the inhabitants of a 
neighbouring native state. Other things being 
equal, and peace and general good govern- 
ment being assured by the paramount power, 
there is probably little difference in social and 
economic conditions, which depend rather on 
the climate and rainfall.* The cultivator is 
probably not more taxed in a Native State, or 
if he pays a higher land tax he is spared tax- 
ation for sanitary services, the most unpopular 
and probably not the most successful of our 
own administrative activities. In many, per- 
haps in most, Native States, so large a propor- 
tion of the revenue is not spent on com- 
munications, education, and irrigation, but 
where, as in Travancore and Cochin, as much 
is spent, and an unfailing monsoon makes 
any very serious failure of crops impossible, 
the people are probably at least as well todo as 
in any part of British India. Sir Lepel Griffin, 
ten years ago, came to a different conclusion, 
but we must take Native States as we find them, 
and Central India and rainless Rajputana are 
not the Malabar Coast. In some respects the 
sway of Native States is more acceptable to the 
people. For instance, there is less of that 
rigorous adherence to time and rule in making 
collections which was admitted by the Deccan 
Commission to have contributed in some 
measure to the poverty of the people, differ- 
ences of rank and position among the Indians 
are better observed, and all the officers speak 
the languages of their districts. In famine 
and other troublous times, however, our imme- 
diate subjects fare best. It is none the less 
astonishing to what an extent some native 
administrations, subject to no overt pressure in 
this behalf, employ Europeans in posts to 
which, by common consent, their own people 
are equal. 

Though you may easily spend your life in the 
country and never see a tiger or a snake, no 
address on any part of India is complete 


* Duke of Clarence in S. India, by J. D. Rees. Kegan 
Paul, 1001. 
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without some reference to its wild beasts. 
Better shooting can be got in Madras than in 
any part of the Indian Empire. Not tiger shoot- 
ing. Tigers are of little importance compared 
with elephants, who are much more dangerous, 
and with bison, who are far more rare. Alas! 
the days of big game shooting are numbered. 
I have seen antelope bounding away from 
the train in Kurnool, ibex disturbed upon 
their precipices by road - making on the 
Travancore hills, elephants charging two 
sportsmen in a little tree, and passing like a 
whirlwind over their camp in the western 
ghauts, tigers taking afternoon walks on the 
Nilgiris, bison grazing upon the high lawns of 
Cochin, bears blundering about the forests of 
the Northern Circars, so much game of so 
many sorts, it seemed hardly worth while 
to disturb the forest for a stag, the biggest 
game left to us in Northern Europe. I 
have shot with bullets charmed by a hill 
man, but not straighter than usual, have 
lived next door to a tiger, whose move- 
ments I learnt from the birds and monkeys in 
the trees, upon which I looked down, and 
beneath which he dwelt, without vouchsafing 
sufficient interest to show himself to his expec- 
tant neighbour. I have seen the descendants 
of a herd of ibex, the members of which fre- 
quented the precints of a church, and were 
almost worshipped by the Christians, so that 
they were banned by an Archbishop, and died 
slowly away, but never have I been a 
slaughterer, beyond a decent head or two of 
each species, but a protector of wild beasts. 
More should be done in this way, and particu- 
larly for that glorious, harmless, and fast- 
disappearing beast, the bison, who combines 
the strength and size of the elephant with the 
grace and beauty of the deer, and for game 
and plumage birds, to protect which outside 
the forests reserved under the Forest Act, their 
present only haven, legislative interference is 
urgently needed. The Government of Travan- 
core have recently passed a game law, which 
will be effectual if strictly enforced, but the 
British Government, unwilling to add the 
poacher to the list of the magistrate’s clients, 
thus unconsciously connives at the extirpation 
of beautiful and useful creatures, whose exist- 
ence adds a charm and an interest to life. 

No doubt there are difficulties, but in all hill 
districts legislation approximating to that 
which has been introduced into the Nilgiris is 
probably feasible. As regards the plains of 
India, municipalities and cantonments now 
possess the power to prohibit the possession or 


sale during the breeding season within their 
limits of wild birds, or the importation of 
plumage birds during that season, and within 
reserved forests complete protection is, or can 
be, secured. But insectivorous birds outside 
reserves need protection, and jungle fowl, pea 
and spur-fowl, paddy birds and kingfishers, 
jays, orioles and hoopooes, all of which are 
killed in large and increasing numbers for their 
flesh or for their plumage. It seems quite 
feasible to extend to localities, other than 
municipalities, and cantonmentst, the protection 
which is or can be given under Act xx., of 1887, 
within such areas. At any rate, it should be 
possible to take steps to bring about this 
desirable end without seriously trenching upon 
the privileges of the people. The Foreign 
Office has made a move as regards Africa, and 
English public opinion is ripe for action. 
Another animal which requires protection is 
the tiger. The indiscriminate offer of rewards 
by Government for killing this beautiful 
creature should be withdrawn, and the fact 
should be recognised that he is the firmest 
friend of the agriculturist. Just as witnesses 
have been divided into liars, adjectived liars, 
and scientific experts, so tigers may con- 
veniently be classified as deer-stalkers, cattle 
lifters, and man-eaters. The majority fall 
under the first sub-division and keep down 
the head of deer, who are the Indian farmer’s 
greatest foes upon the margin of cultivation, 
where alone tigers now operate. The second- 
class are no doubt troublesome, but the 
villagers require no stimulus for the destruction 


of such members thereof as declare war, who, 


indeed, generally select the feebler and less 
valuable heads of cattle. The third-class 
should be destroyed, and in their case the 
offer of a reward is fair enough, but very 
few tigers fall within it, and those who do 
are of such a crafty and malevolent disposition 
that the amateur sportsman finds it very diffi- 
cult to earn the blood-money. 

The Governor of St. Helena, who very likely 
this afternoon is attending a concert given by 
his Boer prisoners, painted a scene, in which, 
much to my dismay, I tumbled into a family 
party of tigers, and I hope His Excellency will 
one day follow with a painting of Mr. Edward 
Stonor and myself in a shrub. a little taller 
than the six foot grass, being charged by a 
cow elephant, which accused us, not without 
reason, though we were innocent in intention, 
of having contributed to the loss of her calf. 
Mr. Sterndale, whom we may fairly claim as 
a man of Madras, is famous as an animal 
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painter, and as a naturalist, and by all accounts 
he is more popular with the Boers than Sir 
Hudson Lowe was with the great prisoner of 
the island, a description of whose latter days by 
Lord Rosebery we have all lately been reading. 

l have ridden beside a friend who from the 
saddle pulled a twig off a tree, and when he 
touched up his horse with it, found that around 
it was curled a snake. On another occasion, 
crawling after an ibex on hands and knees 
upon the shelf of a precipice, I put one hand 
upon a little round snake, when really there 
was hardly any other spot to which to remove 
it. Once, too, I met a black panther on a very 
narrow gallery of rock, from which fortunately 
he leapt, apparently into space, but really to 
another shelf below, of the existence of which 
he knew. But the oddest adventure I ever had 
happened in this wise. I satin the morning 
in the forest when it looked and felt like a 
mysterious temple of the dawn, and the cool 
bright white early sunshine, piercing the green 
bower above by infrequent shafts, turned all the 
dewdrops of the cobwebs into diamonds. It is 
not on slaughter the mind runs at such a 
moment in such scenes, as sitting motionless 
upon the fern floor the intruder becomes 
instinct with the spirit of his surroundings. 
But on this occasion in some inexplicable and 
mysterious manner a herd of bison grew into 
the foreground, and I was loath to disturb 
these glorious beasts enjoying their birthright 
in scenes of which man seems hardly worthy. 
Long while I watched their movements and 
admired the symmetry of their vast yet 
perfectly proportioned forms. At last a big 
bull offered a shot so that a bullet was almost 
bound to catch him through the head and kill 
him dead on the spot, or to bury itself in the 
stem of a gigantic cotton tree not less than 
150 feet high. I fired and in a moment there 
was a crash like the sound of a falling world. 
The spell was broken, the temple was 
profaned, the eight bore rifle weighed no more 
than a toothpick, and I rushed towards the tree. 
The bull was not there, and then the sound 
of a splash followed as if the falling world 
had fallen into the water. I turned and raced 
towards the stupendous splash. The herd of 
twenty bison had plunged into a deep river 
brimming from bank to bank in the recesses 
of the forest, and as I rushed to the edge, 
while the last cow disappeared on the other 
side, I tripped over something, staggered 
forward, and seeing a python slowly uncoiling 
its folds beneath my legs, discharged a 
2 oz. bullet into its writhing coils. By 
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clutching the branch of a bush I was saved 
from falling into the stream, and when I 
recovered my self-possession I regretted the 
murder of the innocent, though loathly worm. 
Perhaps there is nothing extraordinary about 
this incident. Certainly there was neither 
straight shooting nor danger, but I can never 
forget the solemn silence followed by the crash 
and splash of the world dropping into the 
water. To fall over the father of. all the 
snakes was merely an additional, but an.un- 
deniably picturesque and unusual, detail. 

A propos of jungle life. We should never 
forget in Madras that it was Sir M. Grant- 
Duff, who, with the aid of Sir D. Brandis, took 
steps to preserve and reserve the magnificent 
forests of the Presidency, and to constitute 
them a haven of refuge for its fauna and flora, 
as well as a fuel and fodder supply for its 
inhabitants. 

Madras well holds its own in the Indian 
literary and journalistic world at the present 
day. Without referring to the Anglo-Indian 
press headed by the Madras Mail, the Hindu 
is probably the best paper, under Indian 
direction, published in English in India. The 
vernacular journals too, are, at least, equal 
to any published at other Indian capitals, and 
their attitude partly owing to the geographical 
position of Madras, and to the fact that the 
memory of independent rule doesnot linger there 
as at Poona, is less political and less critical 
than that of the Bombay Presidency. The 
names of Beauchamp, Meyer, and Sewell are 
well known, Mr. Rice takes the field in a line 
with illimitable possibilities, and Mrs. Penny 
has just published an excellent work on Fort 
St. George, reviewing its history since chiefs 
in council were admonished by the directors of 
the East India Company, ‘‘to manage their pens 
with more respect’’ since 26 soldiers represented 
the army of the Presidency, a formidable 
force which it was necessary ‘‘to forbid, when 
reproved and punished, to throw down their 
arms and refuse to perform their duties,’’ when 
private soldiers received ‘‘13 drubbs at the 
brich of a gunn for contemning of the govern- 
ment,” and one of the writers ‘‘ most impiously 
drank to the health of the devil,’’ for which 
crime ‘‘ so notorous and of so black a dye’’ he 
was condemned ‘‘to run the guntlope’’ and 
to be imprisoned ‘‘ till an opportunity of ships 
offered to send him to England, which the 
Governor and Council hoped would deter 
others from committing crimes so hellishly 
wicked.” 

Now that the British public is awakening 
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to the effects of the ignorance of modern 
languages upon its commercial supremacy, 
it may not be superfluous to note that in 
1680 ‘‘very few Europeans in Madras could 
speak the language, although the directors 
encouraged such studies by offering re- 
wards for proficiency.” The case is not very 
different to-day, and such encouragement as 
is afforded proceeds chiefly from the Go- 
vernors who have spent their lives in Eng- 
land, and not from the Civil servants, who 
have found the natives as willing, as they are 
capable, of saving them all trouble in this 
behalf, by learning English as a matter of 
course, and speaking and writing it with extra- 
ordinary fluency, and correctness of idiom and 
pronunciation. Whether this arrangement is 
as wise as it is convenient and trouble saving, 
is quite another matter. In a recent contro- 
versy in the Zzmes, to which I contributed, on 
the other side, it was actually held by some 
disputants, that as everyone learns English in 
these days, it is not worth our while to acquire 
any foreign language. The opposite view was 
urged with much force by a capable mercan- 
tile authority at a meeting lately held in Lon- 
don under the presidency of the Duke of Norfolk, 
and apparently Lords Salisbury and Rosebery, 
and Mr. Brodrick can be claimed as adherents 
to the side of which I am a humble member. 
To me it is inexplicable how any officer, 
other than a writer in the secretariat, can 
possibly perform in an efficient manner the 
functions of an Indian administrator without a 
far greater knowledge of the vernaculars than 
is required for passing the compulsory 
standards. As I was a Government examiner 
and translator in four modern Eastern languages 
and have also qualified as a Russian inter- 
preter, and by the higher standard in Arabic, 
I may claim to know what I am talking about, 
and just as in commercial life everyone does 
not learn English for the purpose of pushing 
English manufactures, so in official life those 
who relieve their superiors of the trouble 
of understanding what is going on around 
them do not invariably perform this useful 
function solely and wholly with a view to the 
public interests. 

There are many more subjects upon which 
I should like to touch if time allowed. To any 
one who has lived in Southern India it is a 
pleasure to return in imagination to familiar 
fields, which all who know them learn to like, 
which none willingly leave until they are bidden 
to make way for others, who will be younger, 
may be abler, but will not have a more deep, 


more abiding, and more sympathetic interest 
than those who have gone before them in the 
amiable, industrious, interesting, and, in most 
respects, admirable inhabitants of the Madras 
Presidency. 


DISCUSSION. 


The CHAIRMAN said although Madras was one of 
the oldest settlements in India very few people, even 
those who knew a great deal about India, knew any- 
thing of it. One reason was that travellers usually 
landed at Bombay, then went north to see the great 
historic cities, perhaps going up to the frontier, and 
they came down to Calcutta leaving the country by 
the P. and O., very seldom indeed stopping at Madras. 
In middle life he was for five years in charge of 
Indian affairs in the House of Commons, and in that 
time it was his duty to look at India as a whole, 
having no more special interest in Madras than in 
any other part of the country. When the Govern- 
ment with which he was connected was turned out, 
he went to India, and after journeying in many 
parts of the country came to Madras, and he 
eventually left it with far more ungratified curiosity 
than was the case with any other province of 
India he had visited. He little thought then that 
he would have to go back to Madras and remain 
there for more than five years. Not only had the 
reader of the paper been extremely informing and 
interesting, but he (the Chairman) thought he had 
very seldom listened to an address delivered in a more 
thoroughly good spirit. He, himself, looked at 
Madras affairs from a different point of view from 
that of the reader of the paper, but anything more 
sensible and more generous than the conclusions to 
which Mr. Rees had come he had never heard. He 
entirely agreed with what had been said about the 
Abbé Dubois. He should advise any person who was 
interested in South India, who had not read the 
Abbé Dubois’ book, to read the excellent translation 
of it lately published by Mr. Beauchamp. He be- 
lieved what the reader of the paper had said 
about the comfort of the people was absolutely 
true. He used to make a point in travelling 
through the country, which it was part of his 
duty to do, to ask the Europeans who came in 
immediate contact with the inhabitants of the country 
how the inhabitants compared in their circumstances. 
with the people amongst whom they had been living 
in England or Scotland, and the answer usually was 
that the people, on the whole, in India were more come 
fortable. He entirely agreed with Mr. Rees’s remarks in 
regard to missionaries. The missionaries had been, 
were, and would be for some time to come, most useful 
in helping on Christian civilisation, but he did not 
believe one word of the Bishop of Calcutta's 
remark that a very great change in the opinions 
of the people was likely to take place. He almost 
entirely agreed with -Mr. Rees’s remarks on the 
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subject of wild beasts. It was necessary, under 
the Madras Act, that his permission should 
be given for the shooting of an elephant, and 
he never gave this permission under any circumstances 
whatsoever, save in the case of one or two rogue 
elephants which were very dangerous to man. He had 
great sympathy, too, with Mr. Rees’s remarks about 
tigers. People were just beginning to find out in 
India that they were at the very point of losing a 
valuable animal, the Western lion, which at one time 
existed over a very great portion of Northern India. 
Very vigorous methods were being adopted to prevent 
his destruction. He would like precisely the same 
methods adopted in various parts of the country for 
the protection of the tiger. Of course, there were 
occasions on which it was necessary to keep down the 
tiger. When he was in India a report was received 
from some hill district to the effect that the tigers 
were becoming too dangerous. A great outcry 
was raised, and accordingly he sanctioned a much 
higher reward than was usually paid for the 
destruction of the tigers, and ordered further 
every week that the latest information should be 
supplied. On one occasion a bundle of papers came 
into his hands containing such reports, one being a 
report in the following amusing language from one 
officer to his immediate superior :—‘‘ The other day, 
in the course of the evening, I found myself on turn- 
ing a corner, being armed with nothing but a shot 
gun, in the presence of a fine tiger. My old spaniel 
immediately recollected that he had pressing business 
at home, and I followed him to see what it was.” 
He did not know any single person in India to whom 
the country owed more than to Sir Dietrich Brandis, 
who was sitting opposite. The Viceroy first lent him 
to the Chairman for a year, and in that year he had 
put the whole of the legislation and the administra- 
tion of the Madras forests in order. He did, not 
believe that a more useful work was ever done in 
365 days in this world. 


Sir WILLIAM LEE-WARNER, K.C.S.I., conpratu- 
lated Mr. Rees on the interesting character of his 
paper, which breathed a spirit of delightful sympathy 
with the country and its pleasant inhabitants. The 
Society had heard about India as a whole, and it now 
wanted to hear fuller details about each of the provinces 
in succession. Madras properly came first. From it, 
and by the ability of its eminent servant Clive, empire 
had spread throughout the Continent. Calcutta and 
Bombay owed much to his genius. No province of 
India had a more glorious past than Madras. None, 
moreover, could boast such a glory of scenery, sea- 
scapes, landscapes, forests, magnificent waterfalls and 
undulating plains, or such a wealth of fauna and 
flora. Its social advantages were equally peculiar, 
and better relations subsisted between the natives 
and Europeans in Madras, than elsewhere. The 
speaker remembered that a lecture which he gave in 
Bombay, on “ Functions of Criticism,” produced an 
wnreasonable outcry from the Brahmans of Poona. 
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At the height of the wordy war of the local 
press, the venerable statesman, Sir Madava Rao, 
wrote to him from Madras, to express his entire 
agreement in the paper, and his dissent from the 
attacks which it provoked. As Sir Madava Rao 
was a stranger, and a leader of Madras opinion, the 
speaker thought that his action was a proof of the 
friendly and generous tone of Madras society. From 
Mysore also, he received innumerable proofs of the 
cordial and friendly relations which the air of Southern 
India promoted. But Madras had its drawbacks, and 
its peculiar virtues often made it a bad judge of 
Imperial problems. Its physical isolation left it out 
of the wash of many waves of feeling which deeply 
stirred the waters of Indian society in other parts. Its 
good neighbours, the sea on three sides, and an excel- 
lent compact Native State of Mysore, relieved it from 
police and extradition difficulties which in Bombay 
and other parts of India compelled Government to 
maintain larger police forces, thus adding to the 
expenses of administration. The extraordinary ex- 
tension of English education, due so largely to the 
magnificent work of missionary agencies, which still 
maintained in Madras the best Christian college in 
the whole of India, helped to promote a friendly 
interchange of thought and feeling, and was a solid 
influence for loyalty and order. There were no frontier 
wars, no very turbulent classes (except the few 
Moplahs), and generally the presidency lent itself to 
easy and cheap government. Therefore large ques- 
tions like the share of revenues allotted to Madras, 
or the possibility of diminishing the European element 
in the service, could not be settled off-hand for the 
whole of India, merely because the Southern Presidency 
enjoys advantages unknown to the other Provinces. It 
would be most dangerous to judge India by the ex- 
perience of a part of the Empire which was so essen- 
tially dissimilar from the rest of it. The speaker 
differed from Mr. Rees on two points which seemed 
to him of some importance. He felt that the Native 
States in the south would be well advised to follow 
the example of States in other parts of India which 
practically granted religious toleration. Act XXI., of 
1850, might not be a perfect Act, but it represented a 
sound idea, and its educative effect went beyond its re- 
medial effect in removing cast disabilities. The Queen’s 
gracious Proclamation was as sound a guide in the 
Native States as in British India, and any law which 
deprived a Christian father of the custody of his 
infant children, merely because he was a Christian, 
was not in accord with the spirit of the age. Mr. 
Rees also went too far in generally deprecating 
changes, and his quotation from the Vedas suggested 
the erroneous idea that Hindus of the present day 
lived according to the early Aryan doctrines. This 
was amistake. If India would only change back to 
the more liberal tenets of the Aryans, it would be a 
great reformation. No doubt archaic institutions had 
their charm, but Madras must accept the law of 
Nature, and submit to progress and growth. In con- 
clusion, he hoped that Mr. Rees’s example would be 
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followed by others, and that we should have a series 
of equally interesting papers upon each one of the 
provinces of India. 


Mr. F. H. SKRINE said that while he was a 
Benga! officer he felt a predisposition in favour of his 
own presidency, and was inclined to look down upon 
Madras as a benighted place. it was cut off as 
much from the rest of India as Britain was from 
Europe in the Roman times. But he found many 
of his prejudices dispelled when he went to Madras. 
He found that with regard to the material side of life, 
its “scaffolding,” to use a happy expression of the 
Chairman, Madras was very much ahead of his own 
presidency. The native officials were housed better, 
lived in better style, and had more solid happiness in 
their districts and stations than was the case in 
Bengal. Dealing withthe people at large he found 
the relations existing between the Hindoo population 
and the European extremely satisfactory. That was 
due to the fact that English was very largely used 
in Madras, all native servants speaking it. In Bengal 
the Europeans could not converse with their valets 
or cooks except in their native language. In Madras 
Europeans insisted upon the people learning the 
English language and conversed with them in it. As 
Sir William Lee-Wamer had said, if community of 
language did not create loyalty it certainly created 
sympathy between man and man in social inter- 
course. He had one or two criticisms to make with 
regard to the state of the people as described in the 
paper. He considered the statements were too 
optimistic, especially with regard to famines. He 
arrived in Madras when a famine was at its height, 
and found the whole of the foreshore piled with 
bags of sprouting and germinating grain—a perfect 
jungle of rice. That had taken place owing to the 
mismanagement of the famine by the Government. 
He was attached to a large district in the centre 
of the presidency, and he there found that one- 
third of the population had died because the relief 
operations were not begun until the crisis had almost 
passed. The administration of the famine of 1877-78 
could not be looked back upon with any feeling of 
self-congratulation. A great deal had been said 
about the solid contentment and physical happiness 
of the population of Madras, but when two successive 
failures of the annual rainfall occurred, and the popu- 
lation were at once plunged in immense misery, it 
could hardly be said that economically they were in 
a satisfactory state. The margin between want 
and plenty was very narrow indeed, the people 
having very small resserves of grain. With all 
deference to the reader of the paper, he considered 
the taxation all round was pitched rather higher 
than it ought to be. Three-quarters of the 
revenue of Madras was spent in maintaining 
an alien Government. If Mr. Rees had gone into 
figures and facts more closely he would have found 
that the Madras ryot was left by the current revenue 
system in possession of an amount of grain and 


physical resources which were insufficient to tide over 
a period of scarcity. Mr. Rees’s warm sympathy 
in the interesting and charming people of India 
simply bubbled over, and it extended to the beasts 
of the forest. When he was magistrate of a district 
which bordered the great Brahmaputra River he 
found parts of it in the cold weather overrun by 
little aborigines from the central province, who 
wished to earn the Government rewards for killing 
tigers. They brought with them enormously 
powerful bows, which was fired by a trigger, and 
discharged with great violence a poisoned arrow- 
Wild beasts did not range the forests, they all had 
their paths strictly defined. These sportsmen set 
the bows by tying them to a tree, then fixed the 
arrow in the string, which was released by the 
trigger, operated by a string stretched across 
one of these paths. A  post-prandial tiger would 
be going down to the river to have a drink; 
he touched the spring, felt a prick, gave a roar, 
thought nothing of it, went home and gave up the 
ghost. The speaker had had to pay as much as £50 
or £60 a month to these interlopers for shooting tigers, 
Soon afterwards a loud cry arose from the ryots in 
the villages near the Brahmaputra, who said that he 
was ruining them by destroying their best friends the 
tigers which kept down the deer from encroaching 
on the cultivations. So he had to put a stop to 
the killing of tigers. The next time the tribesmen 
came he took their bows and arrows away and 
paid their expenses back to their province. In 
three years’ time the cultivators were smiling and 
happy because there were plenty of tigers. When 
he reported the facts to the Government he re- 
marked that the balance of Nature should not be 
ruthlessly trampled upon. 


Sir HENRY WILLIAM BLIss, K.C.I.E. said he 
wished to correct a misapprehension which might 
prevail after the remarks of the last speaker, who had 
spoken of the Indian agriculturalists’ small reserve of 
grain. He had had a considerable experience of 
famine work, and remembered the famine of 1866, 
during which he did a considerable amount of work 
in the central portions of the Madras presidency. 
He was also engaged in combating famine in 1877. 
He also remembered what might be called Lord 
Wenlock’s famine, in which that gentleman rode all 
over the country and did an immense deal of work in 
his endeavour to set things right. That was in 1891 
and the beginning of 1892. He was also engaged in the 
years 1897 and 1898, so that he spoke with some 
knowledge of the subject. When the rain began to 
fall in the autumn of 1877 they all wondered where 
the people would get grain wherewith to sow their 
fields and the cattle to plough them with. But 
somehow or other when the rain fell, the cattle were 
found, the ploughing was done, and the seed was ` 
sown. At the present moment, after two years of 
serious famine, if they were to go into any village in 
the Central Provinces where the famine had been as 


Aday 10, 1901.] 


JOURNAL OF THE SOCIETY OF ARTS. 


487 


bad as anywhere else, it would be found that all the 
better class of cultivators, the people who were above 
the status of day labourers and were not necessarily 
living from hand to mouth, had a more or less large 
supply of grain stored up somewhere. Some of them 
kept it in their houses, others buried the grain in pits in 
the fields. But that the grain was somewhere was to 
his mind practically certain, because it was proved 
by statistics in 1877 that the imports of grain by rail 
into a given tract of country were altogether insufficient 
to maintain the population. No doubt the high price 
of grain led to terrible suffering, but be did not think 
that at any time, even during the worst parts of the 
famine of 1877, there was an absolute lack of grain 
in most places. He was constantly moving about in 
camp, but could not remember a single occasion on 
which there was the least difficulty in finding food for 
himself and his servants. Mr. Skrine had spoken of 
the friendly relations which prevailed between 
Europeans and natives in the Madras presidency. 
He quite agreed with him as to the fact, but he could 
not agree that the great extent to which the English 
language was known in the presidency was the cause 
of the good feeling which prevailed. His own 
experience had been that those natives of whom he had 
had the highest opinion, had very frequently indeed 
been men who were absolutely ignorant of the English 
language. He had no doubt that tbe feeling between 
European and native was better in Madras than in 
other parts of India, and this was borne in upon him 
on his first visit to Northern India in the beginning of 
1880. He then noticed at once that there was a 
difference in the demeanour of the European to the 
native and of the native to the European. He put it 
down, not to the mere knowledge of the English 
language, but to the fact that the Madras Presidency 
had been happily spared any practical personal know- 
ledge of the horrors of the Mutiny. He believed that 
the feelings, which were aroused in those days, had to 
this time, nearly 40 years later, not entirely died out, 
and it was to the existence of those feelings, unfortu- 
nate as they were, that the want of friendly sympathy 
between European and native must be attributed. 


The CHAIRMAN, in proposing a vote of thanks to 
Mr. Rees for his excellent paper, said that evidently 
Mr. Skrine did not know that Mr. Rees was a very 
well known sportsman. He was the only individual 
he knew who had succeeded in killing at the same 
time two tigers with the right and left barrels of his 


gun. 
The vote of thanks was carried unanimously. 


Mr. J. D. REES, in reply, said that when Sir 
William Lee-Warner pointed out that in Madras only 
28 per cent. of the revenue was required for expenses, 
and that fewer police were necessary, he was only 
bearing out what he him:elf said in his paper that 
Madras was really much the best behaved part of 
India. It seemed to him that the fewer the 


policemen the better the people, and if they could 
get along with less money than elsewhere, so much 
to the credit of the administration. He agreed 
with Sir Henry Bliss in his remarks with regard 
to the good feeling which existed between the 
native and the European. Sir William Lee-Wamer 
thought that the prevalence of the English lan- 
guage accounted for the excellent feeling which 
existed between the Indian and the Englishman, 
but he ventured to think nothing was more likely 
to promote sympathetic feeling between them than 
a knowledge on the part of the European of the 
.yernaculars. He entirely agreed with what Sir 
William Lee-Warner had said about the Christian 
College and the splendid work done by Dr. Miller. 
He was afraid, however, he did not agree with him 
in what he said on the subject of religious toleration, 
Anact had been passed by the Government of India to 
prevent any disability accruing from conversion, and 
Sir William had said that the Act was enforced all 
over India. His point was that it was a dead-letter, 
and that that Act and several others which were not 
in consonance with the feelings of the people, 
cumbered the Statute-book. Hedid not put forward 
the Rig Veda as containing Statutes at present in 
force in India, but merely quoted a part of it, which he 
thought would be allowed, as the Vedas were a crystal- 
lisation of what was best in Brahminism. Sir William 
Bliss had pointed out that Mr. Skrine misunderstoed 
his remarks with regard to the famine. He referred 
to the famine of 1891, but Mr. Skrine had made his 
remarks about the management of the famine in 
1876-77. His point was that in the 25 years, which 
had since elapsed, the Madras Presidency had learned 
how to treat famines exceedingly well, so that in the 
Madras scarcity in 1891 and in the famine in the 
Central Provinces in 1897 one could hardly tell that 
there was any very serious distress, while in Bombay, 
owing to its being a comparatively new thing, the 
officers, and the people in particular, had not yet 
learned so thoroughly how to meet it. With regard 
to the mortality, there was hardly any mortality in 
1891 and 1892, and Mr. Skrine’s remarks, therefore, 
did not apply to what he said. He did not merely 
and only complain of the large contributions which 
Madras made to the Imperial Exchequer, but he liked 
Madras to have credit for them, as it was so well 
managed that it could contribute so much more to 
the Imperial revenues. He most cordially agreed 
with the remarks of Sir Henry Bliss, who had given 
expression to his own experience, namely, that in the 
last 25 or 50 years the resources of the people had 
enormously increased. It was now the fact that 
neither one nor two bad seasons made a famine. It 
took three bad seasons to make a famine, and then 
when the famine came the people were fed. He 
was happy to say that the famine could be met in 
Madras and the Central Provinces, it was to be 
hoped that the dreadful sufferings of Bombay would 
never recur, but he was sure if ever that presidency 
was again so scourged, the authorities would be 
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the more prepared owing to the experiences of the 
present visitation. As to Mr. Skrine’s remarks upon 
shooting, he had not troubled the audience with any 
reference to what was printed in his paper on this 
subject, which after all was perhaps not quite suitable 
to the atmospkere of the Society of Arts, though 
while shooting, a man had unique opportunities of 
picking up information at first hand about the 
people. Anything learnt this way had more than 
75 per cent. of truth, the maximum Mr. Winston 
Churchill allowed to the official article. 


EIGHTEENTH ORDINARY 
MEETING. 
Wednesday, May 8, 1901; SIR OWEN 
ROBERTS, M.A., D.C.L., F.S.A., Treasurer 
of the Society, in the chair. 


The following candidates were proposed for 
election as members of the Society :— 
Dewar, Douglas, N.W.P., India. 
Dos Santos Remedios, Eugenio Francisco Xavier, 
_ 31, Wyndham Street, Hong Kong, China. 
Faridi, Khan Bahadur Fazlullah Lutfullah, The 
_ Customs House, Bombay, India. 


The following candidates were balloted for 
and duly elected members of the Society :— 
Andrew, George Edward, H.M.S. Resolution, 

Channel Squadron. 

Dobbing, Frederic C., J.P., Calderwood, Chislehurst, 

Kent. 

Donkin, D., Albemarle, Wimbledon-common, S.W. 
Harrowby, Earl of, 9, Grosvenor-gardens, S.W. 
Miles, William, 114, Melody-road, Wandsworth- 

common, S.W. 

Roe, Captain B. O., Kulu, Punjab, India. 

Snell, Charles Scott, 51, Victoria-street, S.W. 
Swarup, Bishan, Jenapur, Orissa, India. 

Williams, Rose Lilian, 2, Royal York-villas, Clifton, 

Bristol. ` | 


The paper read was— 


. SCHOOL WORK IN RELATION 
BUSINESS. 


By SIR JOSHUA FITCH, LL.D. 


It was not without much misgiving that I 
accepted an invitation to address this audience 
on schools in relation to business, a subject on 
which there are probably many experts present. 
For I am not an expert. I have no connection 
or intimate acquaintance with commerce, and 
am no longer personally in near contact with 
schools. Such considerations as I now desire 
to submit to you are simply those of an out- 


TO 


sider, who has long felt keenly anxious about 
educational improvement, and who desires to 
see more meeting points established between 
the school and the actual duties of life. The 
current opinion among many parents is that 
school-work is too academic, and bookish, 
and that it does not furnish the best 
preparation for the duty of getting a living. 
Let us admit frankly that there is some truth 
inthiscomplaint. But it is not the whole truth. 
At the beginning of all our educational dis- 
cussions, we ought to accept these postulates ; 
that the man is more important than the artisan 
or the captain of industry or the clerk; that it 
is the first business of a school to give that 
general capacity, that training of the mental 
and moral character, which promotes industry, 
alertness of mind, and the power of application 
and the love of truth, and that these acquisi- 
tions are valuable alike in all the employments 
of life. We want to enable our scholars to get 
a living; but it is of still higher importance 
to enable them to live; and to live worthily, 
with all the best powers of their manhood, 
duly exercised and ready for any form of 
industry to which circumstances and oppor- 
tunity may take them. Hence a school system 
which is consciously or mainly directed to the 
work of any particular profession or calling is 
essentially narrow, incomplete, and a little 
ignoble. The time for such specific preparation 
comes, in the case of the school boy, after the 
age of fourteen, and is spent in a continuation or 
a technical school, and if such a school is to be 
of value it presupposes a good groundwork of 
general and non-technical instruction as a 
necessary condition. In the case of an older 
student who purposes to enter on the work of 
life, the special professional training takes the 
form of post-graduate study and discipline, and 
cannot be wisely commenced until the student 
has graduated, or at least has shown that he 
has received a liberal education. 

Nevertheless, while holding fast to this view, 
we may admit that our schools, whether primary 
or secondary, would be all the better if their 
teachers were less indifferent than they are to 
the claims of active life. There are certain 
parts of the curriculum of a school, which, 
without losing any of their value as intellectual 
exercises, might, if differently taught, send out 
our pupils better equipped than they now are 
for the life of commerce or of industry. The 
higher aim of education ought not to exclude 
or ignore the lower. Both are consistent and 
legitimate, and might well be pursued together. 
We do not want to resuscitate the ‘‘ commercial 
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academies ’’ of the last generation, in which 
private, and often wholly unqualified teachers 
sought the patronage of the less instructed 
parents by promising to prepare boys for the 
office or the shop; and then thought they 
were fulfilling that promise by means of elabor- 
ately written and flourished copybooks; by 
letters couched in business phraseology, by 
sums in tare and tret, partnership, and 
foreign exchange, and by the preparation of 
elaborate ledgers and cash books, recording 
imaginary transactions on a vast scale. I 
have elsewhere referred to the testimony of a 
London banker of large business experience, 
of whom I once asked the question, What are 
the qualifications you hold to be most impor- 
tant when you are seeking a new clerk for 
your bank ? His reply was very simple. ‘‘ Next 
to a good character and reputable family 
associations, it is requisite that he should 
have had a good general education, that 
he should write well, and have an intelli- 
gent acquaintance with arithmetic, and that 
he should of have learned bookkeeping. 
In the office we have our own system of 
accounts, and we can teach him in a few 
days all that is distinctive in that system. 
He would be rather hindered than helped 
In acquiring this if he came to us with a 
formulated set of rules such as he would 
gain in the use of the school-book exercises. 
A sensible knowledge of the principles of 
arithmetic is of much more importance than 
the use of a number of book rules supposed to 
deal with practical or business problems.”’ 

It is somewhat of a reproach to our English 
schools that the theory of number — the 
principles of arithmetic—as distinguished from 
the solution of questions and problems occupies 
relatively so unimportant a place in our teach- 
ing. This is partly owing to our ordinary 
method of conducting examinations, and to 
the unfortunate fact that so much of teaching 
is dominated by examinations, and restricted 
to what will ‘‘pay’’ in them. An examiner 
in arithmetic sets sums and problems, and is 
satisfied if the answer is correct. But of the 
processes by which the result is attained 
he takes little heed, while of the student’s 
knowledge of the ra¢zona/e of these processes, 
he cannot from the very nature of the test, take 
any heed at all. It is otherwise in the French 
schools. There a solution ratsonnée often 
oral as well as written, is a necessary condition 
of success in an arithmetic examination. The 
truth is that arithmetic is the only bit of real 
mathematics which has found its way into the 


curriculum of the elementary school, almost 
the only, certainly the best exercise in logic ; it 
is the one subject which makes the greatest 
demand on the scholar’s accuracy and concen- 
tration of thought. No other subject which we 
teach can approach it as a discipline in 
thinking, for in no other can certitude be 
attained by the same assured and orderly 
processes. Yet our school books give few or 
no demonstrative exercises. They make hardly 
any appeal to the reasoning faculty. They fur- 
nish a variety of empirical rules, and they group 
together a number of problems illustrating each 
of those rules. But when a question is pro- 
posed, the learner is often fain to enquire 
helplessly, ‘‘ What rule is it in ?’’—a sure sign 
that he has been unintelligently taught. Now 
it may be safely said that in just the proportion 
in which the principles of arithmetic are taught 
demonstratively the necessity for rules becomes 
less and less. The pupil who has learned 
arithmetic rather as a science than as a col- 
lection of artifices for the workmg out of 
problems is in a condition in which he can 
make his own rules. Yet what can be more 
unsatisfactory than the attempts often made in 
schools to explain the processes of arithmetic ? 
One hears a teacher give a lesson in sub- 
traction and talk of ‘‘ borrowing ten’’ and “‘ pay- 
ing back’’ one; though, whence the ten is 
borrowed, how the carrying of one can com- 
pensate for the borrowing of ten, or what is the 
ethical justification of such a process, is left 
completely obscure; and the pupil is rather 
bewildered than enlightened. So when he 
comes to deal with fractions he is told 
that to divide by a vulgar fraction is to 
invert the numerator and the denominator 
of the divisor, and then to treat it as a multi- 
plier and to proceed as in multiplication. 
When he arrives at the Rule of Three, he is 
to arrange the terms in a certain order, and to 
multiply the second and third terms together 
and divide by the first. In like manner he is 
taught to extract the square root of a number 
by a process which must seem to him a kind 
of numerical conjuring or legerdemain. It is 
true that in all these cases a correct answer is 
attainable, but it is after all the process of 
attaining it which makes the exercise really 
educational. When d learner is shown that if 
we make equal additions to unequal numbers, 
the difference between those numbers remains 
unaltered, the ordinary process of subtraction 
becomes intelligible, and might indeed be 
suggested bythe pupil himself. In like manner 
the theory of proportion, the involution of 
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numbers, and the extraction of roots admit of 
very interesting and effective demonstration. It 
is an insult to the understanding even of a 
young learner to give him rules which are 
unexplained, and which leave him with a vague 
sense of mystery and enigma, but without any 
of the discipline which would have enabled him 
to find out or to invent the rules for himself. 
I think men of business are justified in asking 
schoolmasters to teach more than they do of 
the theory of arithmetic, because without it the 
learner, when he comes into an office and finds 
himself face to face with questions not in book 
form, will, though hampered with the memory 
of a number of rules, be quite incapable of 
bringing his own thought and inventiveness to 
new problems as they occur. 

Another arithmetical process which hardly 
receives all the attention it deserves, chiefly I 
suppose because its results are not so easily 
tested by examiners is that of rapid oral com- 
putation. Here also the claims of intellectual 
discipline on the one hand, and those of active 
business life, are fully in harmony with each 
other. For quickness in perceiving the relation 


of numbers, concentration of the whole thought | 


on the one subject in hand and perfect accuracy 
in the result, are not only of indispensable im- 
portance in the shop or the counting house, but 
they are valuable forms of general mental train- 
ing, and are applicable not only to commerce 
but to many other of the interests and concerns 
of life. Here is the one region of educational 
discipline, in which there is no need of any 
exercise of reason or reflection. Swift intuition, 
the dismissal from the mind of all irrelevant 
thoughts, and the use of a process which, though 
he may have reasoned it out beforehand, does 
not for the moment enter into consideration, but 
is applied deftly, and by a happy knack, are the 
things wanted here; and there are many occasions 
in life, both in business and out of it, in which 
these qualifications are valuable. We are to 
remember also that in mental calculation 
rapidity is a great safeguard for accuracy. 
The quickest computers are the most correct. 
In running up a column of figures or in 
calculating interest or averages mentally, all 
thinking is intrusive and fatal. Here, then, is 
a department of school work in which the 
habit of mind so much needed in a smart and 
prompt man of affairs may be cultivated to 
good purpose, and may deserve to be called 
truly educational as well as practical. 

I think also that instruction in the ‘‘ Metric’’ 
system ought to take a more prominent place 
in the arithmetical course than is usually 


assigned toit. One must leave to Parliament, 
to Chambers of Commerce, and other public 
authorities the responsibility of deciding on the 
expediency of making a change in our con- 
fused system of weights and measures. But 
meanwhile it is the task of the schoolmaster to 
prepare the next generation to exercise an 
intelligent judgment on this question whenever 
it emerges into the region of practical politics. 
For a right understanding of the theory which 
underlies the whole question is not only of 
possible use in the conduct of business but it 
is of great intellectual value. For consider 
what is the problem presented to us. Arith- 
metic is the science of number and can only 
deal with units. But guantity is something 
different from number, and there are many 
quantities which we want to measure and to 
which we desire to apply arithmetical pro- 
cesses, and yet which are capable of continuous 
increase and do not come before us as units at 
all. These are time, length, area, capacity, 
weight, and value. In regard to all these 
magnitudes we need in comparing them to ask 
how much greater or less is one than the 
other. But arithmetic is obliged, before reply- 
ing, to transform the question into the shape, 
How many times is one greater or less than 
the other’ And it is only in this limited way 
and after determining the application of the 
word one to some fixed magnitude that the 
science of number can reply to the question at 
all. The remarkable fact is that Nature in her 
boundless variety does not furnish us with 
fixed unalterable units except in regard to the 
first of these. She marks off for us three 
units of time, the solar year, the lunar month, 
and the day. But she knows nothing of the 
century, the week, the hour, the minute, or the 
calendar month, except as any one of them 
happens to be the multiple or the sub-multiple 
of one of her own three units. As to length, 
there is no one natural fact or object of which 
we can say that it provides us with a fixed and 
unalterable standard of length, such as could 
be rediscovered by scientific verification if the 
standard were lost. There are millions of 
leaves on trees; but where is the one orm or 
typical leaf, whose dimensions can be accepted 
as the basis of perfectly accurate measurement ? 
Then there are the sizes and proportions of the 
parts of our own bodics—the wzcza or inch, 
the breadth of the thumb; the amd, or four 
such lengths; the foo/; the cwdz¢; and the long 
ell, the «čna or yard, which William of 
Malmesbury tells us was taken from the length 
of Henry I.’s arm. But all thes: measure- 
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ments assume that the proportions are fixed, 
or at least that they are the dimensions of the 
average man. Now I am not sure that 
I ever saw the average man or that I should 
know him if I did. Hence our ancestors 
were fain to select a standard from the 
vegetable world to make the basis of our 
tables both for length and weight. They took 
three barleycorns sound and dry from the 
middle of the ear, and to the length of these 
when placed together they gave the name of an 
inch. And for a unit of weight we take one of 
these grains, and then make up an elaborate 
table of ounces, of pounds avoirdupois or 
pounds troy, with an irregular sequence of 
numbers which are a trial both to the memory 
and to the temper of the young learner. But 
if we want to verify in a scientific way the 
accuracy of the unit, nature does nothing to 
help us, for neither the length of a barleycorn, 
the weight of a grain, the contents of a bushel, 
or the proportions of the human body are con- 
stant and unchangeable, and capable of being 
recovered by verbal description if our existing 
standards of measurement are lost. We are 
obliged, therefore, to invent artificially our 
standards of measurement. 

It is manifest that if we could once resolve 
on some standard of length, it would be easy 
to construct from it other measures. For a 
square drawn on the linear unit would supply 
us with a measure of surface; a cube erected 
on the unit of surface gives a unit of bulk or 
capacity available either for solid or liquid 
measure ; a certain prescribed bulk of some 
substance—say water—will serve as a unit of 
weight, and a certain fixed weight of one of the 
precious metals, furnishes a unit of value which 
may be taken as the base of the monetary 
system. Hence the first effort of the 
philosophers in 1791—an effort in which 
they failed altogether to secure the co- 
operation of English men of science, owing 
to the national dread which was felt 
at that moment, of any ideas which emanated 
from revolutionary France—was to find a unit 
of length. At first it was hoped to make this 
discovery by determining the length of the 
seconds pendulum, seeing that by this means 
it would be possible to found a metric system 
on the one unit which nature furnishes, that 
of time. But it was found that the deter- 
mination of the unit in this way was full 
of difficulty, and, on the advice of Delambre, 
Méchain, Biot and Arago, it was at last 
determined that the most trustworthy basis of 
measurement was to be found by taking an 


accurate measure of the surface of the earth. 
They reasoned thus :—‘‘ Whatever else may 
be variable in nature, here at least is our own 
planet, the size of which does not as far as we 
can tell increase or diminish, and as we live 
here and are not at present likely to have 
commercial or other relations with the 
dwellers in other worlds, let us find out 
the actual dimensions of a definite portion 
of our earth’s circumference, and let us 
take that as our fundamental unit of length.” 
Accordingly a careful trigonometrical survey 
was made with a view to determine the length 
of a certain fraction of the line measured 
from the North Pole to the Equator. An arc 
of the meridian extending from Dunkirk to 
Barcelona was taken, and at last, in 1799, the 
French Legislature was in a position to decree 
that the ten-millionth part of the distance from 
the pole to the Equator should be called the 
metre, and constitute the basis of the metrical 
system. The length thus fixed was found to 
differ very little from that of the second’s 
pendulum in the latitude of London and at the 
level of the sea. Itis 39°37079 English inches, 
or ‘about one yard and one-tenth. Thence all 
future steps in the problem became easy and 
simple. From the decametre, or a line ten 
metres long, you obtain the unit of square 
or superficial measure the ave. From the metre 
also you obtain the cube which gives the szere 
or unit of solid measure ; while the cube of the 
tenth part of the metre serves as the unit of 
capacity for liquids, and is called the /:fre. A 
cubical vessel which has for the length of one 
of its edges the hundredth part of a mefre is 
filled with distilled water, and furnishes us with 
the gramme or principal unit of weight, and 5 
grammes of sterling silver constitute the franc 
or the unit of value—the basis of the French 
monetary system. Having the units thus 
fixed it remains to make each of them in turn 
the basis of decimal calculation, and by the 
use of Greek syllables to dedicate the multiples 
and Latin prefixes to denote the fractional 
sub-division, a complete system of decimal 
notation is established, and is self-explana- 
tory. Words like &:lometre, decigramme, 
hectare, carry their own signification with 
them, and the boys in countries wherein 
this system prevails have, in fact, no tables 
of weights and measures to learn, since 
every sum which has to be worked in com- 
pound arithmetic is calculated by tens exactly 
as if the figures were simple integers. It need 
hardly be added that in the one department of 
compound arithmetic in which purely natural 
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standards exist—that of time—this ingenious 
device entirely fails. For Nature absolutely 
refuses to be decimalised, and her three 
unalterable units—the solar year, the lunar 
month, and the day—are hopelessly incom- 
mensurable, and no one of them can be 
decimally expressed in terms of either of the 
others. 

Now some definite teaching on this in- 
teresting subject ought to be included 
in the curriculum of all our schools, 
primary and secondary: (1) because of the 
increasing use of the metric system in all 
kinds of scientific measurements, and in 
the manufacture of instruments of precision ; 
and hence the necessity which arises for 
frequent conversion of foreign lengths and 
weights to English standards; (2) because the 
expediency of introducing, or at least of 
legalizing the use of that system is sure to 
become a subject for the consideration of 
practical statesmen ere long, and it is well 
that the young should be rendered capable of 
understanding and applying it when the time 
comes. But besides and beyond all commercial 
considerations, the investigation of the origin 
of our weights and measures, the logical 
and historical conditions of the problem 
and the scientific basis of a symmetrical 
system is itself a valuable intellectual exercise. 
It brings into prominence certain elementary 
facts of science. It sets the learner thinking 
about them. It teaches us to distinguish 
between what is natural and necessary, and 
what is purely arbitrary and conventional in 
our arithmetic. And it furnishes a key to much 
additional knowledge, which is fruitful in 
many other departments in life and ex- 
perience besides those which are connected 
with politics and commerce. 

Meanwhile it is often overlooked that our 
existing monetary system admits of convenient 
decimal treatment. Two shillings equals ‘1, 
or decimal one of a pound sterling; ‘o5, or 5 in 
the second place equals a shilling ; and -o025 in 
the second and third places represents sixpence. 
The rule for converting money into decimal 
form, and reconverting all decimals of £1 into 
our current money may be learned in five 
minutes; and once learned enables us to 
express all sums of money not below sixpence 
with perfect accuracy. Hence all calculations 
of interest, discount, and the like, may become 
simplified, without waiting for any legal 
change, by decimalising our own money for 
purposes of account. Of course if we go 
below sixpence and treat the farthing as -sbs 
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instead of 52, of £1, there is liability to error. 
But otherwise the method is unerring and 
deserves more general adoption in schools. 

For the right conduct of business, we need 
also a more accurate knowledge of our own 
language and command of its resources than 
is usually imparted in schools. The merchant 
needs agents who know how to convey their 
meaning with clearness, with dignity, and 
with conciseness. But the discipline needed 
for this is not the writing of so-called business 
letters, in which the phraseology of the count- 
ing-house is ostentatiously employed. The 
boy destined to be a man of affairs should 
know how to express himself generally on any 
subject that interests him and on which he has 
something to say. Many of our school exer- 
cises in composition are concerned with subjects 
that do not interest him, and on which he 
has little or nothing to say. The scholar 
needs both for his future business life, and for 
his own inward mental cultivation, the same 
things—the habit of reflection, the power to 
choose the right word, the abstinence from 
pedantry on the one hand and from slang on 
the other—and these qualities will be best de- 
veloped in him by more frequent practice in 
writing freely, yet under criticism, on any 
subject within the range of his own experience— 
the description of what he has seen or admired, 
the facts and incidents of his daily life, the 
summary of the contents of some book he has 
read, and even his own thoughts and specu- 
lations about matters of public interest, such 
as the war, an election, the work of Parliament 
and local councils, or any subject which 
happens for the time to possess exceptional 
public interest. This is now very generally 
recognised in our best but not yet in all our 
elementary schools. Whoever is able to write 
fluently and in good taste on such topics will be 
ready to conduct commercial correspondence 
when he enters a place of business and learns, 
as he will do in a very short time, what are the 
particular transactions of the house, and the 
vocabulary it is accustomed to employ. 

And it is not only the written but the oral use 
of language in respect to which the man of 
business has a right to ask the schoolmaster 
to help him. We are accustomed to regard 
all exercise in the use of language as something 
to be written ; and this is because teachers are 
sorely tempted to adapt their lessons to the 
requirements of examiners, who always use a 
written test. But if we look with fresh eyes 
upon the claims which are made upon us, 
both in the ordinary intercourse of life and 
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in commercial pursuits, we shall see that 
the power of oral expression, of promptly, 
fluently, and exactly expressing our own 
thoughts in our own words is in itself a 
very valuable power, which ought to be held 
in more esteem. Nothing struck me more in 
the schools of America than the importance 
attached by teachers to practice in the art of 
speaking. They would not be content, as 
English teachers often are, to receive answers 
to questions in the form of single words, or to 
obtain from the scholars simple affirmative or 
negative answers. They required answers to 
be in whole sentences, and not necessarily in 
the words of the book. And at the end of a 
lesson they would often call out a pupil and 
say, ‘‘ Now stand up and tell the class what we 
have learned.’’ I attribute the greater fluency 
and correctness with which Americans express 
themselves on public occasions to the habitual 
use of what I might call oral composition in 
their schools. We certainly need more of it in 
ours. The trader especially is interested in 
having agents who can explain a matter of 
business in a fitting and effective fashion, and 
who has at his command facts and arguments 
which are promptly available whenever they are 
required. Herein the demands of active life 
coincide with the demands of the moral and 
the intellectual life; for in both it is found 
that exact expression is at once a cause and 
an effect of accurate thinking. 

Geography is a subject which is held in 
small favour in the public schools, and in many 
secondary schools. But it is often taught in a 
very interesting and effective way in the best 
elementary schools. It is a subject in which all 
teachers alike are tempted to rely onthe memory 
of mere names and statistics, partly perhaps 
because they are easily learned without much 
thought and because it makes a great show 
in an examination paper to set forth the 
length of the Amazon, the population of the 
North-West Provinces, and the latitude and 
longitude of Nootka Sound. Yet these and 
the like details are little more than encum- 
brances to the portative memory, and all 
we need in relation to these facts is to 
know where they are to be found and how to 
refer to them on the very rare occasions in which 
they are wanted. Geography, when well 
taught, may be made, both from the educa- 
tional and the commercial point of view, 
one of the most fruitful of school exercises. 
Physical facts about climate, soil, nearness 
to the sea or to mountains must first be 
shown, and afterwards the influence of these 
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conditions on the wealth, the civilisation 
of the country, the employment of the people, 
their industry, and their political institu- 
tions. Descriptive geography is needed to 
give to the learner a sense of the richness, 
the variety, and the beauty of the world in 
which he has come to live; and Commercial 
geography then has its place when the nature 
of the productions and the distribution of the 
population are shown to be the result of 
physical conditions. All knowledge of this 
kind is not only full of interest in itself and 
highly stimulating to reflection, observation, 
and inquiry, but it has a direct bearing on the 
career of the future merchant. It is the testi- 
mony of Mr. Baker in his valuable report on 
technical and commercial instruction presented 
last year to the Board of Education, that — 


‘*The German system of commercial education is 
benefiting the nation as a whole, raising the standard 
and the enjoyment of life. In Unter den 
Linden at the offices of the great steamship lines I 
found the models of the great liners that now encom- 
pass the earth even as do our own vessels. It is but 
afew years ago and it would have been impossible 
for a German to have travelled as he now can in a 
German liner to North and South America, the 
Mediterranean, Suez Canal, India, China, Japan, and 
Australia. The teaching of commercial geography 
has opened the eyes of the Germans to the value of 
direct communication with those parts of the world 
where German goods are in demand and where 
German emigrants congregated.”’ 


To the children of our own country whose in- 
dustrial and commercial relations to the rest of 
the world are so vast, it need hardly be said 
that the importance of this kind of instruction 
is greater than in any country in the world. 
Nor is it necessary to add that the enlarge- 
ment of the mental horizon, which is the direct 
result of such training as this, is as valuable to 
the ordinary citizen as to the man who hopes 
to use his knowledge as a means of getting a 
living. 

There is also a place—and it seems to me a 
very important place—in the scheme of instruc- 
tion even of an elementary school for the 
elements of Economics and Political Science. 
The laws which govern our industrial life, 
the division of labour, the circumstances which 
determine the rate of wages, the interchange of 
products between nations, the reasons for 
thrift and forethought, and the qualities which 
are most likely to ensure success in practical 
business, are all topics which admit of very 
easy illustration, and which can be made 
exceedingly interesting to thoughtful elder 
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scholars, when the teacher knows how to 
deal with them. The late Mr. William Ellis, 
one of the shrewdest and most successful 
business men in the City of London—the 
actuary and secretary during many years in the 
Indemnity Office—was strongly convinced of 
the need of some such instruction, and wrote 
several books on the elements of social and 
economic science and the phenomena of 
industrial life. He was an enthusiast; and in 
early mornings, and at such intervals as he 
could spare from a very absorbing profession, 
he would get a class together of elder pupils or 
young teachers from a school and hold with 
them, in Socratic fashion, conversations on 
wages, on saving, on interest, on the effect 
of strikes, on the use of banks, on wise and 
unwise investment, on taxes and kindred 
questions. I was permitted to be present at 
one or two of the lessons; and I was parti- 
cularly impressed with two things (1) the 
readiness with which the boys responded to the 
teacher, took part in the discussion, suggested 
questions and difficulties, and showed interest 
in the subject. (2) The ethical value of such 
lessons. 
punctuality and general efficiency on the part 
of the subordinate became more and more 
prominent as the lesson developed, and as the 
relation between conduct and industrial success 
was effectively illustrated by examples. The 
duty of self-cultivation was insisted on, not by 
way of didactic exhortation, but by a series of 
inductions from actual experience. ‘‘ Make 


yourself useful and you will be used,” he: 


would say. ‘Your services will at first be 
accepted, afterwards sought for, and more 
and more as you make yourself more useful. 
Your anxieties and efforts at starting are 
part of the trials and discipline that if met in 
a right spirit will form your character and 
bring you fruit in the future.’’ 

Thus the elements of economic science and 
some knowledge of the conditions of pro- 
fessional and economical prosperity are seen to 
have a very important bearing on the general 
education of the pupil, and on his aims and 
conduct in life, and are certainly not solely 
concerned with his career as a business man. 
Yet all business men will acknowledge that 
boys who have been conducted through such a 
course of training, and have been led to bring 
logic and conscience to the solution of some of 
the practical business of the world, are more 
likely than others to prove capable helpers in 
the details of business. And after all, the 
qualities of probity, industry, trustworthiness, 


For the absolute need of honesty, ` 


forethought and methodical thinking, which go 
to make the successful man of business, are to 
a large extent the same qualities which go to 
secure an honourable and useful life in any 
professional or public career. 

Let me here ask you to listen to some 
sentences written from another point of view 
by one of the foremost American authorities— 
the honoured Professor Eliot, the President of 
Harvard, the largest and oldest University in 
the States. 


‘The phrase ‘commercial education’ is likely to 
remind an American of the commercial course in a 
public high school or of the fictitious banks, offices, 
and shops of the private school called a commercial 
college. The so-called commercial course in an 
American high school is almost universally a course 
hopelessly inferior to the other courses, being made 
up by substituting book-keeping, stenography, type- 
writing and commercial arithmetic for some of the 
languages, history, mathematics or science of the 
classical or English scientific course. This course 
exists in our public schools, because it has for com- 
mitteemen and parents a practical sound. It seems 
as if the child who had learned a little about these 
technical subjects might be better able to earn its 
living earlier than the child who had only studied 
languages, history, mathematics and science. 

“ For the purposes of mental training or of mental 
power getting, this course is never to be recommended, 
and it is rare that the slight knowledge of these arts 
acquired by pupils in the public schools proves to be 
of much use to them in winning a livelihood. The 
so-called commercial schools supplement for many 
young people a defective elementary education, but 
they seldom train anybody for service above that of a 
clerk. It is not of any such training that I propose 
to speak. 

“I ask your attention for a few moments to the chief 
features of a commercial education capable of pre- 
paring men and women for much more than clerical 
service and much more than narrow retail trading. 
An indispensable element in the training I have in 
view is a sound secondary education—that is an 
education in a first-rate school, public, endowed 
or private which occupies the whole school time of 
the pupils from 13 or 14 to 18 years of age. This 
secondary education should include the modern 
languages, an essential part of a good preparation 
for the higher walk of business life. It may or may 
not include Latin, or Latin and Greek. Thus the 
German non-classical secondary education is a very 
substantial preparation for the higher walks of 
business life, although it includes no_ technical 
subjects whatever. It deals with modern languages, 
including the native tongue, the elementary mathe- 
matics, history and science, both pure and applied. 
For international commercial life in English-speaking 
countries a good knowledge of three languages 
besides English is desirable, namely, French, German, 
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and Spanish. A reading knowledge of the language 
will ordinarily suffice for principals, but for travelling 
agents, or agents resident abroad, a speaking know- 
ledge of at least two of these languages is desirable. 
This knowledge should be acquired at the secondary 
school. 

‘ Let us imagine a boy equipped at 18 with these 
broad fundamental acquisitions, and let us then ask 
ourselves what additional subjects should be treated 
in an upper commercial school. The following list of 
subjects is by no means complete, but may serve to 
give a fair idea of the diversity and difficulty of the 
subjects appropriate to superior commercial education : 
Economics, statistics, banking, currency, exchange, 
arbitrage, insurance, Government tariffs, transportation 
by land and water, commercial geography, climates, 
ethnology, commercial products by region and by 
nationality or race, consumption by region and by 
race, maritime legislation, blockade rights, neutral’s 
rights, commercial laws, industrial combinations of 
capital, labour unions, and if I may use a new but 
convenient word, financing new undertakings. Some 
of these subjects are already taught elaborately in 
universities, and the elements of general principles of 
all of them can be taught systematically to groups of 
pupils and enforced by examples and problems, just 
as well as styles of architecture, rules of evidence in 
law, or the diagnostic value of blood examinations in 
medicine are now taught and enforced in special 
schools. That a given subject has practical applica- 
tions and is to be really mastered only by much 
practice is no reason why it should not be taught 
systematically in its elements by teachers skilled in 
expounding principles and the guiding practice.” 


You have here a leader of thought in one of 
the most practical and enterprising communi- 
ties in the world, reminding us that the subject 
of which I am speaking to-night is only con- 
cerned with part of a larger and permanent 
problem :—What is the relation in which 
places of education should stand to the world 
of active life? Is it well that schools and 
universities should be isolated corporations, 
keeping apart, nurturing their own academical 
ideals, encouraging their scholars to practise 
that ‘‘ fugitive and cloistered virtue” which 
Milton said he could not praise ? Or is it not 
possible for them to preserve all that is best in 
their own region of books and mental exercises, 
and yet to render greater service than at 
present to the outer world of action and of 
conflict, in which men are striving, not ignobly, 
to secure money and material success, and to 
take their part in the race wherein the coveted 
‘‘ garland is to be run for, not without dust 
and heat?’’ And the answer to these ques- 
tions—if we can find it—is applicable to the 
whole field of our educational polity, from the 
elementary school to the University. The first 


duty of every place of instruction is to develop 
general power and character, and to concern 
itself with those studies which are appropriate 
to the age of the learner, which will help to 
make him a stronger and more intelligent 
Englishman, a better citizen, a better head of 
a family, and a wiser man, but which have no 
relation to the special employment by which he 
may intend to earn his living. The merchant 
has a right to say to the schoolmaster: Send 
me a youth equipped with skill, with intelli- 
gence, with a talent for further acquisition, and 
with a conscience, and I shall know what to 
make of him. The schoolmaster is not called 
upon specifically to teach trade. But it zs his 
duty to know something about trade—what 
are the mental and moral qualities which 
ensure success in it; what are the defects 
which the captains of industry have most 
reason to complain of, and at what stage 
specific preparation for the business of life may 
be properly linked on to the school or college 
course. The application of these general 
principles is the same mutatis mutandis, to 
places of education of all ranks, from the 
humblest infant school to the university. 

I have tried to show that in the primary 
school, with its course fashioned on the theory 
that it is to end at the age of fourteen, it 
is not well to attempt any subject consciously 
designed to meet the needs of the shop 
or office. The sole business of such a 
school is to lay a good foundation of general 
culture and of mental exercise such as may 
prepare for, but not prematurely to anticipate 
subsequent specialisation. But there are parts 
of the course which though applicable to all 
scholars, are of exceptional value to the future 
business man—these are, arithmetic in_ its 
principles, rapid calculation, the metric system, 
oral and written composition, industrial geo- 
graphy, and also some exercises in think- 
ing about social economics, and the way in 
which conduct and character tell upon 
the future honour and usefulness of the 
citizen. But after 14—in the higher elemen- 
tary school, in the evening continuation school, 
or in the polytechnic, a special class, devoted 
to commercial subjects, ought to be one of the 
alternatives presented to the scholar. Here 
comes in the usefulness of the well-considered 
and practical examinations of the Society of 
Arts and the London Chamber of Commerce, 
and the prizes offered by the Technical 
Education Board of the London County 
Council. I do not stop to criticise the 
details of schemes which are at present largely 
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provisional and tentative, and which are being 
elaborated by practical business men of the 
largest experience. On this point the scheme 
so recently inaugurated by this Society, with 
the help of Mr. Macan, seems to be judicious 
and full of promise, though it will probably 
need some modifications. It may suffice to say 
that--what the French call compfabilité— 
is a much wider term than mere book- 
keeping as understood in England. Draw- 
ing, shorthand, commercial history and geo- 
graphy, and at least one modern language, 
précis writing and economics, are sure to be 
regarded as staple subjects. But there is one 
condition on which I desire to contend as 
indispensable. It is that in every advanced 
technicalschool, whether in one understood to be 
secondary or one largely technical, the scholar 
who joins the commercial class, shall also join 
at least one other class, and shall be required to 
pursue Zari passu with his business studies 
some other study which has no relation to 
business; it may be art, literature, a branch 
of science, or general history; something 
which he is helped to study for its own 
sake, because he likes it, because his mind 
is enriched and strengthened by it, and not 
because he has to pass an examination in 
it, or finds that it has a market value in 
the city. In no other way can the right 
balance of mind and character be preserved, 
and the claims of the higher life duly 
co-ordinated with those of wage-earning. 
Even in the school of technology or of 
commerce, we may not forget that ‘‘man doth 
not live by bread alone.” Even there some 
room ought to be found for the culture of the 
literary taste, for ‘‘thoughts that breathe and 
words that burn,” for poetry, for fancy, and for 
the intellectual aspirations which give dignity 
to leisure, and joy to the home life. 

But it is after all, to the Universities that we 
ought to look for more guidance than they 
have ever yet afforded, in the solution of the 
great problem—the relation of scholastic cul- 
ture to the duties of active life. If in our great 
and ancient seats of learning, as well as in the 
modern enterprising provincial colleges, such 
as Manchester, Newcastle, Cardiff, and 
‘Birmingham, a high and generous conception 
here once formed of the needs of the nation 
in this regard, the standard thus set up 
would profoundly influence all the lower strata 
of education, and help to fashion the educa- 
tional ideals of schools and colleges of all 
ranks. The familiar gibe at the ancient 
Universities that they are places for the cultiva- 


tion of useless learning is not wholly a reproach. 
If we consider it well, it is, im one sense, a 
compliment. For it means that the Univer- 
sity seeks by research and by intellectual 
discipline to discover truth for its own sake, 
without concerning herself with the ques- 
tion—How will it pay? What material or 
visibly useful service can it render? The 
attitude of the Universities to the rest of the 
community has been ‘‘ We will do our best to 
send into the world the scholar, the thinker, 
and the gentleman, and to put into his hands 
the instruments of culture and intellectual 
power, and then let the world make what use 
it likes of him.’’ This is an intelligible, and 
by no means an ignoble, 7ó/e to assume. But 
it is incomplete. There is another part of the 
function of an University ; it is to ennoble and 
liberalise the higher employments of life. 
This duty has long been recognised in regard 
to what are called the learned professions— 
Divinity, Law, and Medicine. In each ofthese, 
by means of post graduate lectures and special 
examinations and degrees, means have been 
found to bring the future practitioners of 
these callings within the sphere of University 
influence ; to secure for them that they shall 
have at the basis of their life’s work a liberal and 
non-professional education ; and afterwards to 
give a scientific character to the professional 
studies when the time comes for specialising. 
What is now needed is that this principle be 
extended and be applied to other forms of 
industry. Engineering, chemistry, electricity, 
architecture, the art and science of teaching, 
textile manufacture, agriculture, banking, 
and commerce, all require skill and trained 
intelligence. Late and anxious experience 
has recently taught us that even the art 
of war is best practised by those who treat it 
as a science, and whose professional studies 
are founded on a liberal education. The fore- 
most men in all the higher departments in life 
should be qualified for recognition as members 
of learned professions; and this result would be 
attained if the University sought to bring them 
into close contact with its own venerable tradi- 
tions and intellectual life; first by requiring 
and helping them all to give evidence of the 
possession of good general knowledge, and 
next by giving a scientific direction to 
suitable post-graduate study, and conferring 
honorary distinctions on those who deserved 
them. InGermany, a larger proportion of the 
heads of great firms, banks, and industrial 
enterprises than at home are University grad- 
uates. And it is a circumstance of very happy 
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augury here in London, that in the statutes of 
the newly-organized University, there is pro- 
vision for special faculties of science, of engi- 
neering, and of economics and political 
science; and also for Boards of studies in 
hygiene and public health, in the science of 
education, in geology, palzontology, and 
botany, experimental psychology, agri- 
culture, and other subjects hitherto lying 
outside the purview of the purely academic 
system ; but capable of being brought within 
that province, and of becoming broadened and 
systematised in their treatment, by their recog- 
nition as integral parts of a university organi- 
sation, rather than as separate studies carried 
on in isolated colleges. From this point of 
view, the recent establishment of a London 
School of Economics and Political Science, by 
the energetic initiative of Mr. Sidney Webb and 
his allies, aided by the inexhaustible munifi- 
cence of Mr. Passmore Edwards, is an event 
of great significance in the metropolis. 
Affiliated to the new University, it starts 
with broader and more comprehensive 
aims than any academic institution hitherto 
known in England. It will show how the 
scientific study of economics, finance, banking, 
currency, statistics, municipal enterprise, 
sociology, and international law may be 
systematised, and made to tell not less on the 
intellectual life than on the material prosperity 
of London. And in just the proportion 
in. which it succeeds in making these sub- 


jects part of an academic course, it will 
render clearer the line of action which 
might with advantage be taken in all 


schools of a lower rank, for it will remove from 
commercial education the reproach of being 
supposed to be in the hands of empirics 
and utilitarians, and will show how right 
preparation for business is also preparation for 
citizenship, and for an interesting, well-ordered, 
intelligent, and happy life. 


DISCUSSION. 


Sir PHILIP MAGNUS said a great deal had been 
heard of late about schools of commerce, business in 
schools and commercial education, and he sometimes 
wondered whether they were much the wiser after all 
they heard, or understood better what commercial 
education really meant. He did not think there was 
such a thing as commercial education, unless it was 
the kind of education which was encouraged years ago 
by the Education Department, when it made payment 
depend entirely upon results. He understood what 
was meant by education preparatory to commerce, 
and this, he took it, was the subject on which the 


reader of the paper had spoken. An education pre- 
paratory to engineering or commerce was a different 
thing from what was generally understood as commer- 
cial education. He thought everybody who had con- 
sidered the subject had come to the conclusion of the 
banker quoted by the Sir Joseph Fitch, that a general, 
sound, secondary education was as good a preparation 
for commercial work as possible. The reader of the 
paper had not made a very great point of the value 
of a knowledge of modern languages in their 
relation to business, which he considered very 
essential. Probably one of the chief distinctions 
between the education preparatory to commerce and 
other pursuits, was that more attention should be 
given to the study of modern languages by those 
who were likely to enter commercial houses, than by 
other persons. The study of modern languages was, 
be thought, the distinguishing mark between so- 
called commercial and general education. Mr. Baker 
who had visited German schools, said in his report 
that the Germans paid a great deal of attention to 
commercial education, and English people ran away 
with the idea that it was so. He had lived in 
Germany for some time, and had come to the 
conclusion that no material part of the German 
success in commerce was due to their commercial 
schools. He could not agree with the remarks quoted 
by Sir Joshua Fitch, from the report of Mr. Baker, 
that it was the teaching of commercial geography 
that had “opened the eyes of Germans to the 
value of direct communication with those parts 
of the world where German goods were in de- 
mand, and German emigrants congregated.” He 
thought it was their general business capacity which 
had led them to see the importance of opening direct 
communication with those parts of the world. The 
education recommended by Sir Joshua Fitch would 
be useful to a man, whatever his intended occupa- 
tion might be, and, if a youth received such an 
education it was certain he was more likely to succeed 
in a business house than if he had had a 
more specialised training. At the same time it 
was possible to distinguish between the elementary 
training to be given to youths who had a taste for 
technical or trade pursuits from the education given 
to those who had a taste for commercial pursuits. 
For the one a bifurcation was demanded on the side 
of mathematics and science, and, for the other, more 
attention should be given to geography, English, and 
modem languages. When the full importance of a 
sound elementary and sound secondary education was 
recognised as the basis of commercial training, those 
who were to be engaged in commercial houses would 
be better prepared than they now are for business 
pursuits. 


Dr. WM. GARNETT said that while entirely agree- 
ing with the principles enunciated by Sir Joshua 
Fitch, he differed from him in connection with 
the units afforded by Nature. Did not Nature give 
one unit of length, say in the length of the wave of 
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sodium light, and a unit of time in the period 
of vibration which corresponded to the waves of 
sodium light or some other kind of light, and 
might it not be possible at some time to get 
an invariable standard of mass directly from 
Nature from the mass ot a single molecule of 
hydrogen? He entirely agreed with the principles 
enunciated by Sir Joshua Fitch in regard to the 
teaching of arithmetic from the point of view of 
commonsense. But occasionally his confidence 
in the schools was shaken when a youth informed 
him in an examination paper that the pull of a loco- 
motive upon the draw bar amounted to 2,000,000 or 
3,000,000 tons, without ever applying his common- 
sense to the mistaken results of his arithmetic. He 
further called attention to the influence of the study 
of history and the cultivation of the imagination, 
the former as affording the best indication of how 
men would act under given circumstances, and the 
latter because no great scientific theory could be in- 
vented, or important enterprise undertaken, without 
the free use of the trained imagination. 


Mr, A. KAHN said there was a complete misconcep- 
tion in England with regard to German commercial 
schools. In Prussia three commercial schools existed, 
in Cologne, Frankfurt, and Aix la Chapelle. The 
bulk of secondary education was conducted in clas- 
sical schools, and a smaller part in modern 
schools. Bnt the German classical school differed 
from the English in that the curriculum was a 
wide one. It did not merely exist for the pre- 
paration of students for Oxford and Cambridge 
scholarships. So that a student who had gone through 
the German classical school, had a knowledge, not 
only of Latin and Greek, but also of history, geo- 
grapby, mathematics, science, and most particularly of 
his own language. In a large number of German 
commercial houses the higher places were filled by men 
who had gone through a complete course in the 
gymnasium. However, during the last 20 years the 
Realschule had come more into prominence, and it 
was generally recognised that the modern education 
which it provides is a good preparation for commercial 
life. Recently, the King of Prussia had issued an 
edict which seeks to give modern schools of the first 
grade (Oberrealschulen) the same status as the clas- 
sical school. In Saxony the commercial school proper 
was much more in evidence, there being such institu- 
tions at Leipsic and a number of other industrial 
towns. These schools did not differ very materially 
from the modem schools, teaching, in addition to the 
ordinary course, commercial science, and book- 
keeping, and in some cases economics. But 
while modern schools were of great importance 
to Germany, the German did pay very much 
attention to special education. In advertisements 
for clerks it would be found that the qualifica- 
tions were not simply good handwriting, quick- 
ness at figures and accuracy, but stress was always 
laid on a good general education. Very few English 


economics, 


merchants required general] education for their com- 
mencing clerks. Most advertisements and applica- 
tions to schoolmasters indicated that a sharp youth, 
who was merely quick at figures and a good 
writer was required. If the English merchant 
could be educated into requiring something above 
that kind of thing, schoolmasters would have 
a higher and more congenial task before them. A 
large number of boys were lost at an early age simply 
because parents believed that the best training for 2 
boy was to spend his first two years in gumming 
stamps on letters and copying letters in a copy press. 
He disagreed with the reader of the paper’s remarks 
on book-keeping. Surely if arithmetic was a mental 
exercise, book-keeping also could be made a mental 
exercise. Such questions as capital, interest, dis- 
count, what were assets and liabilities, and the 
meaning of a balance-sheet required thought and 
intelligence. He suggested that book-keeping should 
be taught very closely in co-ordination with 
and that arithmetic should also be 
taught in co-ordination with those two subjects. The 
theory of numbers was, it was true, taught very badly 
in English schools. The same remark applied quite 
as strongly to other subjects. It was generally 
assumed that algebra was a valuable mental exercise, 
but it was nothing of the sort in the schools; it 
was merely a question of literal manipulation; the 
rule was given minus times minus make plus, and so 
on, and examples were worked. The text-books were 
answerable for a great deal of the mischief. He 
thought the arithmetic in the higher schools 
should go a little further than suggested by 
Sir Joshua Fitch and treat quantitatively such 
parts of economics as wages, capital, money 
exchange. In Germany very great attention was 
paid to oral composition. As a rule, in developing a 
theme of composition the teacher went through the 
whole theme orally with the pupils. With regard to 
modern languages, care should be taken in commer- 
cial teaching not to look upon them as merely a 
vehicle for foreign correspondence. There was 
nothing more barren than to teach boys the mere 
translating of an English commercial term into a 
French or German commercial term. If French 
and German formed part of the curriculum the boys 
should be taught to appreciate the best German and 
French authors, and at the same time presented with 
a systematic account of commercial usages, policy 
and laws of the countries of which the languages 
were studied. The whole question of commercial 
education turned upon the proper ratio of the actual 
work for a living to the whole of life also, whilst the 
boy should be prepared not cnly for week-days bnt 
Sundays, not only for the working hcurs but for 
leisure, labour itself should receive dignity by adequate 
preparation for it. 


Sir HENRY TRUEMAN Woop thought he could 
illustrate Sir Joshua Fitch’s remarks on the teaching 
of arithmetic and the necessity for the use of 
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commonsense and imagination by reference to the 
Society of Arts examinations. After about 25 
years experience of these examinations he had 
been struck with the protests not only of the 
candidates but the teachers against the expecta- 
tion that students should use ordinary common- 
sense in answering an arithmetic paper. The arithmetic 
papers set by the late examiner of the Society, Prof. 
Hudson, had always seemed to him to be models of 
papers intended to draw out the intelligence of the 
candidate, and yet over and over again he had 
received protests from teachers who complained that 
the examiner expected intelligence from the candidate, 
which seemed to be the last thing they anticipated 
should be exercised. As an illustration of the intelli- 
gence applied to the answering of questions, he might 
say that the length of the metre was variously given 
as from :02 inch to the distance from pole to equator, 
the weight of the kilogram as from ‘oo! grain to 2} 
tons. Faults had been found with the current year’s 
paper. It had been said that some of the questions 
were indeterminate, the fact being that they were 
capable of two answers, one of which was absurd. 
He cordially endorsed Sir Joshua Fitch’s con- 
clusions with regard to the metric system although 
he differed from the way in which he had arrived at 
them. Surely it did not matter in the least what the 
standard was. It was not the ten-millionth part of 
the distance from the Equator to the Pole. No 
human being knew precisely what that distance was, 
and whether it was variable or invariable. It was 
certain that the arc of the Meridian, which was 
measured in order to ascertain the length of the 
metre, was incorrectly measured, and that it was not 
the length which it purported to be. Asa matter of 
fact the metre was the length of a certain metallic 
bar preserved in Paris, just as the length of the yard 
was the length of a certain metallic bar preserved 
in London. If those bars and all their numerous 
imitations were destroyed, means were provided 
for recovering the length by the measurement 
of a pendulum beating a certain unit of time 
under certain definite conditions, but he did not 
believe that the length of the bar could be abso- 
lutely and accurately ascertained by such means. 
There would be an infinitesimal difference, although 
that mattered very little. He thanked Sir Joshua 
Fitch for having said a word in favour of the utility 
of the metric system. Whenever he had made a 
chemical calculation which was stated in English units 
he transformed the figures into grammes, and the cal- 
culation was then easily made. With regard to Dr. 
Garnett’s suggestion as to natural units, it must be 
remembered that the proposed standards were some- 
what minute, and if they were not calculated with very 
great accuracy the errors would be multiplied to such 
an extent that they would form a very appreciable 
quantity in the total result. As to the oral teaching 
in American schools making Americans much more 
fluent and better speakers, he had had experience of 
oratory on both sides of the Atlantic, and doubted 


whether Americans were more fluent than the English 
as speakers. He was quite certain the ordinary 
educated American had a much clearer and more 
definite way of expressing himself in ordinary conver- 
sation than the average educated Englishman. That 
was, no donbt, due to the cause mentioned by Sir 
Joshua Fitch. He also wished to thank him (Sir 
Joshua) for his earnest protest against the purely 
utilitarian theory of education, which he believed had 
done more mischief to the progress of true education 
than any other. The idea that people should be 
induced to learn merely because they would be able 
to earn a few shillings a week more was most mis- 
chievous, but he was happy to think it was bringing 
about its own refutation by the higher level of know- 
ledge at present existing. He hoped that Sir Joshua 
Fitch’s idea would be realised hereafter, and that 
education would be regarded as a method of im- 
proving the individual, and making him a better 
citizen, not only a better wage earner. 


Mr. JAMES MUMFORD deprecated the remarks 
which had been made with regard to utilitarian 
education. It was surely no reproach to a doctor or 
a military man that they had qualified themselves by 
their skill to earn money. It was not just that a sneer 
should be cast upon professional men as being mere 
utilitarians without imagination or anything but the 
idea of earning bread and butter. The earning of bread 
and butter played an important part in everybody’s 
lives, and was the first essential. Commercial schools 
had great difficulties to encounter. A boy going 
from a public school or university, and making 
application for an appointment in the City, was asked : 
‘Can you write shorthand; can you typewrite; do 
you know anything about book-keeping ?” and if he 
did not the position was given to somebody who did. 
Under those circumstances the youth naturally looked 
round to see where he could learn those things in the 
least possible space of time, not that he had any love 
for them, but in order to earn his living. 


Mr. T. R. ABLETT, in dealing with the teaching of 
modern languages, said that he lived 20 years ago in 
Bradford, and some of the most successful mer- 
chants there were Germans, who came to the 
town as correspondents, knowing at least two 
or three foreign languages and the commercial 
laws of the country. Their knowledge gave them a 
hold on the trade of Bradford, and ultimately led to 
their developing from the position of correspondents 
to be merchants on their own account. At the 
Bradford Grammar School, thirty years ago, a purely 
classical education was given which had not been 
successful, but since a modern department had been 
instituted side by side with the classical and scien- 
tific department the school had been a great success. 
The success of trade in Germany was due to the 
knowledge of various languages acquired by the boys 
and also to the great care and trouble taken by the 
German compared with the Englishman. Imagina- 
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tion was not only valuable in scientific work but 
in a great many professions, the study of draw- 
ing being especially calculated to cultivate the 
imagination. On the continent drawing was 
taught in a way to cultivate the imagination 
and not purely as in England from the mechanical 
point of view. It cultivated a power of original 
research and observation of the objects around about, 
and it had been attended with most beneficial results 
to students. 


. The CHAIRMAN, in proposing a vote of thanks to 
Sir Joshua Fitch, said he did not quite agree with 
him with regard to the altruistic character of the 
teaching in English universities. If there was one 
place more than another where a mere huxtering view 
of education was taken, it was in the old English 
universities. The whole system of education which 
led up to the university was bent on the pursuit 
of gain and scholarships. In his opinion the state 
of affairs existing half a century ago, when Lord 
Westbury took his scholarship at Wadham at the age 
of sixteen, began the study of law soon afterwards, 
and was in practice as a barrister at twenty-one or 
twenty-two, was much preferable to that existing at the 
present time. The system of the education was more 
in fault than the actual programme. Text-bouks 
should be abolished as much as possible, the teach- 
ing in one text-book being exploded in the next. He 
would much rather if he were an examiner see a 
wrong answer well argued than a right answer badly 
argued, and under those circumstances would give 
more marks to the wrong answer than to the right one. 
Logic should be introduced into education. He quite 
agreed with what Sir Joshua Fitch and Sir Henry True- 
man Wood had said with regard to the metrical system. 
It was an admirable thing to teach young boys the 
decimal system of units, but it would take a long 
while to convert the English people to adopt such a 
practice, because the ordinary voter had not a vestige 
of an idea what the metrical system was. An experi- 
ment was to be made in the City of London School 
of having a large commercial evening college with day 
classes, and he hoped that college would teach English- 
men to use more sensible methods in their education. 
Sir Joshua Fitch was to be congratulated in having 
induced the country to adopt more sensible modes of 
education than it had in the past. 


The resolution was put, and carried unanimously. 


Sir JOSHUA FITCH, in reply, said it was not from 
any want of appreciation of the great importance of 
either modern languages or history that he had 
omitted to mentidn them in the paper, but because it 
would have made it too long. Mr. Mumford had 
spoken of the great importance of the knowledge of 
shorthand, book-keeping, and subjects of that kind. 
He was very sensible of the value of such studies if 
they came in their proper place, but they should come 
after a good sound basis of general and non-profes- 
sional education had been given. The fault of so many 


so-called commercial schools was that they began to 
specialise before the student was far enough advanced 
in general knowledge and power of thinking. 


Miscellaneous. 
——— 


GERMAN INDUSTRIAL SCHOOLS. 


A new industrial school has been opened at 
Sonneberg, the home of the Thuringian doll and toy 
trade. Private donations and Government aid on the 
part of the dukedom of Saxe Meiningen have pro- 
vided the means necessary for the establishment of 
this institution. The massive stone building in which 
the school is housed is about 147 feet long and 49 feet 
deep, and stands quite isolated, so that light and 
fresh air are freely admitted to the large rooms, in 


which drawing and moulding lessons are given; 


turning, wood carving, modelling of gypsum figures, 
and the preparation of the various kinds of clay for 
moulding purposes are also taught. Space is provided 
for the exhibition of gypsum models, drawing patterns, 
One room is principally used for modelling animals 
in life size, this being a specialty of the town of 
Sonneberg. Deserving of particular mention is the 
practical arrangement of the rooms in which the 
models and patterns are exhibited. They are 
separated from the large corridors only by glass and 
wood partitions instead of by heavy walls, so that not 
only plenty of light is admitted into the passages but 
the visitor is shown at a glance the extent of the work 
on which the pupils are engaged. The building 
contains two rooms for the ‘ Handelsfachschule ” (a . 
school in which commercial apprentices, in addition to 
the work they learn in the respective offices, are 
taught foreign languages, the theory of bookkeeping, 
commercial geography, &c. The offices of the 
Sonneberg Chamber of Commerce are also located 
here. The exhibition of Sonneberg toys at the 
World’s Fair at Chicago was, says Consul Hughes of 
Coburg, the subject of general admiration, and at the 
Paris Exhibition it was awarded the grand prize. 
This remarkable success, it is generally admitted, is 
to a great extent due to the work of the industrial 
school, although this has previously had accommoda- 
tion entirely inadequate for the purpose. The number 
of pupils attending the school in 1889-90 was 39, and 
in 1899-1900 54, of whom 46 came from Sonneberg 
and its neighbourhood, and eight from other parts of 
the German Empire. Better accommodation being 
now offered in the new home, the number of pupils is 
expected to increase very considerably. The German 
export of toys in 1900 amounted in value to 
50,000,000 marks (42,500,000), and more than half 
of the total export was the production of the Coburg- 
Sonneberg district. The Consul adds in conclusion : 
“ The figures speak in eloquent language of the 
importance of the toy trade’in this district. In the 
training of juvenile workers, the bringing up of capable 
manufacturers, and the creation of new models the 
school will be of great value.” 
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PROFESSOR HANS WAGNER’S NEW 
SYSTEM OF NOTATION. 


By W. ERHARDT. 


This new system of Professor Hans Wagner 
facilitates the reading of music in a most remarkable 
manner, and, therefore, should be a great boon to 
numberless people. It is most rationally thought out. 


It does away with the prefixes for sharps and flats, 
also with the many lines denoting crotchets, quavers, 
semiquavers, &c., and the corresponding rests. In 
this system there are only two kinds of notes: white 


notes and black notes, the former correspond with 
the white keys on the piano, the latter with the black 
keys ; if such a black note points upwards it is sharp, 
if it points downwards it is flat, thus: 


To designate the time values of notes, Professor Hans Wagner divides each bar into its parts by faint lines: 


7 l1 r4 MT 


| 


-mm 


I 


I IT II IV V VI 


Each such part is meant for four notes or their equivalents, so that every note appears on the paper 
just where it is played, the rule being to sustain the note up to the next note or rest : 


234123448234 


For very short notes, and where a great number of them occur, each part is subdivided again by short 


faint lines :— 
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It will be observed that with this new notation you 
have to learn no new notes, for they are the same, 
d.e., on the same lines and in the same spaces, hut- 
you can read off with ease now what is often most 
difficult and troublesome to read in the old style. 
-Beginners will progress more rapidly as their 
attention is required in a much less degree for read- 


r 
mi - Oe ee | 


pp 
Old aw An 


New 


a g T LLI E LX 

-dht > i Tt If 
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a 


Old 


“The | 
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ing, and can be devoted more to practice and 
execution; moderately advanced players will be 
able to play many pieces now which they were 
prevented from playing because too difficult for them 
to read. I shall now show a few examples to 


illustrate the advantages of Professor Hans Wagner’s 
system : 
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Only notes that are played appear on the paper, 
and each note just where it is played. 

Upper, middle, and lower voices are marked by a 
short upward line attached to the note for the 


Chopin. 
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former, by a short downward line for the latter, 
and no distinction for the middle voice; where 


"a voice is to be sustained this is denoted by a dotted 


line : 
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sa Dar 


New 


Changes of rhythm, such as triplets, &c., are | in the old style for embellishments, but only so as to 
_ denoted by Roman figures. Small notes are used as | make the passage graphically more distinct : 


New 


And it will be seen that there are 165 signs less in the I consider that Professor Hans Wagner has done 
new than in the old style, viz.: the cross lines of 23 | the musical world a great service, and hope that this 
demisemiquavers X 3 =— 69 and of 16 demisemi- | will be appreciated by-and-by as his system gets better 
quavers X 4 = 64, 8 accidentals and 2 naturals, 1 | known. 

slur, 2 dotted notes = 165 in all, not counting the 

stems of the notes (39) and the 21 accidentals to Music on this system is published by the Inter 
be borne in mind. national Music Company, Vienna. 
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MEETINGS OF THE SOCIETY, 


ORDINARY MEETINGS. 
Wednesday evening, at Eight o’clock :— 
MAY 15.—“' Syntonic Wireless Telegraphy.”” By 
GUGLIELMO MARCONI. 

May 22.— Testing and Training Distant Vision, 
with special reference to Military Requirements.” 
By R. BRUDENELL CARTER, F.R.C.S. 


INDIAN SECTION. 

Thursday afternoon, at 5 o’clock :-— 

MAY 16.—“ The Town and Island of Bombay— 
Past and Present.’? By L. R. WINDHAM FORREST, 
formerly Chairman of the Bombay Chamber of 
Commerce. SIR GEORGE BIRDWOOD, M.D., 
K.C.I.E., C.S.1., will preside. 


The meeting will be held at the Imperial Institute. 


APPLIED ART SECTION. 

Tuesdays, at 8 o’clock :— 

May 21.—“ The Rise and Development of 
Egyptian Art.” By Proressor W. M. FLINDERS 
PETRIE, D.C.L. Sir Joun EVANS, K.C.B., 
F.R.S., Chairman of Council, will preside. 


CANTOR LECTURES. 
Monday evening, at 8 o’clock :— 
SIR WILLIAM CHANDLER ROBERTS-AUSTEN, 
K.C.B., F.R.S., and T. KIRKE ROSE, D.Sc., 
‘ Alloys.” 


LECTURE IV., BY Dr. RosE.—May | 3. 

Advances in our knowledge of alloys since the last 
course of Cantor Lectures on Alloys was delivered 
in 1898. 

HOWARD LECTURES. 

Friday evening, at 8 o’clock:— 

ALFRED C. EBORALL, M.I.E.E., “ Polyphase 

Electric Working.” 

LECTURE IV.—May 17. 

The polyphase transmission line: overhead and 
underground work—The effects of capacity and in- 
ductance on the working of the system—The funda- 
mental calculations of polyphase transmission systems 
and installations — The regulation of polyphase 
systems. 

*,*° A theoretical knowledge of the subject on the 
part of those attending the above lectures is assumed. 

ee ee 


MEETINGS FOR THE ENSUING WEEK. 


Monpay, May 13...SOCIETY OF ARTS, John-street, 
Adelphi, W.C., 8 p.m. (Cantor Lectures.) Dr. 
T. Kirke Rose, “ Alloys.” (Lecture IV.) 

Geographical, University of London, Burlington- 
gardens, W., 8} p.m. 

Medical, 11, Chandos-street, W., 8 p.m. Annual 
Meeting. 

Tugspay, May 14....Royal Institution, Albemarle-street, 
W.,3p.m. Dr. A. Macfadyen, “ Cellular Physio- 
logy, with Special Reference to the Enzymes and 
Ferments.’’ (Lecture V.) 

Medical and Chirurgical, 20, Hanover-square, W., 


8} p.m. 


Photographic, 66, Russell-square, W.C., 8 p.m. 

Anthropological, 3, Hanover-square, W., 8& p.m. 1. 
Mr. R. Shelford, “ Exhibit of a Collection of 
Parangs from Borneo.” 2. Mr. W. MacDougall. 
“The Animal Cults of Sarawak.” 

Colonial, Whitchall-rooms, Whitehall-place, S.W., 
8 p.m. 

Asiatic, 22, Albemarle-street, W. 3 p.m. Annual 
Meeting. 


WEDNESDAY, May 15... SOCIETY OF ARTS, John-street. 
Adelphi, W.C., 8 p.m. Mr. Guglielmo Marconi, 
“ Syntonic Wireless Telegraphy.” 

Meteorological, 70, Victoria-street, S.W., 4 pm. 
1. Mr. Rupert T. Smith, “The Periodicity of 
Cyclonic Winds.” 2. Mr. William Marriott» 
“Account of the Bequest by the late G. J. 
Symons, F.R.S, to the Royal Meteorological 
Society.” 

Microscopical, 20, Hanover-square, W., 7} p.m. 
Exhibition of Aquatic Life. 

Pharmaceutical, 20, Bloomsbury - square, W.C., 
8 p.m. Annual Meeting. 

Archæological Assoc., 32, Sackville-street, W, 8 p.m. 

Mining and Metallurgy, Geological Museum, 
Jermyn - street, S.W., 8 p.m. 1. Mr. Ernest A. 
Smith, “The Assaying of Complex Gold Ores.” - 
2. Mr. J. V. Burn Murdoch, “Notes on Brine and 
Oil Wells in Western China.” 3. Mr. G. E. 
Collins, “ Vein-structure at the Reynolds Mine, 
Georgia.” 4. Mr. Malcolm Roberts, “ Chorolque 
Tin Mines and Alluvial Deposits, Bolivia.” 


TuHuRspDAy, May 16...SOCIETY OF ARTS, John-street, 
Adelphi, W.C., 5 p.m. (Indian Section.) Mr. 
L. R. Windham Forrest, “ The Town and Island 
of Bombay— Past and Present.” 

Chemical, Burlington-house, W., 8 p.m. 1. Dr. 
A. L. Stern, “The Nutrition of Yeast.” (Part III.) 
2. Mr. H. J. H. Fenton and Miss Mildred Gost- 
ling, “ Derivatives of Mcthylfurfural.”’ 3. Messrs. 
W. J. Pope and A. W. Harvey, “ The Preparation 
und Optical Inversion of Optically Active N itrogen 
Compounds, Dextro- and Laevo-@-benzylpheny!- 
allylmethylammonium Salts.” 

Society for the Encouragement of Fine Arts, 9, 
Conduit-street,8 p.m. Miss Ethel Halsey, ‘‘ Some 
Unfamiliar Masterpieces of the Italian School.” 

Royal Institution, Albemarle-street, W., 8 p.m. 
Sir Alexander C. Mackenzie, “ Arthur Sullivan.” 
(Lecture III.) 

Historical, St. Martin's Town Hall, Charing Cross- 
road, W.C., 8} p.m. 

Numismatic, 22, Albemarle-street, W., 7 p.m. 

Camera Club, Charing-cross-road, W.C., 8} p.m. 
Mr. T. C. Hepworth, ‘‘ Some Yorkshire Caves and 
Waterfalls.” 

Botanic, Inner Circle, Regent’s-park, N.W., 4 p-m. 


Fripay, May 17...SOCIETY OF ARTS, John-street, 
Adelphi, W.C., 8 p.m. (Howard Lectures.) Mr. 
Alfred C. Eborall, ‘‘ Polyphase Electric Work- 
ing.” (Lecture IV.) 

Royal Institution, Albemarle-street, W., 8 p.m. 
Weekly Meeting. 9 p.m. Earl Percy, “Turkish 
Kurdistan.” 

United Service Institution, Whitehall-yard, 3 p.m. 
Colonel J. D. Legard, ‘‘ National Defence—Duties 
of Volunteer Infantry Brigades in connection 
therewith. Some suggestions as to how we can 
best fit ourselves for the task.” 

Quekett Microscopical Club, 20, Hanover-square, 
W.C., 8 p.m. 

SATURDAY, May 18...Royal Institution, Albemarle-street. 
3 p.m. Prof. W. M. Flinders Petrie, ‘‘ The Rise of 
Civilisation in Egypt.” (Lecture II.) 
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x CANTOR LECTURES. 
On Monday evening, 13th inst., Dr. T. 
3 ournal of the society of Arts, KIRKE ROSE delivered the fourth and con- 
cluding lecture of the course on “Alloys,” 
noise SOE by SIR WILLIAM CHANDLER ROBERTS- 
AUSTEN, K.C.B., F.R.S., and DR. ROSE. 
———— eMM 


FRIDAY, MAY 17, 1901. 


All communications for the Society skould be addressed to 
the Secretary, Jokn-street, Adelphi, London, W.C. 


Notices. 
a 
CONVERSAZIONE. 


The Society’s Conversazione will take place 
at the Royal Botanic Gardens, Regent’ s-park, 
on Friday evening, June 28th, from g to 12 p.m. 

Each member is entitled to a card for him- 
self (which will not be transferable), and a 
card for a lady. These cards will be forwarded 
in due course. In addition to this, a limited 
number of tickets will be sold to members of 
the Society, or to persons introduced by a 
member, at the price of 5s. each, if purchased 
before the date of the Conversazione. On that 
day the price will be raised to 7s. 6d. 

These tickets will only be supplied to per- 
sons presenting members’ vouchers (which 
can be obtained from the Secretary) or a letter 
of introduction from a member. 

Members can purchase these additional 
tickets by personal application, or by letter 
addressed to the Secretary. In all cases of 
application by letter a remittance must be 
enclosed. Each ticket will admit one person, 
either lady or gentleman. 

Light refreshments (tea, coffee, ices, claret 
cup, &c.) will be supplied. 


HOWARD LECTURES. 


Mk. ALFRED C. EBORALL, M.I.E.E., de- 
livered the third lecture of his course on 
‘“ Polyphase Electric Working,’’ on Friday 
evening, 1oth inst. 

The lectures will be published in the Journal 
during the summer recess, 


SIR HENRY TRUEMAN Woop proposed a 
vote of thanks to the lecturers, which was 
carried unanimously. 

The lectures will be published in the Journal 
during the summer recess. 


Proceedings of the Society. 
— 


NINETEENTH ORDINARY 
MEETING. 


Wednesday, May 15, 1901; PROFESSOR 
W. E. AYRTON, F.R.S., in the chair. 


The following candidates were proposed for 
eléction as members of the Society :— 


Beale, Louis S., Madeira-park, Tunbridge Wells. 

Browne, Walter Thurlow, Chetbam’s Hospital, 
Hunt’s Bank, Manchester. 

Couldrey, Paul S., Cerro Muriano Mine, Obejo, 
Province of Cordoba, Spain. 

Cumming, John Ghest, M.A., United Service Club, 
Calcutta, India. 

Graham, Hubert Berger, Linden-house, Gough-road, 
Edgbaston, Birmingham. 

Ludlow, J. L., 434, Summit-street, Winston, North 
Carolina, U.S.A. 

Munyard, Alfred, 
N.B. 

Panikkar, T. K. Gopal, Chowghaut, South Malabar, 
India. 

Powrie, William Lyall, 52, Gauden-road, Clapham, 
S.W. 

Pugh, John V., Primrose-hill-house, Coventry. 


The following candidates were balloted for 
and duly elected members of the Society :— 


Andrew, James, Plantation Leonora, West Coast, 
Demerara, British Guiana. 

Bose, Rai Bahadur Chuni Lal, M.B., The Chemical 
Laboratory, Medical College, Calcutta, India. 

James, Joseph, D.Sc., Ph.D., 25, Milner-square, N, 

Khan, Haji Mozammil Ulla, Bhikampoor, District 
Aligarh, N.W.P., India. 

Khan, Raja Saiyid Muhammed Bagar Ali, C.LE., 
Pindrawal, District Bulandshahr, N.W.P., India. 

Korsman, K. W., Hangö, Finland. 

Lim, Hua Chiam, 230 Beach-street, Penang, Straits 
Settlements. 

Pearce, Richard, H.B.M. Vice-Consul, 
Colorado, U.S.A, 


15, Princes-street, Pollokshields, 


Denver, 


506 


JOURNAL OF THE SOCIETY OF ARTS. 


May 17, 1901. 


ee 


Taylor, W., Parlakimedi, India. 
Wadia, Nusserwanjee Nourosjee, 
Cumballa-hill, Bombay, India. 
Warden, Dinshaw Sorabjee Eduljee, Hornby-road, 
Fort, Bombay, India. 

Warden, Sorabjee Eduljee, J.P., Hornby-road, Fort, 
Bombay, India. 

Westropp, Henrietta Jane, Spring Fort, Patrick's 
Well, Limerick, Ireland. 


Bella Vista, 


The paper read was— 


SYNTONIC WIRELESS TELEGRAPHY. 
By GUGLIELMO MARCONI. 


The very rapid advances which have been 
made in the art of telegraphy through space, 
continue to attract much attention to this 
fascinating subject. What was stated yester- 
day to be impossible has now become possible, 
and what we regard as almost insurmount- 
able difficulties may be removed in the immed- 
iate future. 

The number of experimenters working in this 
field has increased, as, many workers, who, 
some time ago, had little or no faith in the 
practical utility of wireless telegraphy have now 
changed their minds and are taking up the 
subject. 

I believe it to be necessary before I proceed to 
deal with the subject to state that in my opinion 
a large amount of inaccurate and misleading 
information is being from time to time published 
upon it in the daily and even in the scientific 
press. I shall endeavour to correct some of the 
mis-statements which have been made. 

As the title of my paper implies, it is my in- 
tention first to describe fully the efforts I have 
made in order to tune or syntonise the wireless 
system, efforts which I am glad to say have 
been crowned with complete success. 

I also wish to mention something of the 
difficulties encountered in promptly publishing 
the results (whether successful or otherwise) 
obtained in the course of my experiments. A 
comm:ercial concern, such as the one with 
which I am working, does not exist solely for 
the advancement of science, but especially for 
the purpose of securing a pecuniary return to 
those who have braved risks and undertaken 
sacrifices in assisting and forwarding the 
necessary experimental work. 

-It is often considered possible that certain 
new methods and results may, if prematurely 
published before being fully patented, be 
utilised by persons whom I might call-business 


rivals, thus preventing those who have borne 
the initial cost of the first tests from benefiting 
in a fair measure. I am, therefore, frequently 
prevented from promptly publishing the 
methods by which I have obtained interesting 
results. By quoting the dates of the British 
patent specifications and other publications I 
hope to be able to establish, to a certain 
extent, the dates at which the various systems 
or methods were worked out. It may pro- 
bably surprise some of you when I mention how 
comparatively long ago some of the patents 
which I shall discuss to-night were applied for - 
and perfected. 

Last winter I had the honour of describing 
before the Royal Institution of Great Britain 
most of the success obtained up to that date in 
communicating by means'of my system from 
one place to another. It is my desire in this 
paper to give a description of the further pro- 
gress made, with special reference to the 
results obtained by tuning or syntonising the 
installations. So long as it was possible to 
work only two installations within what I may 
call their sphere of influence, a very important 
limit to the practical utilisation of the system, 
was imposed. With simple vertical wires, as 
shown in Fig. 1A and Fig. 2, connected directly 
to the coherer and spark gap at the receiver 
and transmitter, as used by myself before 1898, 
no really satisfactory tuning was possible. It 
was, however, possible to obtain a certain 
selection of signals if various stations in the 
vicinity used vertical wires differing very con- 
siderably in length. Thus two stations com- 
municating over a distance of say five miles 
and using wires 100 feet long, would not inter- 
fere with the signals transmitted by the other 
two stations, say two miles from the first, 
which were using aerials only 20 feet long, 
and communicating over a distance of about 
one mile. 

The new methods of connection which I 
adopted in 1898, z.e. (see Fig. 8), connecting 
the receiving aerial directly to earth instead of 
to the coherer, and by the introduction of a 
proper form of oscillation transformer in con- 
junction with a condenser so as to form a 
resonator tuned to respond best to waves given 
out bya given length of aerial wire, were im- 
portant steps in the right direction. 

I referred extensively to this improvement 
in the discourse delivered before the Royal 
Institution on February 2nd, 1900, and my 
first British patent specification referring 
thereto was applied for on the 1st June, 1898, 
No. 12,326, and published’in due course. This’ 
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mode of connection was also discussed by the 
technical press.* 

It is remarkable that eminent scientists and 
engineers, such as Prof. Slaby and G. Kapp, 
who have been good enough to discuss my 
work on ‘‘ Wireless Telegraphy,’’ should be so 
badly informed on the subject in general as 
not to know that this method, and many other 
improvements on my original system, have 
been in use by myself and my assistants for 
several years. 

I wish to give you an illustration of what I 
mean. In a paper on ‘‘ Tuned or Multiple 
Wireless Telegraphy’’ by Professor Slaby of 
Charlottenburg, read on the 22nd Dec., 19co, 
and published in a special number of the 
Elektrotechnischen Zeitschrift, he stated :— 
‘‘Up to the present the following method has 
been followed without exception. The re- 
ceiving wire was suspended insulated and 
attached at the lower end vo the coherer, the 
other pole of which was connected to earth.” 

Again, G. Kapp, in an editorial review in 
the same publication, states:— ‘‘ According to 
the Slaby d’Arco system and 7x opposition to 
the Marconi system the receiving wire ts 
earthed.” 

The inaccuracy of these statements is very 
apparent if we compare them with the des- 
cription given by myself nearly three years 
previously in the British patent applied for, 
as I have remarked, on the ist June, 1898, 
published in July, 1899, and openly discussed 
by the scientific press of this and other 
countries a long time previous to the date of 
Slaby’s paper. At line 7, page 1, of my 
description, will be found the following 
passage: ‘‘ According to this invention 
the conductor (aerial) zs no longer insu- 
lated, but ts connected to earth through the 
primary of an induction coil, whilst the ends of 
the imperfect contact (or coherer) are con- 
nected to the ends of the secondary one of the 
connections passing through a condenser.”’ 

As you will notice, nothing is said in this 
patent of the necessity of insulating the vertical 
wire of the receiver. If the system described 
here had not been used by me I very much 
doubt whether we should have succeeded in 
maintaining communication with the East 
Goodwir lightship during 1899, in maintaining 
communication across the English Channel 
that same year during the meeting of the 
British Association at Dover, and in supplying 
the Admiralty in the course of the year 1900 


* See the Electrician, Vol.. xliii., p. 485 also, vol. xliv., 
P. 555-556. 
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with 32 installations, all of which passed an 
official 100 kilometre test (most of the distance 
being over land) at the rate of about three 
installations per week. 

Leaving this subject for the present, I shall 
endeavour to describe the various steps made 
in the development of my syntonic system. I 
realised a long time ago that one great diffi- 
culty in achieving the desired effect was 
caused by the action of the transmitting wire. 
A simple straight rod in which electrical 
oscillations are set up forms, as is well known, 
a very good radiator of electrical waves. If 
this was in the beginning an advantage, by 
allowing signals to be received with a small 
amount of energy over considerable distances, 
it proved later to be one of the chief obstacles 
in the way of obtaining good resonance in the 
receiver. Now, as Dr. Fleming points out so 
clearly in his Cantor lectures on “‘ Electrical 
Oscillations and Electric Waves,’’ delivered 
before this Society in November and December 
of last year, there is in connection with this part 
of the subject one point of great interest. 
“ Both theoretical and experimental research 
show that in the case of conductors of a 
certain form the electric oscillations die away 
with great rapidity.” In all what we call good 
radiators, electrical oscillations set up by the 
ordinary spark discharge method cease, or arc 
damped out very rapidly, not necessarily by 
resistance, but by electrical radiation removing 
the energy in the form of electric waves. 

Many mechanical analogies can be quoted 
which will point out the necessity of designing 
a persistent oscillator, in order that syntony 
may become apparent in properly tuned re- 
sonators. Acoustics furnish us with numerous 
examples of this fact, such as the resonance 
effects produced by the well-known tuning- 
fork experiment. Other illustrations of this 
principle may be given, e.g., if we have to set 
in motion a heavy pendulum by means of small 
thrusts or impulses, these must be timed to the 
period of oscillation of the pendulum, since 
otherwise its oscillations will not acquire 
any perceptible amplitude. An illustra- 
tion of this fact occurred to me some 
time ago while I was watching the ringing 
of great bells in an Italian cathedral. As 
most of you probably know, the bells in many 


churches in Italy as elsewhere are rung from 


the bottom of the tower by means of ropes 
attached to the bells. The largest bells weigh 
several tons, and it usually requires two men 
to work for perhaps two minutes on the ropes’ 


‘before the combined effect øf their pulls is 
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sufficient to get the bell to attain an amplitude 
large enough to cause the hammers to strike. 
I observed on the occasion to which I allude 
that it required for each bell a number of well- 
timed pulls on the bells in order to get them to 
swing, the larger bells requiring impulses 
further apart, z.e., of a lower frequency, than 
the smaller ones. Itis perfectly obvious that 
if the pulls on the ropes had been wrongly 
timed it would have been impossible with 
the same amount of power to ring the bells. 
The same kind of effect happens in a very 
small fraction of a second (instead of several 
minutes) when we try to induce electrical 
oscillations in a good resonator. If the form of 
this resonator be such as to cause itto be a 
persistent vibrator, z.e., one in which the elec- 
trical oscillations are not rapidly damped by 
resistance or radiation of waves, then it is 
necessary for us to employ a number of pro- 
perly timed electrical oscillations radiated from 
a persistent oscillator tuned to the period of 
the resonator we desire to affect. 

As I pointed out before, a transmitter con- 
sisting of a vertical conductor as shown in 
Fig. 1 is not a very persistent oscillator. Its 
electrical capacity is comparatively so small 
and its capability of radiating waves so great, 
that the oscillations which take place in it 
must be considerably damped. In this case 
receivers or resonators of a considerably 
different period or pitch will respond and be 
affected by it. From the results obtained it 
would seem as if the transmitter were sending 
out a great variety of electric waves, resembling 
therefore a source of white light, and that each 
resonator picks out and responds to its own 
particular wave length. 

This view, however, is incorrect; the fact 
that, given certain conditions, various re- 
sonators will respond, even if their period 
be different from the natural period of oscil- 
lation of a transmitter, is to be accounted 
for by the consideration that all the energy of 
the transmitter is radiated in only one or two 
swings, with the result that oscillations may be 
induced in resonators of different periods, 
whilst, if the same amount of energy be dis- 
tributed in a great number of individual fecble 
impulses, their combined effect can only be 
utilised or detected by a resonator tuned so as 
to respond to their particular frequency. The 
tuned resonator will not then respond to the 
first two or three oscillations but only to a 
longer succession of properly timed impulses, 
so that only after an accumulation of several 
swings the E.M.F. becomes sufficient to break 


down the insulation of the coherer, and cause 
a signal to be recorded. 

Notwithstanding the disadvantages for ob- 
taining electrical tuning, attributed to the form 
of transmitter shown in Fig. 1, selection of 
messages is possible when using, say, two or 
three transmitters, having wires of consider- 
ably different lengths, and the induction coil 
or oscillation transformers on the receivers 
wound with varying lengths of wire in their 
secondary circuits, in order to cause them to 
be in tune or resonance with the length of 
wave of the transmitted oscillations as pointed 
out in my British patent, No. 12,326, dated 
Ist June, 1898. At page 1, line 19, this reads: 
“It is desirable that the induction coil should 
be in tune or syntony with the electrical oscilla- 
tions transmitted, the most appropriate number 
of turns and most appropriate thickness of wire 
varying with the length of wave transmitted.” 

The following experiment which has been 
successfully tried proves this point. At St. 
Catherine’s, Isle of Wight, we had a trans- 
mitting station having a vertical wire 45 metres 
long, and at sea 10 miles from our receiving 
station at Poole a ship with transmitting 
wire of 27 metres. It is therefore obvious that 
the wave length of the electric oscillations 
radiated from St. Catherine’s differed con- 
siderably from that radiated from the ship. 
Now, if at the receiving station at Poole we 
connected to a vertical wire two receivers, one 
having an induction coil with secondary in tune 
with the length of wave emitted by St. 
Catherine’s and the other with that emitted by 
the 27-metre feet wire on the ship, if St. 
Catherine’s and the ship transmit simul- 
taneously two different messages, these will be 
picked up at Poole, and each message will be 
reproduced distinctly on its receiver. 

I pointed out in a patent specification dated 
December 1gth, 1899, No. 25,185, page 2, that 
the best results are obtained when the length of 
wire of the secondary of the induction coils is 
equal to the length ot the vertical wire used at 
the transmitting station, therefore the length 
of the secondary of the receiving induction 
coils was made equal to that of the trans- 
mitting wire. (Something of the same kind 
has been lately noticed by Professor Slaby in 
what he calls an extension wire.) 

These results, although in a way satisfactory, 
did not appear to my mind a complete solution 
ofthe problem. I found it impossible to obtain 
the two messages at the receiving station, if 
the two transmitting stations were placed at 
equal distances from it, The following con- 
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siderations may perhaps explain this failure. 
If the 27-metres transmitting wire was placed 
at the same distance from Poole as the 
45-metres one, z.e., 31 miles, the waves 
emitted by the 27-metres’ wire would be 
too weak when they reached Poole to 
affect the receiver. On the other hand, 
if the 45-metre transmitter was placed 
at 10 miles from the receiver, then the 
waves radiated by it would be so strong as to 
affect the receiver tuned to respond to the 27- 
metre transmitter and blur its signals. 

It thus became apparent that some different 
form of less damped radiator was necessary, 
in order to obtain more practical and more 
useful results. 

I carried out a great number of experiments 
by adding to the radiating and receiving wires 
inductance coils, on a principle to that sug- 
gested by Lodge in hts 1898 patent (No. 
29069), but without obtaining any satisfactory 
results. The failure was probably due to the 
fact that the electrical capacity of the exposed 
conductors became too small in proportion to 
their inductance. I then tried various methods 
for increasing the capacity of the radiating 
system. The first and obvious mode of effect- 
ing this is by an augmentation in the 
size of the exposed conductor, but this 
method is not entirely satisfactory, in con- 
sequence of the circumstance that an in- 
creased surface means increased facility for 
radiating the energy during the first oscilla- 
tions, and also because large plates or large 
exposed areas are impracticable on board ship, 
and are always difficult to suspend and main- 
tain in good position during windy weather. 
The way out of the difficulty was discovered by 
adopting the arrangement shown in Fig. 3. 
Here, we have an ordinary vertical radiator 
placed near an earthed conductor, the effect 
of the adjacent conductor being obviously to 
increase the capacity of the electrical radiating 
wire without in any way increasing its radia- 
tive power, and, as I had expected, syntonic 
results were not difficult to obtain with such an 
arrangement. Mention of this method has 
been made by Captain Ferrie, one of the 
members of the French Commission which was 
present at the tests carried out across the 
English Channel in 1899, ina paper on wire- 
less telegraphy. See paper ‘‘ Etat Actuel et 
Progrés de la Telegraphie Sans Fil’’ read 
before the Congrès International d’Electricité, 
Paris, 1900.* 


® See The Electrician, October 26th, 1900, page 22. 
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Satisfactory results were obtained and I was 
encouraged to continue my researches in order 
to improve the system. 

Early in 1900 I obtained very good results 
with the arrangement shown in Fig. 4. This 
arrangement is fully described in a British 
patent application applied for by myself 
on March 2ist, 1900, No. 5387. In it the 
radiating and resonating conductors take 
the form of a cylinder, the earthed conductor 
being placed inside. This form of radiating 
and receiving areas is much more efficient 
than the one I have previously described. 
One necessary condition of this system is 
that the inductance of the two conductors 
should be unequal, it being preferable that 
the large inductance should be joined to the 
non-earthed conductor. I presume that in 
order to radiate the necessary amount of 
energy, it is essential that there should be a 
difference in phase of the oscillations in the 
two conductors, as otherwise their mutual 
effect would be to neutralise that of each 
other. In the first experiments mentioned 
by Captain Ferrie, this was obtained by simply 
using an earthed conductor shorter than the 
radiating or resonating one. When I used 
an inductance between the spark gap or 
oscillation producer and the radiating con- 
ductor, I found it possible to cause the 
electrical period of oscillation of the receiving 
cylinder to correspond to that of one out of 
several transmitting stations, from which one 
alone it would receive signals. The results 
obtained by this system have been remarkable. 
By using cylinders of zinc only 7 metres high 
and 1'5 metres in diameter, good signals could 
easily be obtained between St. Catherine’s, 
Isle of Wight, and Poole (distance 3 
miles), these signals not being interfered 
with or read by other wireless tele- 
graph installations worked by my assist- 
ants or by the Admiralty in the immediate 
vicinity. The closely adjacent plates and 
large capacity of the receiver cause it to be a 
resonator possessing a very decided period of 
its own, z.e., it becomes no longer apt to re- 
spond to frequencies which differ from its own 
particular period of electrical oscillation, nor 
to be interfered with by stray ether waves which 
are sometimes probably caused by atmospheric 
disturbances, and which occasionally prove 
troublesome during the summer. 

It seemed very remarkable to me during my 
first test that an arrangement similar to that 
shown in Fig. 4 should prove to be a good 
radiator and should enable such a considerable 
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distance to be achieved with cylinders of so 
moderate a height. It is probable that the 
great majority of the electrostatic lines of force 
pass directly from one cylinder to the other, 
but it must be also true that a certain number 
leave the outer part of the external cylinder, 
exactly as in the case of an ordinary radiator. 

The receiver is not shown in the sketch, but 
consists of similar cylinders to those used for 
transmitting the receiving induction coil or 
oscillation transformer, being placed where the 
spark gap is shown in Fig. 4. 

The capacity of the radiator due to the 
internal conductor is, however, comparatively 
so large that the energy set in motion by the 
spark discharge cannot all radiate in one or 
two oscillations, but forms a train of slowly 
damped oscillations, which is just what is 
required. A simple vertical wire, as shown in 
Fig. 1, may be compared with a hollow sphere 
of thin metal: which, when heated, would cool 
very rapidly, and the concentric cylinder system 
with a solid metal sphere which would take a 
very much longer time to cool. 

Mr. W. G. Brown suggested, in a patent 
specification dated 13th July, 1899, No. 14,449, 
the use of two conductors of equal length 
joined to each side of the spark gap, but he 
did not describe the inductance in series be- 
tween them and the spark gap, which, accord- 
ing to my experience, is absolutely essential 
for long distance work. 

Another very successful syntonised trans- 
mitter and receiver system was the outcome of 
a series of experiments carried out with the 
discharge of Leyden jar circuits. Taking for 
granted that the chief difficulty with the old 
system, as shown in Fig. 1, lies in the fact, as 
already stated, that the oscillations are very 
dead beat, I tried by means of associating with 
the radiator wire a condenser circuit, which 
was known to be a persistent oscillator to set 
up a series of persistent oscillations in the 
transmitting vertical wire. 

An arrangement as shown in Fig. 6, which 
consists in a circuit containing a condenser 
and a spark gap, constitutes a very persistent 
oscillator. Prof. Lodge has shown us how by 
placing it near another similar circuit it is 
possible to demonstrate interesting effects of 
resonance by the experiment usually referred 
to as that of Lodge’s syntonic jars. 

But, as Lodge points out, ‘“ A closed circuit 
such as this, is a feeble radiator and a feeble 
absorber, so that it is not adopted for action at 


*The Work of Hertz, by O. J. Lodge, page 7. 
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a distance.” I very much doubt if it would be 
possible to affect an ordinary receiver at even 
a few hundred yards. Itis very interesting to 
notice how easy it is to cause the energy con- 
tained in the circuits of this arrangement to 
radiate into space. 

It is sufficient to place near one of its sides a 
straight metal rod or good clectrical radiator ; 
the only other condition necessary for long dis- 
tance transmission is that the period of oscilla- 
tion of the wire or rod should be equal to that 
of the nearly closed circuit. 

Stronger effects of radiation are obtained if 
the radiating conductor is partly bent round the 
circuitincluding the condenser (soas to resemble 
the circuits of a transformer). 

I first constructed an arrangement as shown 
in Fig. 14, which consists of a Leyden jar or 
condenser circuit in which is included the 
primary of what may be called a Tesla coil, 
the secondary of which is connected to the 
earth or aerial conductor. The idea of using a 
Tesla coil to produce the oscillations is not 
new. It was tried by the Post Office officials 
when experimenting with my system in 1898, 
and also suggested in a patent specification by 
Dr. Lodge, dated roth May, 1897, No. 11,575, 
and by Professor Braun in the specification of 
a patent dated 26th January, 1899, No. 1862. 
My idea was to associate with this compound 
radiator a receiver tuned to the frequency of 
the oscillations set up in the vertical wire by 
the condenser circuit. My first trials were 
not successful in consequence of the fact that 
I had not recognised the necessity of attempt- 
ing to tune to the same period of oscillation 
(or octaves) the two electrical circuits of 
the transmitting arrangement (these circuits 
being the circuit consisting of the condenser 
and primary of the Tesla coil or transformer, 
and the aerial conductor and secondary of the 
transformer). 

Unless this condition is fulfilled, the different 
periods of the two conductors create oscilla- 
tions of a different frequency and phase in 
each circuit, with the result that the effects 
obtained are feeble and unsatisfactary on a 
tuned receiver. The syntonised transmitter 
is shown in Fig. 7. The period of oscillation 
of the vertical conductor, A, can be increased 
by introducing turns, or decreased by diminish- 
their number, or by introducing a condenser 
in the series with it. The condenser, C, in the 
primary circuit is constructed in such a manner 
as to render it possible to vary its electrical 
capacity. The receiving station arrangements 


are shown in Figs. 8 and g. 


May 17, 1901.) 


JOURNAL OF THE SOCIETY OF ARTS. 


511 


—_— a a E 


Here we have a vertical conductor connected 
to earth through the primary of a transformer, 
the secondary circuit of which is joined to the 
coherer or detector. In order to make the 
tuning more marked, I place an adjustable 
condenser across the coherer in Fig. 9. Now, 
in order to obtain the best results, it is neces- 
sary that the free period of electrical oscilla- 
tions of the vertical wire primary of trans- 
former and earth connection should be in 
electrical resonance with the second circuit of 
the transformer, which includes the condenser. 

I stated that in order to make the tuning 
more marked I placed a condenser across 
the coherer. This condenser increases the 
capacity of the secondary resonating circuit 
of the transformer, and in the case of a large 
series of comparatively feeble, but properly 
timed electrical oscillations being received, 
the effect of the same is summed up until the 
E.M.F. at the terminals of the coherer is 
sufficient to break down its insulation and 
cause a signal to be recorded. 

In order that the two systems, transmitter 
and receiver, should be in tune, it is necessary 
(if we assume the resistance to be very small 
or negligable) that the product of the capacity 
and inductance in all four circuits should be 
equal. A more complete and detailed 
description of this system is given in a British 
patent granted to me, dated 26th April, 1900, 
No. 7777. I have recently found that Professor 
Braun has recognised the necessity of tuning 
the circuits of the transmitter and receiver 
when using a Tesla coil in order to obtain 
syntonic effects, but I am not aware that such 
a proposal was published prior to the descrip- 
tion given in the above-mentioned patent. 

Atlhough little difficulty has been en- 
countered in measuring the capacity used in 
the various circuits, the measurement or cal- 
culation of the value of the inductance is no {so 
easy. I have found it impracticable by any of 
the methods with which I am acquainted 
directly to measure the inductance of, say, two 
or three small turns of wire. As for calculating 
the inductance of the secondary of small trans- 
formers, the mutual effect of the vicinity of 
the other circuits and the effects due to mutual 
induction greatly complicate the problem. 

Experiments have confirmed the fact that 
the receiving induction coils having the 
secondary wound in one layer and at a certain 
distance, say two millimetres (to cause the 
capacity to be so small as to be negligable), 
have a time period approximately equal to 
that of a vertical ccnductor of equal length 


(see patent granted to G. Marconi, dated 19th 
December, 1899, No. 25,186). 

If therefore we are using an induction coil 
having a secondary 4o metres long on the 
receiver, I should use a vertical wire 40 metres 
long at both transmitting and receiving stations. 
By so doing I have the two circuits at the 
receiving station in tune with each other, and 
I only have to adjust the capacity of the con- 
denser at the transmitter, which can easily be 
done, either by means of a condenser having 
movable plates that can be slid, more or less, 
over each other, or by adding or removing 
Leyden jars. 

If we start with a very small capacity which 
we gradually increase, a value of the capacity 
will be reached, which will cause signals to be 
recorded on the receiver. Supposing the re- 
ceiving system to be within the sphere of action 
of the transmitter, then the signals will be 
strongest when the capacity of the condenser 
is of a certain value. If we still increase the 
capacity, the signals will gradually die away, 
whilst if we go on increasing the capacity, and, 
at the same time, add inductance to the aerial, 
to keep it in tune with the condenser jar circuit, 
we are still radiating waves, but these do 
not affect the receiver. If, however, at the 
the receiving - station we add inductance 
or capacity to the wire A, Fig. 9, and also 
to the ends of the secondary of J 2, we find 
ourselves able to receive messages from the 
transmitter although we are utilising waves of 
a different frequency. 

It is easy to understand that if we have 
several receiving stations, each turned to a 
different period of electrical vibration, and of 
which the corresponding inductance and capa- 
city at the transmitting station are known, it 
will not be difficult to transmit to any one of 
them, without danger of the message being 
picked up by the other stations for which it is 
not intended. But, better than this, we can 
connect to the same vertical sending wire, 
through connections of different induct- 
ance, several differently tuned transmitters, 
and to the receiving vertical wire a 
number of corresponding receivers. Different 
messages can be sent by each transmitter 
connected to the same radiating wire simul- 
taneously, and received equally simultaneously 
by the vertical wire connected to differently 
tuned receivers. This result, which I believe 
to be quite novel, I showed to several friends 
of mine, including Dr. Fleming, F.R.S., in the 
summer of last year, and to an Admiralty 
Commission. Dr. Fleming has made mention 
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of the results I showed him, in a letter to Zhe 
Limes dated 4th October, 1900, and in his 
Cantor lectures delivered before the Society of 
Arts in November and December, 1900. A 
further improvement has been obtained by the 
combination of the two systems. In this case 
the cylinders are connected to the secondary 
of the transmitting transformer, and the receiver 
to a properly tuned induction coil, and all 
circuits must be tuned to the same period as 
already described. (See Fig. 16.) 

The tuning of the recciver to respond to the 
period of the transmitter, as used in the old 
form of transmitter shown in l'ig. 1, or in the 
new one shown in Fig. 7, has enabled results to 
be obtained over considerable distances with 
moderate heights. 

As already published by Dr. Fleming in the 
letter above referred to, signalling has been 
successfully carried out over a distance of 50 
kilometres with a cylinder only 1°25 metres 
high, 40 in. in diameter. 

This has led to the possibility of constructing 
portable apparatus for army purposes, which 
should be of great service in the field. I 
have succeeded in constructing a complete 
installation on a steam motor car, of which I 
here show a photograph. On the roof of the 
car, as you may observe, there is placed a 
cylinder which can be lowered when travelling, 
its height being only six or seven metres, and 
by this means communication has been easily 
carried out with a syntonised station over a 
distance of 31 miles. A 25 centimetre 
spark induction coil worked by accumulators 
and taking about 100 watts is used for trans- 
mitting, and the accumulators can be re- 
charged by a small dynamo worked by the car 
motor. I believe such an appliance might 
have been of use to the besieged garrisons 
in South Africa and China. 

A strip of wire netting laid on the ground is 
sufficient for earth connection, and by dragging 
it along communication can be established 
even when the car is travelling. I have 
recently obtained as good results by not using 
any “‘ connection ” to earth, but only utilising 
in lieu of earth the electrical capacity of the 
boiler of the motor car. I also find that 
signals can be transmitted a considerable 
distance with the cylinder in a horizontal 
position. 

Last spring I recognised the desirability of 
carrying out tests between stations situated at 
much greater distances apart than had been 
attempted heretofore.* A station was estab- 


* See Electrician Feb, ; 5th, 1901, page 609. 
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lished at the Lizard, Cornwall, and on the first 
attempt communication was effected with 
St. Catherine’s, Isle of Wight, over a distance 
of 186 miles, which I believe is the record 
distance over which signals have been sent 
through space without wires. It is interesting 
to observe that signals were obtained over this 
distance with the transmitting apparatus as 
shown in Fig. 1, or with the arran gement shown 
in Fig. 7, provided always that a suitable 
resonating induction coil was employed at the 
receiving station. 

The amount of energy used for signalling 
over this distance is not more than 150 watts, 
but experiments with a larger amount of energy 
will shortly be carried out. In the case of the 
186 miles transmission, the aerial con- 
ductor consisted of four parallel vertical wires, 
1°50 metres apart, 48 metres long, or in a strip 
of wire netting of same length. 

It is interesting to note that in order to com- 
municate between my stations at Poole and St. 
Catherine’s (distance 31 miles) with the 
same amount of energy and the same kind of 
aerial wire, this must be 20 metres high 
to obtain signals of about the same strength as 
those obtained between the 186 miles stations 
with the 48 metre aerials. 

This goes to confirm many other results 
previously obtained, which indicate that with 
a parity of other conditions the distance varies 
with the square of the height of the vertical 
conductors at the two stations. I have always 
found this law fulfilled, if the height of the 
conductors at the two stations is approximately 
equal, although an attempt has been made 
recently to throw doubt upon its correctness. 

You will admit that the progress achieved in 
syntonic space telegraphy must have enor- 
mously increased its field of application and 
usefulness, since a very great number of non- 
interfering stations can now be_worked in the 
immediate vicinity of each other. 

It will probably be of interest if I give you a 
few examples of the progress made in the 
practical utilisation of my system. An eminent 
electrician recently expressed a doubt whether 
there was at present a single circuit worked 
commercially on a practical system of wireless 
telegraphy.* 

If earning a revenue from working installa- 
tions can be termed a commercial working, 
even such an incomplete list of these as time 
will now permit me to give you, and which are 
now all in permanent working order, may be 


“See the Aéectrician, November 3oth, 1900, page 211, and 
Editorial Article, page 203. 
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sufficient proof that a beginning at least has 
been made in the commercial utilisation of the 
system. 

In March, 1900, there were in use in the 
Royal Navy in South African waters, five in- 
stallations of my system. The Admiralty was 
apparently well satisfied with its working, 
since in May of last year they decided to extend 
its adoption to 32 more ships and land stations. 
The conditions of the contract were that each 
apparatus before being accepted, should be 
satisfactorily worked by naval signalmen be- 
tween two ships anchored at Portsmouth and 
Portland, over a distance of 62 miles, a 
considerable portion of which, z.e. 18 miles, 
lies over land, with intervening hills, and the 
height of aerial wire was specified not to exceed 
on each ship 49 metres. The apparatus was 
delivered in a comparatively short time, no sets 
having been found unsatisfactory. The appa- 
ratus supplied to the Admiralty is, so far, all 
of the old pattern, z.e. the non-syntonised 
system; and I have been informed that mes- 
sages have been transmitted and received by 
naval signalmen between ships more than 160 
kilometres apart. It sometimes occurs that 
the unfamiliarity of the operators with the par- 
ticular kind of apparatus used caused unsatis- 
factory results to be obtained, but I believe 
this trouble will soon disappear. I am glad 
to be able to state that arrangements 
are being made to instal my new 
syntonic apparatus upon several of His 
Majesty’s ships. I believe that in no other 
navy in the world is wireless telegraphy 
being worked regularly over such con- 
siderable distances. My system is also 
used for communication between the Borkum 
Riff and Borkum lightship in Germany, where 
an ordinary commercial charge is made for 
messages received from ships, and it is em- 
ployed further on the Nord Deutscher Lloyds 
mail steamer Karser Wilhelm der Grosse. 

According to an official report ofthe Imperial 
postal authorities of Oldenburg, the total 
number of commercial wireless telegrams 
transmitted from and to the lightship between 
May 15th and the end of October amounted to 
56s, and of these 518 came from ships at sea, 
whilst 47 were transmitted to ships. Of the 
518 telegrams, 35'7 per cent. were addressed to 
the North German Lloyd and 64°3 per cent. to 
other shipping firms. 

The installations are worked by ordinary 
operators in a most satisfactory manner, and, 
on one occasion, assistance was obtained for 
a man who was taken suddenly ill on the 


Borkum Riff, and it was thus made possible 
to hand him over promptly for medical treat- 
ment on shore. 

The system has been in operation at La 
Panne, near Ostend, and on the Belgian mail 
steamer, Princess Clémentine, which plies to 
Dover. With a height of only 22 metres on 
the ship it has been found practicable to com- 
municate from Dover Harbour to La Panne, 
43 miles away, and this installation has 
proved of value in saving life and property. 
Thus, recently a barque was wrecked on the 
Rattel Bank. The Princess Clémentine, 
which happened to pass near, at once sent a 
message to Ostend, and, before leaving, was 
able to tell the shipwrecked sailors that assist- 
ance was on the way. The men were all saved.* 
On another day coming within sighting distance 
of the Ruytingen Lightship, situated about 
154 miles from Dunkirk, the captain of the 
Princess Clémentine observed that he was 
being signalled. It appears that the lighting 
apparatus of the Ruytingen had gone out of 
order. The captain of the mail packet imme- 
diately despatched a niessage which was re- 
ceived by the installation at La Panne, and re- 
peated to the lighthouse department at Dunkirk. 
A crew immediately set out for the lightship 
and effected the necessary repairs, and the 
great inconvenience and danger of the light- 
ship not being able to have the lights in order 
was averted. 

Another instance of the usefulness of the 
wireless telegraphy in an emergency was fur- 
nished when the Princess Clémentine herself 
went ashore on the Belgian coast during a 
fog. Within a few minutes of the accident 
news of it was telegraphed from the stranded 
ship to Ostend, with the result that a tug was 
at once despatched to her assistance, and she 
got off at the next high tide. So successful 
has the installation of wireless telegraphy been 
on the mail steamer Princess Clémentine, 
between Dover and Ostend, that similar 
apparatus is to be fitted on the other vessels of 
the same fleet. 

The system has been in use, furthermore, 
since March Ist last, for ordinary commercial 
telegraphy between the Sandwich Islands, 
where a regular charge is made for the same. 
An installation has also been successfully 
carried out by my assistants for the French 
Government, between Antibes in France, and 
Corsica, a distance of 124 miles. 

As has already been published in the daily 
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papers, much use has been made of my system 
in the Navy during the voyage of the Duke and 
Duchess of Cornwall and York to Australia. 

I have tried lately to ascertain how near a 
tuned transmitter, which is radiating waves of 
a certain frequency, must be to a receiver, tuned 
to a different frequency, in order that the said 
receiver shall be affected. I find that if we are 
working with oscillations which differ very con- 
siderably in period, a transmitter capable of 
sending signals 31 miles to a tuned receiver 
will not affect a non-tuned one at 50 metres. If 
the periods of oscillation of the two tunes are 
more similar to each other, then the non-tuned 
receiver may be affected even at several 
kilometres. 

Considerable use is still made of the non- 
tuned system at my experimental stations, in 
order to be able to communicate with ships 
fitted with what I call the old system, and also 


in order to be able to communicate with the - 


Naval Station at Portsmouth. 

Before concluding, I wish to say a few words 
on a method proposed by Prof. Slaby, and 
with which I have also carried out some experi- 
ments. As transmitter, Slaby uses an arrange- 
ment as shown in Fig. 13, which consists of a 
vertical conductor, in which is interposed a 
condenser K and aspark gap 8. The top of the 
wire is not free, but is connected to earth 
through an inductance C D and a wire E. 

At the receiving station the arrangement 
shown in Fig. 171s employed. It consists in a 
vertical conductor D C, connected to earth at 
C, which should be the nodal point of the waves 
induced in the wire D C, where there is joined 
another wire, termed an extension wire, of 
equal length. 

In this case Slaby places an apparatus which 
he calls a ‘‘ Multiplicator,’’ connected to the 
coherer between the end of the extension wire 
and the earth, or by another arrangement 
(Fig. 17); he uses a loop wire FGHDCE, 
the multiplicator being placed between E and F 
in series with the extension wire J. By means 
of this arrangement, Slaby, on the 22nd 
December of last year, showed the reception 
of two different messages sent from two trans- 
mitting stations situated at unequal distances 
from the receiving station to be possible, one 
station being at 4 kilometres and the other at 
14; thus obtaining a result which may be con- 
sidered similar to that obtained by me some 
months previously over larger distances (sce 
Professor Fleming’s letter in Zhe Times 
of the 4th October, 1900). The information 
given in Slaby’s paper, as published in the 


LEleklrotechnischen Zeitschrift, is exceed- 
ingly incomplete. 

We are not told what was the amount of 
energy used for the transmission nor the height 
of the vertical conductor at the receiving 
station or at the transmitting station at the 
Aberspree Kablewurks. We are only told that 
the transmission wire was suspended between 
the chimney shafts. Very little information is 
given asto the appliance which Dr. Slaby calls 
a Multiplicator. G. Kapp, who is probably 
acquainted with the details of Slaby’s work, 
commenting on this paper of his, calls the 
instrument in question ‘‘an especially wound 
induction coil (‘ Induction-spule ’), the function 
of which is to increase the E.M.F. of the 
oscillations at the ends of the coherer.’’ Upon 
reading this for the first time, I assume that 
the multiplicator was an oscillation transformer 
performing the function of those described in 
my patent, dated 1st June, 1898, and also 
described in my Royal Institution lecture of 
the 2nd February, 1901. As I subsequently, 
however, discovered, Professor Slaby, referring 
to the multiplicator, states: ‘‘ This apparatus 
in its most simple form consists of a wire coil 
of a determined shape and form of winding, 
which depends upon the length of the 
wave. . . . I might call this apparatus, 
unknown to my knowledge up to the present, 
a multiplicator. It is not to be confounded 
with a transformer, as it has no secondary 
winding.” 

This statement appears to me very am- 
biguous, as I always have understood that 
what we call transformers need not have a 
distinct secondary winding. An appliance 
called an auto-transformer was used by the 
Westinghouse Company for regulating the 
E.M.F. supplied to house lighting installations, 
which consisted in a single winding, a certain 
number of turns acting inductively on the 
adjacent ones. (See ‘‘ The Alternate Current 
Transformer,” by J. A. Fleming, vol. 2, pp. 187, 
188). 

One of the first transformers ever made is 
shown in the work above referred to, vol. 2, 
pp. 6 and 7. At page 6 we read :—‘‘ Page 
really made the first experiment in auto- 
induction and showed that different parts of 
the same conductor might act as primary and 
secondary circuits to each other, if in con- 
tiguity.’’ 

I installed the apparatus described by Slaby 
at Niton, Isle of Wight, and at Poole, using 
wires 35 meties high, but with the receiving 
wire earthed at c (Fig. 17) of the loop, I could 
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receive nothing although I tried various 
frequencies of oscillation. It is, however, 
probable that I might have received, had I 
been working over much shorter distances than 
50 kilometres, as Slaby did in his demonstra- 
tion, or had I used a greater height of wire. 

By using, however, my method of con- 
nection, z.e., introducing between the vertical 
wire and earth an oscillation transformer, 
having its circuits tuned to the frequency given 
by an ordinary vertical radiating conductor of 
length equal to the Slaby wire Aa c. I suc- 
ceeded by means of extremely sensitive coherers 
in obtaining communication. I then tried the 
following experiment. I took down the earth 
wire E D, and the inductance DC, and used 
only the conductor A C insulated, with the con- 
denser in circuit for transmitting. An enor- 
mous strengthening of the signals at the re- 
ceiver was immediately obtained, which 
obviously means a greater ease of working, 
and the possibility of obtaining signals over 
greater distances. The reasons which demon- 
strate that a closed circuit, such as is employed 
by Slaby, must be a poor radiator, are obvious 
to those who have studied and read the 
classical works published since the time of 
Hertz’ experiments. 

Dr. Slaby, however, states that the in- 
ductance at the top of his loop confines 
the oscillations to the vertical part A c. If 
this be the case, the frequency of these local 
oscillations cannot be equal to that of the whole 
circuit A C D E, which it has been stated was 
so easy to calculate, if the translations of 
Slaby’s paper I am relying on are correct. 

I believe that notwithstanding the inductance 
C D, a considerable amount of energy must pass 
to earth through the earthed wire, which acts 
as a leak uselessly dissipating energy which 


should be radiated into space in the form of 
ether waves. 


If these conclusions are correct, I am not at 
all clear as to what necessity there is for 
employing the earthed conductor E D and the 
inductance. 

It is not necessary for obtaining syntonic 
effects from transmitting stations placed at 
unequal distances from the receiver, as this 
can be obtained when using the primitive form 
of tra’ smitter shown in Fig. 1, and Slaby has 
not yet described how to obtain different 
messages from transmitters situated at equal 
distances frum the receivers, which is much 
more difficult in my experience, nor does it 
appear possible with the method he describes 
to transmit various messages at the same time 


from one sending wire as can be done with the 
system I have just explained. 

The distance obtained with the closed trans- 
mitting arrangement must be comparatively 
small. 

As I have already stated, communication 
over a distance of 300 kilometres is now being 
maintained with my system, but I am not 
aware of anything approaching even 100 kilo- 
metres being achieved with the loop trans- 
mitter. It may be said that long distances of 
transmission are not necessarily an advantage, 
but I notice that the Navy wants long distance 
apparatus supplied to it. 

I have also tried connections similar to 
Slaby’s extension wire in the receiver, but I 
find that the real sifting out of waves is done 
in the oscillation transformer, although some- 
times it may be desirable to increase the period 
of oscillation of the aerial conductor by adding 
inductance to it, or at other times to decrease 
its period by placing a suitable condenser in 
series with it. 

I trust it will not be thought that I wish in 
any way to minimise the importance of Slaby’s 
work. I only wish to get at the facts and to 
draw a discussion on a very interesting subject. 

Time does not permit me to refer to a great 
number of experiments upon which I am now 
engaged, or which have been carried out by 
others, but I hope on a future occasion to 
describe better results. 

I have come to the conclusion that the days 
of the non-tuned system are numbered. The 
ether about the English Channel has become, 
in consequence of great wireless activity, ex- 
ceedingly lively, and a non-tuned receiver 
keeps picking up messages cr parts of mes- 
sages from various sources which very often 
render unreadable the message one is trying to 
receive. I am glad to say, however, that I am 
now prepared with syntonic apparatus suitable 
for commercial purposes. 

And, as my final word on the general subject 
for the present, let me say that those who are 
responsible for the recent development of wire- 
less telegraphy into a practical science, cannot 
fail to find great satisfaction in the reflection 
that, as already life has been saved that with- 
out this discovery would have been lost, so, in 
the future, apart from its manifold commercial 
possibilities, valuable as these are, humanity 
is likely to have before very long to recognise 
in telegraphy through space without connect- 
ing wires the most potent safeguard that has yet 
been devised to reduce the perils of the world’s 
sea-going population. 
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DISCUSSION. 


Dr. FLEMING, F.R.S., said, that as he had 
been permitted to be a little behind the scenes, 
and had seen some of the apparatus before it 
was made public, he was able to entirely 
confirm Mr. Marconi’s statements with regard to 
his experiments. A very great stride forward 
had been made in syntonic telegraphy. The sub- 
ject was not a new one, in fact, a large number of 
patents had been taken out in connection with it, 
most of which, however, embodied more hope than 
experience. In spite of the fact that there were so 
many claims of priority in the matter, he had the 
strongest possible conviction that Mr. Marconi was the 
first person to actually achieve a truesyntonictelegrapby 
with electric waves. He had done that in virtue of 
having followed out to their logical issue the funda- 
mental scientific principles of the subject which he 
had so clearly grasped, one of which was the essential 
distinction between the radiative and the non- 
radiative circuit. Many inventors and patentees had 
professed to have obtained syntonic telegraphy with 
a simple open aerial insulated radiator of the Marconi 
type. Although it was possible to produce a kind 
of bastard syntonic telegraphy by that means 
it was not possible to produce true syntonic 
telegraphy, because the aerial simply produced a 
sort of ztheric impulse or explosion, and not a true 
train of waves. It was just as possible to produce 
true syntonic telegraphy by those means as it would 
be to cause one whip tocrack by cracking another one 
near toit. Whenaclosed circuit was taken, which 
was a powerful absorber of electric energy, and 
associated with a radiative circuit, a means was 
obtained for producing a true train of waves. 
If those two circuits were tuned together, a great 
improvement was effected on anything previously 
accomplished. Mr. Marconi had not only con- 
structed a receiver capable of receiving trains of 
waves, but also capable of not receiviug those not 
adapted to it. No train of waves would act upon 
his syntonic receiver except those which had a par- 
ticular period. An analogy might be found in 
a cork floating on water, which would be bobbed 
up and down by any wave, long or short, which 
went over it; but a heavy log of wood floating 
on the water and tethered to the bottom of the sea by 
a spiral spring would only be caused to bob up and 
down by waves baving one particular period. The 
former corresponded to a simple coherer, and the 
latter to a syntonic receiver of the kind described in 
the paper. He quite agreed with Mr. Marconi that 
the days of the non-syntonic telegraphy were num- 
bered, because no one would choose a receiver capable 
of being affected by every vagrant wave, when 
such an instrument as Mr. Marconi's latest form 
of receiver was available. Among tle possi- 
bilities which lay in front of the invention was that it 
would be immediately possible to provide the Admi- 
alty and the Post Office with instruments having 


an Admiralty or Post Office frequency, and 
to register frequency just as a telegraphic address was 
registered, so that no one else could use that 
particular frequency. He had had the privilege of 
riding on the motor-car described by the reader of 
the paper, and, when many miles from home, they 
were able to communicate with their hotel and order 
their lunches. In conclusion, he offered his warmest 
congratulations to Mr. Marconi on the immense 
strides he had made in the improvement of his 
initial invention. 


Captain KENNEDY said he wished to explain, in 
common justice to Mr. Marconi, some of the points 
connected with the operation of the system in 
South Africa. A scheme was suddenly conceived 
and hastily executed of sending apparatus and 
assistants to install the system at Durban. But 
instead of setting it up at that port, it was sent to 
the front. No poles were available, and the attempts 
to substitute kites and balloons were unsuccessful. 
For want of labour and proper materials progress was 
slow, and eventually the work was stopped. On 
arriving in Natal, on the first opportunity, he handed 
the whole system over to Captain Percy Scott, who 
worked it most satisfactorily on board the ships at 
Durban up to the time he left South Africa. The 
operations in Cape Colony were entirely experi- 
mental, and would have succeeded had they been 
given a fair chance. 


The CHAIRMAN, in proposing a vote of thanks to 
Mr. Marconi for his admirable paper, said that, after 
listening to what wireless telegraphy had already 
done in saving life and ships, they realised why the 
reader of the paper, although so young, had ac- 
quired fame, why he had won that more substantial 
reward which sometimes went with fame, but 
often did not, and also grasped why he had earned 
what should be dearer to him than fame or 
wealth, the gratitude of all peoples for having so ` 
courageously developed a new sense for the world. 
Although still far away, he thought they were 
gradually coming within thinkable distance of the 
realisation of a prophecy he ventured to make four 
years ago, of a time when if a person wanted to call 
to a friend he knew not where, he would call in a 
loud, electro-magnetic voice, heard by him who had 
the electro-magnetic ear, silent to him who had it not. 
“ Where are you?” he would say. A small reply 
would come, ‘‘I am at the bottom of a coal mine, or 
crossing the Andes, or in the middle of the Pacific.” 
Or, perhaps, in spite of all the calling, no reply would 
come, and the person would then know his friend was 
dead. Let them think of what that meant, of the call- 
ing which went on every day from room to room of a 
house, and then think of tbat calling extending from 
pole to pole; not a noisy babble, but a call audible 
to him who wanted to hear and absolutely 
silent to him who did rot, it was almost like 
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dreamland and ghostland, not the ghostland 
of the heated imagination cultivated by the Psychical 
Society, but a real communication from a distance 
based on true physical laws. On seeing the young 
faces of so many present he was filled with green 
envy that they, and not he, might very likely live to 
see the fulfilment of his prophecy. 


The resolution was carried unanimously. 


Mr. MARCONI, in reply, thanked Dr. Fleming for 
his kind remarks, to him he was also indebted for 
valuable advice on many subjects he did not under- 
stand, and in which Dr. Fleming’s theoretical know- 
ledge was of great value. In reference to Captain 
Kennedy’s remarks, he wished to give an explana- 
tion. When the war broke out in South Africa he 
was asked whether he could send his apparatus out 
there. His associates, in reply, made two proposals 
(1) To send apparatus for work at tbe Front, 
and (2) between shore stations and the trans- 
ports at Durban. The proposal of using the 
apparatus at the Front was not accepted by the War- 
office at the time. The apparatus was sent out with- 
out poles because he was informed they would be 
found at Durban. On the arrival of his assistants 
in South Africa they pluckily volunteered to go 
to the Front, thinking the system might be 
woiked with advantage to the English army, but 
on reaching the Front poles could not be obtained 
by which to raise the wires. At that time, 
according to his old-fashioned system, this was abso- 
lutely necessary. Captain Baden-Powell came to 
the rescue with some well-designed kites, and signals 
were transmitted about 18 miles. Although the 
system was never used during operations in South 
Africa, it was not the fault of the system. In con- 
clusion he thanked the Chairman for his remarks, and 
hoped he would be able to improve considerably on 
what he bad done and obtain more valuable results for 
land and sea purposes. He wished also to thank tke 
Council of the Society of Arts for asking him to read 
the paper, and the audience for the kind way in which 
they had appreciated his efforts. 


Miscellaneous. 
— 
THE GENEVA-CHAMOUNT ELECTRIC 
RAILWAY. 
An electric railway line intended to bring 


Chamouni—hitherto only to be reached by diligence 
or by private carriage—within easy reach of Geneva, 
at a moderate cost, is now in course of construction. 
The line has been built at great expense by the Paris- 
Lyon-Méditerranée Company from Fayet St. Gervais, 
a station two hours by rail from Geneva, and a trifle 
longer trom Aix Jes Bains, During the summer 


season it is intended to run six trains daily between 
Geneva and Chamouni, the time to be taken on the 
journey being tbree and a half to four hours. From 
Paris to Chamouni will take about 14 hours. The 
electric line from Fayet St. Gervais to Chamouni is 
20 kilometres (12} miles) long, and for 3-6 kilometres 
(21 miles) the carriages will ascend on cogs. The 
line, according to the United States Consul at 
Geneva, is expected to be in working order by June 
or July next at the latest, and will have a first and 
second-class service. The fare, second-class, from 
Le Fayet to Chamouni will be 1-95 francs (about 
1s. 64d.), The first-class fare has not yet been fixed. 


E G 


APPROXIMATE VALUE OF BAGASSE AS 
FUEL. 
(By Francis N. G. GILL.) 


A very much debated point in cane-sugar manu- 
facture is tbe amount of fuel (if any) required to 
supplement the bagasse in the working off a crop of 
cane by a sugar factory of modem type. Statements 
have been made from time to time tbat the bagasse 
should afford all the fuel required, at least during the 
period crushing is carried on; and, commonly, 
bagasse wet from the mill is regarded as being 
equivalent to 1-5th or 1-6th of its weight in coal. 
It is the object of the present paper to fully analyse 
the capacity of bagasse in this connection. 

In 1891-92, Messrs. F. Stohmann and H. Langbein 
published their determinations of the heats of com- 
bustion of a large number of carbohydrates and of 
many proteids, and from the former are taken, for 
the purposes of this paper, those for saccharose, 
invert sugar, and cellulose, while for the albuminous 
and gummy matters making up the “unknown,” it 
is accepted that the same heating value as for 
cellulose may be assigned, as an approximation, as 
while the albuminous matters would have a con- 
siderably greater value (10300, about, as against 
7533 T.U.), this would be discounted, to some 
extent, by the presence of other bodies of less thermal 
value, and in no case—as the amount of the 
“unknown”? is very small—is any possible dis- 
crepancy, so given rise to, of importance; and the 
procedure shortens the figuring required. The 
original thermal values of Messrs. Stohmann and 
Langbein have been converted from the scientific 
‘¢ gram-molecule ” weight, and calories, into British 
thermal units (B.T.U. or T.U.) for use in the 
statement following :— 

(1). In single and simple milling, giving 66°2 per 
cent. juice on the cane. From actuals, cane con- 
taining 9 per cent. ‘‘ bagasse proper ” (fibre 8:7, and 
ash, *3 per cent.), and the juice containing 17°2 per 
cent. solids (15 per cent. sugar, 1°7 per cent. invert 
sugar, °2 per cent. “unknown,” and °3 per cent. ash), 
and 82-8 per cent. water. 

(2). In double and simple milling, giving 70 per 
cent. juice on the cane. Deduced from (1), 
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(3). In double milling and maceration, with 10 per 
cent. dilution, giving 75 per cent. juice on the cane. 
Deduced from (1), and accepting that the water left 
in the bagasse will be the same, in proportion to the 
solids present, as in (2). 


(x.) | (2.) | (3) 
Tons cane crushed ... ...| 100 100 1o00 Added 
Tons juice won... 66°2 70'O 750 water 
Tons bagasse left 33'8 30°0 25°0 (+2°96) 
Tons “bagasse proper ”’ 
contained... ... a ee g'o g'o g'o 
Therefore, Tons juice re- 
tained ., 278 21'0 160 
Whence, the bagasse consists of: — 
Per Per | Tons.| Per 
Foni, Cent. hone: Cent. Cent. 
Fibre (cellulose)...| 8°7 | 25°74] 87 | 29°09% | 8'7 | 31°r2 
“ Unknown ” (al- 
bumenoids, 
gums, &c.}  ...]| “05 "15; ‘Of;  'r3| “OZ! "Io 
8'75) 25°89 | 874, 2913| 873. 31°22 
Sugar (sucrose or 
saccharose) 3°72, 11°00] 3°15) 1050| 2'40: 858 
Invert sugar... "42 1'24 "330° 1'20 °27 °97 
Ash... ... we se] 937] ro) 6°96) r20) | *38 | T25 
Water ... .| 20°54 | 60°78 | 17°39 | 57°97 | 16°21 | 57°98 


33°80 | 100°00 | 30°00 | 100°00 


[ae 


27°96 |100°00 


Cellulose, sugar and invert sugar (carbohydrates) 
consist chemically of the elements of water and 
carbon, and the clements of water must go off 
combined, either directly or indirectly, as water on 
their combustion; and must carry away the heat 
proper to water vapour at the flue gas temperature ; 
and, of course, the associated water carries off its 
share of heat on evaporation in the boiler furnace ; 
and therefore it is necessary to arrive at the total 
water of the bagasse when burnt :— 


(1). Water of combustion is for 
the— 

Fibre, 55°6 per cent. water, and 

same for “ unknown ’’—say, as 


a sufficient approximation 14°39 | 16°20 | 17°35 
Sugar, 57°9 per cent. water 6°37 6°08 4°97 
Invert sugar, 60 per cent. water.. L "74 °72 *58 
Total water of combustion... 21°50 | 23°00 | 22°90 

(2.) Water associated 60°78 | 5797 | 57°98 
Total Water ...| 82°28 | 80°97 | 80°88 


— 


There have now been obtained all the data for the 
calculation of (1) total thermal value of the bagasse ; 
(2) thermal units absorbed by the: waters of the 
bagasse; and (3) thence nett thermal units available 
in boiler fire. 

Taking Stohmann’s thermal values for the paeetre 
constituents concerned :— 


| (r.) 


ee ee 
a ee 


Fibre and “‘unknown,”’ 
7533 T.U.-x Ibs. 
Sugar, 7119°5 T.U. | 

x lbs... ... a u = 783) = 
Invert sagat, 6748 +1 "0124 = 8,012 = 81 


oe (3.) 
Pe 
P 


. "2589 = 1950 "2913 = 2194 | ‘3122 = 2352 


748 I" "0858 = 612 
"0097 = 05 


Gross thermal units,; 
per lb. bagasse 

Less required to vap-; 
orise the water of 
comb. and raise vap- 
our to flue gas temp..,| 
say, 584 F. ww wo. 275| ass 295 


j — 


Nett T.U. of the bag- 
asse perfectly dry ... 
T.U. required to vap- 
orise, &c., the assoc. 
water... ie ks Sa] ake 753 oo FiB ass 718 


T.U. availablein boiler | 
fire 
T.U. required io: raise 
the balance of flue’ 
gases to 584 F., sp.| 
heat of the constitu- 
ents of the bagasse, ' 
other than assoc.: 
water, taken aso's... ... 58 


T.U. available for! 
steam raising and 
to meet losses from 
radiation, &c. ... 


Taking ordinary dry coal as containing 14000 T. U. 
per lb., the value of the bagasse is then, for the T. U. 
available in boiler fire :— 


In x Ib. bagasse... 1789 | 2010 2018 
Inrton „ . 4007360 | 4502400 4520320 
Equal to, lbs. coal 286'2 321°6 322°8 
And tons bagasse from 

100 tons cane were... 33'8 30'0 27°96 
Therefore the bagasse 

from 100 tons cane 

is equal to, tons 

ordinary quality coal 4°32 4°30 4°03 


So that as judged from the heat available in the 
boiler fire, the bagasse is worth only from 1-8th to 
1-7th of its weight of ordinary coal, but of the heat 
available in the boiler fire an altogether undue propor- 
tion is wasted in heating a large excess of air. In 
ordinary firing with coal the excess air used seldom 
exceeds 100 per cent., while with bagasse firing it is 
generally 150 per cent., and probably is often 200 per 
cent. The effect is, of course, that as bagasse is 
at present burnt a further discount has to be made 
on its thermal value relatively to that of coal. 
All things considered, the writer would take that 
bagasse is burnt with an average of 150 per cent. 
excess air as against an average of 75 per cent. for 
coal, and this difference would entail a discount on 
the heating value of bagasse relatively to coal of close 


upon II per cent., so that it is more strictly true to 
6 
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say that bagasse has, as usually burnt and coming 
straight from the mill, only 1-9th to 1-8th the value 
of an equal weight of an ordinary quality of coal. 

Of these wastages, the first one—owing to associated 
water—is easily ameliorated in part where labour is 
cheap and the necessary drying ground available, and 
the weather suitable. Spreading the bagasse over the 
ground and keeping it turned for about two days, 
results in a reduction of the water to from 15°5 per 
cent. to 43°7 per cent., and an average of 35 per cent. 
would mean a saving of 433 T.U. per lb. of bagasse. 
In Southern India, the cost of the drying leaves 
about 15s. profit for each 100 tons. of cane worked. 
The loss of available heat, owing to the water in the 
bagasse, is generally recognised, and is much dis- 
cussed, especially in Louisiana, where it is likely 
something will be done to partly dry the bagasse on 
its way from the mill to the furnace, at a cost which 
will leave a balance on the right side of the books. 
the second wastage— owing to the very large excess 
of air admitted to the bagasse in the furnace—is 
probably more difficult of treatment. If, by an 
arrangement of chambers in front of the furnace for 
the bagasse to be fed through and through me- 
chanically controlled doors, direct pressure draught 
of half inch to one inch could be used, air supplied 
might be easily reduced to 50 per cent. excess, leading 
to an economy of 238 T.U. per lb. of bagasse, and at 
the same time, by means of economisers, the flue gas 
temperature might be reduced from 500 Fahr., above 
atmospheric temperature, to 300 Fahr., leading toa 
further economy of 155 T.U., or a total of 393 T.U. 
per lb. of bagasse. These two economies may be 
summarised thus :— 

In the case of 


I 2 3 

For the 100 tons cane, 
bagasse tons ... ... .. 338. . 30°0 27°96 

1. Tons coal equivalent of 
433 T.U. perlb. ... ... 1°05 93 86 

4. Tons coal equivalent of 
393 T.U. per 1b. .. ... "95 "84 sei 78 
Total tons coal equivalent 2'00 dcr OP? uss 1°64 


How far special plant, in its capitalised cost, and 
upkeep, for the short working in the year of the cane 
season, can be provided for profitably out of the 
savings aggregating, at the most, two tons of coal 
per 100 tons cane worked, is the question to be 
ultimately considered in the case of each factory with 
reference to its working tonnage. 

As regards the extent to which the juice can be 
worked into sugar by the bagasse : 


From the milling by 


I 2 3 
There were obtained ... 11°45... 12°0 ... 12'9 tons solids. 
548 ... 580 ... 62°: tons water. 
Plus maceration water... ... se. a 4 70 


69'r tons water. 


and, further, there is the evaporation of the wash- 
waters used in the centrffugals, of the water to effect 
the further concentration of tbe first syrup, at least, 
for a second boiling; there is the concentration of all 


sweets, and, in particular, there is ‘the large con- 
sumption of steam (in its expansion and consequent 
partial condensation) for driving the engines, and all 
to come out of 4-4°3 tons of coal equivalent. 
Evidently the bagasse of cane cannot work more than 
from half to two-thirds of its juice into sugar. 

It will be noticed from the figures given that owing 
to the concentration in fibre with its comparatively 
large heating power, and owing to the less water 
contained of the more exhausted bagasse, the heating 
value of the bagasse per lb. improves with the better 
milling, which leads, therefore, to only a fewer 
number of lbs. bagasse in its depreciation of the fuel 
value of the bagasse as a whole. 


IRON IN NEW SOUTH WALES, 


Almost every description of iron ore is found in 
New South Wales, including brown bæmatite, very 
large and extensive, irregular deposits and pockets of 
which occur at Wallerawang, Blackheath, Newbridge, 
Lithgow Valley, Jamberoo, Nattai, Berrima, Mount 
Keira, Mittagong, Broughton Vale, Port Hacking, 
near Gundagai, Mount Tellulla, and Newbridge or 
Back Creek, near Blayney. Deposits of this ore are 
being worked and smelted at Lithgow ; near Cooyal ; 
8 miles from Jervis Bay; Burra Burra; Narrandera ; 
50 miles west of Forbes, Lachlan River; Narellan 
Creek; Scone; near West Maitland; in the coal 
ranges, Clarence River; at Tamworth; between the 
Lachlan and Bogan Rivers; and in many other places, 
such as between Mount Tomah and Mount King 
George. In fact, this mineral is one of the most 
widely diffused in the State. Between Cooyal and 
Warrigal Springs, a wide vein of brown hematite is 
reported with magnetite. Pseudomorphous crystals 
of iron pyrites changed into brown hematite occur at 
Carwell. Brown hzematite is common on the Bingera 
diamond fields in the form of small concretionary 
nodules, some of which are as spherical as marbles ; 
in other cases they are more or less elongated, or two 
or three of the globular forms may be joined together. 
Some possess a curiously wrinkled or corrugated 
surface, but most are quite smooth, but not polished, 
the material being rather soft. On breaking them 
open they are seen to have traces of a concentric 
structure. The outer portions occasionally present 
indications of a radiate fibrous structure also. Sta- 
lactites of hematite are often formed by the ferru- 
ginous springs found over the Coal Measures, as at 
Berrima and Nattai, county Camden, and elsewhere, 


and the deposits of brown iron. 


Correspondence. 
a 


THE THAMES STEAMBOAT SERVICE. 


It may be of interest in connection with Mr. Hill’s 


paper on “Thames Steamboat Service” to mention 
‘ 
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that an excursion steamer has been at work on 
Carlingford Lough for two summers; length 118 ft. 
6 in., breadth 18 ft. 6 in. and 7 ft. 6 in. deep. Cer- 
tificate for 552 passengers and crew. Speed on trial, 
11 miles per hour with 114 indicated horse-power. 
During 73 days running, making several trips daily, 
she covered 4,743 miles and consumed a total of 43 
tons Welsh coal, lighting and banking fires included. 
Her usual speed with excursionists nine miles per 
hour at which speed engines indicate 63 horse-power, 
mean draught 2 ft. 10 in. She has double screws 
and is so easily steered that on the Clyde she turned 
from heading for Glasgow to heading towards 
Greenock while at full speed, without slowing the 
engines. This is the river proper not far from 
Clydebank. Forty-five such vessels could probably 
be had for £200,000. 
HENRY BARCROFT, 


The Glen, Newry, Co. Down, 
May 6th, 1901. 


Obituary. 
i 


ProF. ROWLAND, LL.D.—Henry A. Rowland, 
Professor of Physics in the John Hopkins University 
of Baltimore, died at Baltimore on the 16th April 
last in the fifty-third year of his age. He was a 
foreign member of the Royal Society, and in 1897 he 
was clected honorary corresponding member of the 
Society of Arts. Many other scientific societies in 
Europe enrolled his name on their lists of members. 
He was the recipient of several medals from scientific 
institutions for his physical researches, one of them 
being for his work on the “ Mechanical Equivalent of 
Heat.” He was specially devoted to the investigation 
of spectroscopic phenomena, and for this purpose he 
was led to construct diffraction gratings of a fineness 
and beauty never before attained. The United 
States Government appointed Professor Rowland 
Celegate to the International Congress of Electricians, 
Paris, 1881, the International Congress for the 
Determination of Electrical Units, Paris, 1882, the 
Electrical Congress, Philadelphia, 1884, and the 
International Chamber of Delegates for the De- 
termination of Electrical Units, Chicago, 1893; of 
the last two he was President. 


MEETINGS OF THE SOCIETY. 
ORDINARY MEETINGS. 


Wednesday evening, at Eight o’clock :— 

May 22.—“ Testing and Training Distant Vision, 
with special reference to Military Requirements.” 
By R. BRUDENELL CARTER, F.R.C.S, 


APPLIED ART SECTION. 


Tuesday evening, at 8 o’clock :— 


May 21.—‘*The Rise and Development of 
Egyptian Art.” By Proressor W. M. FLINDERS 
PETRIE, D.C.L. Sır JOHN Evans, K.C.B., 
F.R.S., Chairman of Council, will preside. 


MEETINGS FOR THE ENSUING WEEK. 


Monpay, May 20... Geographical, University of London, 
Burlington-gardens, W., 84 p.m. 

British Architects, 9, Conduit-street, W., 8 p.m. 
Professor W. M. Flinders Petrie, “The Sources 
and Growth of Architecture in Egypt.” 

Medical, 11, Chandos-street, W., 8 p.m. Annual 
Oration. 

Victoria Institute, 8, Adelphi-terrace, W.C., 8 p.m. 
Rev. G. A. Shaw, “The Arab Immigration into 
South-East Madagascar.” 


Tusspay, May 21... SOCIETY OF ARTS, John-strect, 
Adelphi, W.C., 43 pm. (Applied Art Section.) 
Prof. W. M. Flinders Petrie, “The Rise and 
Development of Egyptian Art.” 

Royal Institution, Albemarle-street, W., 3 p.m. 
Dr. A. Macfadyen, “ Cellular Physiology, with 
Special Reference to the Enzymes and Ferments.”’ 
(Lecture VI.) 

Designers, Clifford’s Inn, Fleet-street, E.C , 8 p.m, 
Mr. F. Hamilton Jackson, “The Essentials of 
Design for Stained Glass.” 

Statistical, 9, Adelphi terrace, Strand, W.C., § p.m. 
Mr. Victor V. Branford, ‘The Calculation of 
National Resources.”’ 

Pathological, 20, Hanover-square, W., 
Annual Meeting. 

Zoological, 3, Hanover-square, W., 8} pm. ır. 
Mr. Oldfield Thomas, “The more noticeable 
Mammals obtained by Sir Harry Johnson, K.C.B., 
during his recent Expedition to Mount Ruwenzori.”’ 
2. Mr. R. C. Punnett, “ Some Arctic Nemer- 
teans.” 3. Prof. W. B. Benham, “ The Anatomy 
of Cogra breviceps.” 

Wepngspay, May 22...SOCIETY OF ARTS, John-street, 
Adelphi, W.C., 8 p.m. Mr. R. Brudenell Carter, 
s Testing and Training Distant Vision, with 
Special Reference to Military Requirements.” 

Geological, Burlington-house, W., 8 p.m. 

Royal Society of Literature, 20, Hanover-square, 
W., I p.m. 

TuHursDAY, May 23...Royal, Burlington-house, W., 43 p.m. 

Antiquaries, Burlington-house, W., 8} p.m. 

Royal Institution, Albemarle-strect, W., 3 p.m. 
Professor Dewar, “The Chemistry of Carbon, 
(Lecture I.) 

Camera Club, Charing-cross-road, W.C., 8} p.m. 
Mr. T. Manley, “Recent Improvements in 
Ozotype.’’ 

Fripay, May 24...Royal Institution, Albemarle-street, W., 
8 p.m. Weekly Meeting. 9 p.m. Dr. R. T. 
Glazebrook, ‘‘ The Aims of the National Physical 
Laboratory.” 

Clinical, 20, Hanover-square, W., 8} p.m. 

Linnean, Burlington-house, W., 8 p.m. Annual 
Meeting. 

SATURDAY, May 25...Royal Institution, Albemarle-street, 
W., 3 p-m. Prof. W. M. Flinders Petrie, “ The 
Rise of Civilisation in Egypt,” (Lecture ITT.) 


8} p.m. 
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FRIDAY, MAY 24, 1901. 


All communications for the Soctety should be addressed to 
the Secretary, Fohn-street, Adelphi, London, W.C. 


Notices. 
S 


CONVERSAZIONE. 


The Society’s Conversazione will be held, 
by permission of the Council of the Royal 
Botanic Society, in the Gardens of that Society, 
Inner Circle, Regent’s-park, on Friday even- 
ing, the 28th of June, from g to 12 o'clock. 

Two entrances to the Gardens will be used. 
The principal entrance faces the road leading 
to York-gate and St. Marylebone Church. It 
is less than half-a-mile from Baker-street 
Station, on the Metropolitan Railway. The 
second entrance is on the north side of the 
Gardens, near the road leading to Chester- 
terrace and the east side of Regent’s-park. A 
covered way leads from this into the Con- 
servatory. 

The Royal Botanic Society’s Exhibition of 
Rhododendrons will be on view. 

A Selection of Music will be performed by 
the String Band of the Royal Artillery in the 
Conservatory, and by the Bard of the Grena- 
dier Guards in the Gardens, which will be 
illuminated on the occasion. 

A vocal and instrumental concert by the 
Royal Criterion Hand Bell Ringers and Glee 
Singers, under the direction of Mr. Harry 
Tipper, will be given at intervals in the Club 
House and in the grounds. 

Light refreshments (tea, coffee, ices, claret- 
cup, &c.) will be supplied. 

Each member is entitled to a card for him- 
self (which will not be transferable) and a card 
for a lady. In addition to this, a limited 
number of tickets will be sold to members of 


the Society, or to persons introduced by a- 
member, at the price of 5s. each, if purchased 


before the date of the Conversazione. On that 
date the price will be raised to 7s. 6d. 
Members can purchase additional tickets by 


personal application, or by letter addressed to 
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the Secretary. In all cases of application by 
letter a remittance must be enclosed. Each 
ticket will admit one person, either lady or 
gentleman, and must be signed by the member 
applying for it. 

_ Tickets will only be supplied to non-mem- 
bers of the Society on presentation of a letter 
of introduction from a member. 

It will greatly facilitate the arrangements if 
members requiring additional tickets will apply 
for them at as early a date as convenient. 

The Council reserve the right of stopping 
the sale of tickets or of raising the price, if it 
is found necessary, in order to restrict the 
number of visitors within reasonable limits. 


APPLIED ART SECTION 
COMMITTEE. l 


A mz2eting of the Committee of the Applied 
Art Section was held on Tuesday afternoon, 
21st inst. Present: Sir George Birdwood, 
K.C.I.E., C.S.I. (in the chair), Professor A. H. 
Church, Lewis F. Day, Lasenby Liberty, J. 
Hungerford Pollen, Sir Walter S. Prideaux, 
Alexander Siemens, John Sparkes, Hugh 
Stannus, H. H. Statham, J. W. Swan, Sir 
Thomas Wardle, with Henry B. Wheatley, 
Secretary of the Section. Suggestions for 
papers for the next Session were discussed. 


HOWARD LECTURES. 


On Friday evening, 17th inst., MR. ALFRED 
C. EBORALL, M.I.E.E., delivered the fourth 
and last lecture of his course on ‘‘ Polyphase 
Electric Working.” 

PROFESSOR JOHN PERRY, F.R.S. (Chair- 
man), proposed a hearty vote of thanks to the 
lecturer for his course of lectures, which was 
carried unanimously. 

The lectures will be published in the fournal 
during the summer recess. 


INDIAN SECTION. 


On Thursday afternoon, May 16, Igor (at 
the Imperial Institute), SIR GEORGE BIRD- 
woop, K.C.I.E., C.S.I., in the chair. The 
paper read was on ‘‘ The Town and Island of 
Bombay — Past and Present.” By L. R. 
WINDHAM FORREST. 

The paper and report of the discussion will be 
published in a future number of the Fournal. 
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APPLIED ART SECTION. 


Tuesday evening, May 21, 1901 ; SIR JOHN 
Evans, K.C.B., F.R.S., Chairman of the 
Council, in the chair. The paper read was 
‘‘The Rise and Development of Egyptian Art.” 
By PROFESSOR W. M. FLINDERS PETRIE, 
D.C.L. 

The paper and report of the discussion 
will be published in a future number of the 
Fournal. 


Proceedings of the Society. 


—e 


TWENTIETH ORDINARY 
MEETING. 


Wednesday, May 22, 1901; PROFESSOR 
JOHN MILLAR THOMSON, LL.D., F.R.S., 
Member of the Council, in the chair. 


The following candidates were proposed for 
election as members of the Society :— 


Baker, Henry G., Brinsworth Works, Rotherham. 

Colbourne, Thomas, Barnstaple. 

Czarnikow, C., 103, Eaton-square, S.W. 

Dick, John Moncrieff, 27, Hamilton-terrace, N.W., 
and Bombay, India. 

Docker, Frank Dudley, 
Edgbaston, Birmingham. 

Greenop, Joseph, 8, William-street, Workington. 

Hammersley, Edwin J., 10, Pall-mall, Hanley, Staffs. 

Hunsiker, Lieut.-Colonel Millard, 71 and 72, King 
William-street, E.C., 

Kadono, Chokuro, 1, St. James’-mansions, West- 
end-lane, N.W. 

Magden, William Leonard, Surrey-house, Victoria- 
embankment, W.C. 

Mitchell, Charles William, Jesmond Towers, New- 
castle-on-Tyne. 

Shawcross, George N., Lakelands, Horwich, Lanca- 
shire. 

Smith, William Lawrence, 31, Portman-square, W. 

Speyer, Edgar, 7, Lothbury, E.C. 

Troup, James, Shedfield-grange, Botley, Hants. 


Rotton - park Lodge, 


The following candidates were balloted for 
and duly elected members of the Society :— 


Dewar, Douglas, Almora, N.W.P., India. 

Dos Santos Remedios, Eugenio Francisco Xavier, 
31, Wyndham Street, Hong Kong, China. 

Faridi, Khan Bahadur Fazlullah Lutfullah, The 
Customs House, Bombay, India. 


The paper read was— 


TESTING AND TRAINING DISTANT 
VISION WITH SPECIAL REFERENCE 
TO MILITARY REQUIREMENTS. 


By R. BRUDENELL CARTER, F.R.C.S. 


The subject on which I propose to address 
you this evening, is one which, at first sight, 
does not appear to be entirely in harmony with 
the peaceful objects of our Society ; but, if we 
remember that there is an art of war, and also 
that commerce follows the flag, we shall 
find any seeming incongruity shrink into 
insignificance as we proceed. I propose 
to deal, moreover, essentially with the cultiva- 
tion of human faculty, to whatever purpose 
it may eventually be directed ; and my reference 
to military requirements will be chiefly sug- 
gested by the circumstance that the recent 
events of war have served to bring into unac- 
customed prominence the advantages of clear, 
acute, and rapid vision, and to direct public 
attention to the methods by which those 
advantages may best be attained and secured. 

For many years I have been crying in the 
wilderness on this subject, and have done what 
little was in my power in order to call atten- 
tion to the fact that one reason, as it seems to 
me, why excellence of sight is not cultivated 
as it might be, is that parents, as a rule, have 
never obtained any precise idea of the standard 
which it ought to reach. Nearly everyone 
has a conception, more or less definite, with 
regard to the physical capabilities of a child 
in other respects, with regard, for example, to 
the speed with which he ought to run, 
to the distance which he might be expected 
to walk, or to the weight which he might 
reasonably be asked to carry. Very few 
people have any corresponding conception with 
regard to sight. I have here some letters of 
definite sizes, cach one of which ought to be 
recognised at some definite distance; but I 
doubt whether many, even among this audience, 
could tell me how many of these letters their 
own children should be able to recognise 
from the back benches at the far side of the 
room, or would be seriously disconcerted if the 
performance of these children fell even very far 
short of what is regarded as the normal 
standard. One consequence of this want of 
knowledge is that the visual defects of the 
young constantly escape detection at home; 
and that parents are often grievously disap- 
pointed by discovering, after time and money 
have been spent in preparing a son for some 
definite calling, that he is physically unfit to 
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pursue it. 
example, are not admitted into the Royal 
Navy; and I have seen scores of instances in 
which they have been educated for the express 
purpose, only to be rejected as soon as the 
usual tests were applied to them. The parents 
then constantly exclaim that they did not know 
that the rejected boys had any defect of sight ; 
although they could not have failed to know it 
if their attention had ever becn seriously 
directed to the question. 

The act of seeing depends upon two totally 
dissimilar factors, which require to be separately 
considered. The first of these is the formation 
within the eye of an optical image, or inverted 
picture of the thing looked at, by arrangements 
which, in principle, resemble those of a photo- 
grapher’s camera; the second is the appcal 
which this image makes to the consciousness, 
and the manner in which the consciousness 
responds tothe appeal. Theeye, regarded asan 
optical instrument, determines certain limita- 
tions of the power of seeing; and these 
limitations, although they might certainly be 
widened under the influence of evolution, acting 
in a favourable direction through successive 
generations, can scarcely be modified in the 
individual. The response of the conscious- 
ness to the visual impression, on the other 
hand, may be rendered almost indefinitely more 
accurate and more rapid by education: and it 
is to the consciousness, therefore, with a view 
to the production of any immediate result, 
that our attention should chiefly or entirely be 
directed. 

We have many of us been familiar, even 
from early childhood, with a very charming 
little story, entitled, ‘‘ Eyes and No Eyes; or, 
the Art of Seeing,’’ and the title of that story 
has, I have observed, been made to serve as 
a text for more than one sermon upon recent 
South African experiences. Those who have 
so used it, have, I fancy, been more familiar 
with the title than with the story itself. It 
deals with two boys, who took the same walk 
on the same day, and one of whom returned 
full of its incidents, having seen mistletoe, a 
variety of birds, a viper, a dragon fly, an eel- 
catcher, sea shells in a marl pit, and many 
other objects of interest; while the other said 
that his walk had been very dull, and that he 
had scarcely met a single person. But he had 
to admit, in cross-examination, that he saw 
some of the things mentioned by the first boy, 
but did not take particular notice of them, 
because he did not care about them. His 


case is recorded for our instruction, not as an 


Boys with defective sight, for: 


example of defective vision, but as an example 
of mental inertia ; and, as even the gods fight 
in vain against stupidity, we may, perhaps, 
turn away from him to address ourselves to 
defects of a more remediable character. 
Regarded as an optical instrument alone, 
the eye is often faulty, either by reason of 
changes produced by disease, or by reason of 
want of accurate proportion between its 
different parts. Defects of proportion are 
usually, at least to a great extent, remediable 
by glasses or other mechanical contrivances ; 
but I propose to-night to dismiss from con- 
sideration all examples of this kind, which 
could not be adequately dealt with in the time 
at my disposal, and which may be regarded as 
mere occasional complications of the genera] 
question. I propose to confine myself to the 
well-formed eyes of young and healthy people, 
who do not require glasses for reading or 
other near work, and who would not be 
helped by them for distance. I further propose 
to confine myself to distant as distinguished 
from near vision, which differs from the former 
in requiring some active exertion of the 
internal mechanism by which the eye is 
adjusted. For distant vision, or broadly 
speaking, for vision of objects which are more 
than twenty feet away, the eyes should be 
passive internally, or as optical instruments, 
and should be called upon for no other effort 
than such as may be required from their 
external muscles, for the purpose of turning 
and fixing the gaze in the required direction. 
Every well-formed eye is, as I have said, 
essentially a small camera, and forms within 
itself a minute inverted image of the object 
looked at; an image which is received, not, as 
in the camera, upon a sheet of ground glass or 
a sensitive plate, but upon a delicate living 
membrane, composed of the terminations of 
innumerable nerve fibres, and called the retina. 
The ends of these nerve fibres are presented to 
and receive the image, and the fibres them- 
selves, which would be circular in section if 
they were free from lateral pressure, are 
rendered hexagonal by being pressed together 
and brought into universal contact with those 
around them. The result is that the surface of 
the retina, on which the image falls, is a fine 
mosaic of hexagons, in close apposition to 
one another. The hexagons are of two 
different kinds, called respectively rods and 
cones, the former being the terminations of 
cylindrical and the latter of tapering or conical 
nerve elements; and the two are somewhat 
differently endowed. The cones, which possess 
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the most acute vision, and in which colour 
sense chiefly or exclusively resides, are closely 
packed together, to the exclusion of rods, in 
the central part of the retina, which receives 
the image of whatever object is directly looked 
at. In a zone round this centra! part each 
cone is surrounded by a single circle of rods ; 
and, at a still greater distance from the centre, 
the rods greatly predominate, and form several 
concentric circles around each cone. It is in 
consequence of this arrangement that we see 
acutely only the point to which the gaze is 
directed ; while objects to the right or left of 
that point, or above or below it, are only seen 
with sufficient distinctness to render us 
conscious of their presence. If they excite our 
curiosity, the central vision is immediately 
directed towards them. 

Assuming that we are looking at a distant 
object through a perfectly clear atmosphere, 
its visibility, in a sense implying a power to 
recognise its nature, is strictly conditioned by 
the magnitude of its image upon the retina, in 
relation to the magnitude of the hexagons of 
which the retinal surface is composed; and 
the magnitude of the image is determined by 
two elements, the size of the object and its 
distance from the eye. The light which is 
reflected from all parts of an object, and by 
means of which it becomes visible, passes into 
space in straight lines; and hence, if the eye 
be directed to the centre of the object, as to 
that of the vertical arrow in the diagram, the 


Fic. 1. 


light from the upper end of the arrow, which 
descends to reach a point within the eye called 
its optical centre, continues its descent, beyond 
that point, until it reaches the lower part of 
the retina; while that which ascends from the 
lower end of the arrow, to reach the same 
centre, continues to ascend until it reaches the 
upper part of the retina. The angle formed 
by these intersecting lines of light, where they 
meet in the optical centre, is called the visual 
angle; anda glance at the diagram will shew 
that a smaller object, nearer the eye, will be 
seen under a visual angle equal to that of a 
larger object which is more remote. The 
size of the visual angle determines. of course, 


the distance apart of the extreme points 
of the image on the retina, and conse- 
quently the size of that image as a whole; 
and the estimate we form of the real size 
of the object looked at depends mainly 
on our estimate of its distance. We may look 
at a house in a landscape, and then at a model 
of the same house standing upon an adjacent 
table, and may receive a retinal image of the 
same size from each; but we judge the house 
in the landscape to be larger than the model, 
because we know the former to be distant and 
the latter to be close at hand. Now each 
hexagon of the retinal surface on which the 
image is received may be shewn by experiment 
to be a sentient unit, responding to the portion 
of the image which falls upon it; and each 
hexagon responds as a whole, being stimulated 
either equally with or more or less than its 
neighbours, but not being endowed with any 
power of analysing its own sensation. If we 
direct the eye to a white surface, so that all the 
hexagons on which the image of that surface 
falls are equally illuminated, and if we then 
place upon the field a black spot of such a size 
that its imag® covers only half or one-third of a 
hexagon, that hexagon will receive only half or 
two-thirds as much light as its neighbours, and 
will impart a consciousness of diminished 
illumination over its own area, but it will not be 
able to impart a consciousness that one part 
of its individual area receives less light 
than another. The hexagon responds as a 
whole, and informs us that it receives less 
light than those around it, or light of a 
different colour or tone from that which falls 
upon those around it, but it does not inform 
us whether the diminished light is on one or 
another part of its own surface; and, if the 
black spot producing the difference be reduced 
to the extreme limits of visibility, the area of 
diminished illumination will appear hexagonal. 


In this diagram we hav: two images of the 
letter E cast upon the hexagons of the retinal 
surface. In the larger image, the interval 
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between the upper and lower horizontal limbs 
of the letter and its central projection is so 
large as to leave an untouched hexagon in the 
space; and the eye on which such an image 
fell would see the interval, and would be 
rendered conscious of the presence of an 
illuminated or white portion between the 
central and the upper and lower limbs. In 
other words, it would see the outline of the 
letter sufficiently for recognition. In the 
smaller image, the edge of the upper or lower 
limb is so near the edge of the central limb as 
not to leave an untouched hexagon between 
them, and the result would be that no such 
space would be recognisable by the eye. The 
letter would not be seen distinctly, but only as 
a dark blur, in which no shape or outline would 
be distinguishable. 

I have here some test objects of a different 
kind, which are better for some purposes than 
letters ; and which consist of irregularly shaped 
rows of dots or circles, each separated from 
those nearest to it by an interval equal to its 
own diameter. Everybody in this room will see 
the separateness of the larger dots in each 
figure, and will be able to count them; and 
nobody will be able to count or to see the 
separateness of the smaller ones. This separ- 
ateness ceases to be visible, for each eye, as 
soon as the retinal image becomes so small as 
not to afford, between the images of two adja- 
cent dots, a space sufficiently large to leave an 
unaffected hexagon. Analogous objects are 
provided for us in Nature, by stars which are 
sufficiently near together to appear single to 
the naked eye, but which are shown to be double 
by the larger image afforded byatelescope. In 
the case of the star known as e Lyra, the 
unaided eye may perceive a pair so close that 
they can only just be distinguished. When a 
telescope is used, not only are the two stars 
of the pair widely separated, but it is seen that 
each one of them is composed of two stars 
apparently close together ; so that the original 
seemingly single object really consists of four 
stars in two binary pairs. The Pole star, again, 
has a companion, not to be distinguished by 
the naked eye, but which affords a suitable 
test of the performance of a small telescope, 
having an object-glass of from two and a half 
to three inches in diameter. 

It is obvious, I think, that the limit of visible 
size, at any given distance, must be determined, 
for every individual, by the actual surface area 
of the individual hexagons of which his retina 
is built up; and, if there be any truth in the 
common belief that the members of certain 


savage races have essentially better sight than 
civilised men, the only possible explanation of 
the fact would be in their possession of smaller 
and more numerous hexagons. Of this there 
is no evidence; but it is not impossible that 
the fact may be so, either in certain races or 
in certain individuals. The question is one 
which it is hardly possible to investigate. In 
the course of surgical practice it is sometimes 
necessary to remove a healthy eye, which may 
then be submitted in a fresh state to prepara- 
tion for microscopic examination; but such 
opportunities, very rare in civilised life, have 
not hitherto been afforded among savages ; 
and, if one such should chance to occur, it 
would be extremely remarkable if there were 
present at the time an anatomist and micro- 
scopical observer of sufficient skill to use it to 
advantage. The average diameter of the 
hexagons in civilised man is about the two 
thousandth part of a millimetre; that is to 
say, there would be between twelve and fifteen 
thousand of them in the space of an inch. It 
is obvious that a slight diminution of size 
might produce a decided increase in acuteness 
of vision, and would be very difficult of accurate 
measurement. It is equally obvious that such 
a diminution is quite conceivable ; but there is 
no evidence of its existence, and there is very 
little evidence in support of the assertion that 
the sight of savages is more acute than that 
of civilised men living under similar conditions. 
The story of von Humboldt and the Indian 
guide has often been quoted; but von Humboldt 
appears to have taken his own sight as his 
standard of comparison, and this may possibly 
have been defective. What is apparently the 
best authenicated example of superior sight in 
a savage was furnished by the statement of 
Arago that he met with a Siberian Tartar who 
had never looked through a telescope, and 
whose naked eyes had made him acquainted 
with the third satellite of Jupiter; but it is 
quite possible that this statement might not 
stand the test of rigid inquiry. Professor 
Huxley has left on record his own disbelief that 
uncivilised have better sight than civilised 
men; and any assertion of the kind should 
rest upon numbers and not upon individual 
instances. The magnitude of the retinal image. 
is, of course, readily deducible from that of the 
visual angle, and it has been determined to 
accept, as a test of what may be called natural 
or normal vision, the power to distinguish the 
characters of objects, letters printed in block 
type for example, which are of such a size and 
at such a distance that each letter as a whole 
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is seen under a visual angle of five minutes, 
and cach of the parts or limbs under a visual 
angle of one minute. This test is an easy one, 
to which all natural and healthy eyes should be 
able to respond correctly, and it is satisfied by 
a degree of acuteness of vision which many 
people will somewhat exceed. 

Some five or six years ago I undertook to 
examine the sight of a large number of children 
in London clementary schools ; and one of the 
first results of my enquiry was to ascertain that 
a considerable proportion of these children, 
who were in good health and who possessed 
healthy and well proportioned eyes, were not 
able to reach even the moderate standard of 
vision which I have described. The only 
explanation of their condition which, after 
some consideration, I was able to suggest, 
was that the circumstances of their lives never 
directed their attention to objects seen under 
small visual angles, or standing anywhere near 
the limits of visibility, and that hence they 
were unpractised in the recognition of such 
objects, and unaccustomed to bestow attention 
upon the small retinal images which they 
produced. The range of vision of a town child 
of the poorer classes is ordinarily limited by 
the short extent of straight and uninterrupted 
street which may be in front of him, or even by 
the other side of the street, so that he never or 
scarcely ever receives images under visual 
angles rendered small by the distance of the 
objects ; while the objects themselves, in so 
far as streets furnish them, are seldom such as 
to afford small images by reason of their own 
minuteness. In other words, his vision is never 
exerted to anything like what ought to be the full 
measure of its powers, and, like any other par- 
tially disused faculty, it suffers from want of 
employment and of cultivation. I saw that, if 
my hypothesis were correct, the country child 
might be expected to have better vision than 
the town child. The latter never looks at any- 
thing smaller than the people in the strects, or 
at an omnibus or a wheelbarrow within a few 
feet of him; the former, even in his daily walk 
to school, has before him an expanse of land- 
scape, presenting numerous more or less 
noticeable objects under visual angles rendered 
small by distance. He finds attractions in 
every hedgerow, flowers, insects, birds, berrics, 
nests, many of them small, many of them dis- 
guised by their resemblance in colour to their 
surroundings, and requiring the closest scrutiny 
in order that they may be distinguished. His 
eyes are exercised beneficially in his daily life ; 
and such investigations as I have been able to 
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make appear to shew that his average vision 
somewhat exceeds the very moderate standard 
of normality, just as that of a large number of 
town children falls decidedly below it. 

I could offer you some evidence of the same 
kind derived from personal experience. My 
own boyhood was spent in a country home in 
Devonshire, in a district commanding very ex- 
tensive views, and in the vicinity of wide moor- 
lands. A relative, a gentleman who lived 
much with us, somewhat of an invalid, was an 
enthusiastic naturalist, and early made me the 
frequent companion of his walks. He tried, I 
hope and believe with some success, to make 
me see and notice everything that the country 
had to shew, to know every bird by its flight, 
every creature by its footprint, every tree by its 
growth. The result was a somewhat eager com- 
petition with him in the art of seeing, and in 
an endeavour to sec things before he could 
point them out to me; and our competitions 
sometimes took the form of exercises in search- 
ing a wide area. We would go on a summer 
evening to the gate of a field of tall grass, in 
which rabbits were feeding, and the faintest 
whistle would send up a pair of ears for each 
rabbit, their tips just shewing. The trial would 
be which of us would be first to name the total 
number of rabbits in the field. I am quite 
sure that I am indebted to this period of my 
life for vision which has not only always been 
above the average of acuteness, but also, I 
believe, above the average in rapidity of re- 
sponse to an impression, than which there can 
be no more important quality for a scout or a 
soldier. 

It will be manifest, on a moment’s reflection, 
that seeing is a matter which requires an 
appreciable time, and the length of this time 
varies much in different people. The image 
formed upon the retina of the eye has to be 
communicated by nerve conduction to the 
brain, and the conduction may be more or less 
rapid. The secing person, before we can say 
that he has secn, must give some indication 
that he has done so, commonly by speech or 
movement; and this means a communication 
back again from the brain to the speaking or 
moving organs of his body. Let us suppose 
that he is reading aloud, and that his voice 
gives evidence of his having seen the printed 
words before him. A child or an unskilful 
reader receives perfect retinal imagez, and in 
a sense sees the words perfectly, but is not 
able to recognise them at a glance, and has 
to dwell upon each one in succession, and, so 
to speak, to see it slowly, with the result, that 


Afay 24, 1901.] 


JOURNAL OF THE SOCIETY OF ARTS. 


527 


he cannot look forward along the line, and 
perceive what is coming with sufficient rapidity 
to modulate his voice in accordance with mean- 
ing, or with the position of a stop. His eyes 
see each word just as well as an adult or a 
skilful reader would see it, but his conscious- 
ness responds slowly to the visual impression. 
As the child improves in reading by practice, 
it is not his sight that improves, but his power 
of responding quickly to visual images of a 
kind which he has been accustomed to observe, 
and has consequently learned to recognise 
quickly. He learns, in fact, to know at a 
glance what it is that he sees. Even with 
ordinary practice, there are great differences 
among individuals with regard to the degree 
of rapidity of response to visual images which 
they are able to attain. An ingenious in- 
strument for measuring the speed of response 
to nerve impressions, whether they be of 
sight, of sound, or of contact, is formed by 
a rod, graduated in inches or centimetres, and 
suspended vertically between the jaws of two 
pairs of clips, one above the other. In use, 
the rod hangs from the upper clip, and the 
person to be tested stands with a finger upon 
a trigger by which the lower clip is closed. A 
signal is given to him, by sight or hearing, a 
signal by which the upper clip is at the same 
time opened, and the rod suffered to fall. In 
the quickest possible response to the signal he 
presses the trigger, and the fall of the rod is 
arrested by the lower clip, the distance which 
the rod has fallen serving to measure the 
quickness of the response to the signal. But, 
as the machine is ordinarily constructed, many 
people would be too slow to arrest the rod at 
all; and I am quite familiar, as a practitioner, 
with degrees of slowness of response to sight 
impressions which are sufficient to place diffi- 
culties in the way of education. That very keen 
observer, Bishop Earle, writing 270 years ago, 
and describing a ‘‘ plain country fellow,” tells 
us that, ‘‘let him be ever so much in haste, yet 
if a good fat cow come in his way he will fix 
there half-an-hour’s contemplation,” plainly 
meaning that he would not sooner be able to 
satisfy himself that he had scen all the good 
points of the animal. 

The power of rapid seeing is important to 
the professors of sleight of hand; and Robert 
Houdin, in his autobiography, describes how 
it was cultivated by his father and himself. 
They walked quickly together past a shop 
window, looking in as they walked, and then 
each of them made the most complete list he 
could of the things which were exhibited. 


They reached such perfection, by constant 
practice, that it became rare for either of them 
to omit anything of importance, even when the 
articles displayed were numerous and various. 
They ceased to require to dwell upon the image 
of an object in order to recognise its nature, 
but were able to do so at a glance. In war- 
fare, of two opposed sharpshooters, the man 
with the quickest sight gets the first shot. 
There are, I have no doubt, a certain number 
of persons, but only a small number, in whom 
slowness of seeing is an organic and practically 
an irremediable defect; but, in a general way, 
a high degree of rapidity may be attained by 
cultivation. Everybody has seen the improve- 
ment which occurs in every child in the course 
of learning to read, and the same thing would 
occur with regard to any other exercise of 
vision. It occurs in many sports, most of all, 
perhaps, in learning to bat at cricket, especially 
to a fast bowler; and there are plenty of ways, 
besides that of Houdin and his father, in which 
it may be systematically practised. One of 
them would be to place a circle of revolving 
letters behind an aperture ina fixed card which 
allowed only one of them to be seen at a time. 
The letters should be of such proportions as to 
be easily visible at the distance at which the 
observer was placed. A certain speed of rota- 
tion would render them obscure to anyone, but 
they would be read at much higher speeds by 
some than by others. The speed could easily, 
if desired, be regulated and measured by clock- 
work, and the letters might be supplemented 
or replaced by various pictorial objects. 
Another most important element in the pro- 
duction of keen and rapid sight is the possession 
of acute and cultivated vision for colour, and 
this again admits of almost unlimited improve- 
ment by practice. In order correctly to 
estimate its value, we must remember that 
mimicry of the general colour effect of natural 
scenery and objects forms the chief defence of 
many wild creatures against their cnemies, 
and that a colour sense quick to perceive 
slight differences is the faculty by which, 
before all others, the defence is rendered un- 
availing. Nothing but keenness of colour 
sense renders it possible to see a trout when 
looking directly down upon its back against 
the bottom of a pebbled stream; or to see a 
distant deer among the greys and greens and 
browns of Highland scenery; and everything 
that applies to these conditions would apply 
with equal force to the conditions of warfare 
which have existed in South Africa, or to those 
which may in the future come to exist else- 
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where. Now, there are people, amounting in 
number to between two and three per cent. of 
the male population of these islands, and 
probably of the world, who are what is 
correctly described as colour blind, and whose 
condition is incurable, and incapable of 
being even improved. Their defect is organic. 
Colours which to ordinary eyes are widely differ- 
ent appear the same to them, and always must 
doso. I know an officer in the army who would 
not see the slightest difference in colour between 
the surface of a grass field and a man in khaki 
lying upon it; so that, if he saw the man at 
all, he would see him by his outline alone. For 
people in general, however, for the remaining 
97 or 98 per cent., colour sense is like the sense 
of hearing, that is to say, it admits of almost 
indefinite cultivation. As with hearing, some 
may possess special aptitudes in this direction, 
but the sense can be improved to a great extent 
even in those who do not. You may havea 
piece of material which an average private 
soldier would be likely to describe as ‘‘ blue,” 
and for the colour of which he would have no 
other name. If you were to ask its colour of 
a silk mercer, he wonld not tell you that it was 
blue, but that it was sky-blue, or corn-flower- 
blue, or sapphire-blue, or indigo-blue, or violet- 
blue, or ultramarinc, and not only so, but that 
it was of a light, or dark, or intermediate, shade 
of the primary. More than that, he would 
recognise a great variety of blues for which he 
would have arbitrary names, and which he 
would tell you were ‘‘this season’s tints,” 
about none of which would he have the least 
uncertainty, or the least liability to confound 
one with another. I take bluc as an example, 
but the same thing would occur with reference 
to green or to red; and such a cultivation of 
colour sense would be of immense assistance 
in the recognition of a concealed enemy. 
It is brought about, in the case of the 
silk mercer, by the ordinary demands of his 
calling; and I believe that everyone so en- 
gaged, although some might acquire pro- 
ficiency sooner and in a higher degree than 
others, would obtain proficiency of a greater 
degree than that which attends upcn ordinary 
vision. In what I have described as the natural 
education of the sight, due to the conditions of 
country life, cultivation of the colour sense 
holds a very conspicuous place. 

In considering the sight of the natives of 
this country, however, and in attempting to 
compare it with that of the natives of other 
climates, we must remember that many of the 
latter possess the advantage of a much clearer 


atmosphere. The conditions of life among 
ourselves are such as to produce, in adddition 
to the cosmic dust which is universal, a 
very large amount of what may be called 
artificial dust of various kiuds, and this 
artificial dust often constitutes a serious ob- 
stacle to distant vision. We see objects by 
means of the undulations of light which pro- 
ceed from them; and, by the intervention of 
dust particles, these undulations are in a 
greater or less proportion intercepted or 
turned aside. Every one who has seen 
an exhibition of lantern slides, in this room 
or elsewhere, knows that innumerable par- 
ticles of atmospheric dust are distinctly 
visible in the track of the beam; and 
these particles are only rendered visible by 
the light which they reflect, and which 1s there- 
fore diverted or turned away from the direction 
in which it was proceeding before it impinged 
uponthem. Out of doors, in our moist climate, 
dust particles exert a powerful attraction upon 
watery vapour, and each particle is apt to 
become the centre or nucleus of a minute water 
drop, the action of which upon light is still 
more powerful than that of the central particle 
itself. The greater the distance of any object, 
and, consequently, the greater the number of 
reflecting or intercepting particles in the inter- 
vening air, the smaller will be the proportion 
of the light proceeding from that object which 
will reach the eye; until it may easily happen 
that so much is intercepted that the remainder 
is not enough to form a distinct image upon 
the retina. I often have occasion to descend 
the steps which lead from the Duke of York’s 
column into St. James’s-park ; and, from the ’ 
top of those steps the face of the clock at the 
Houses of Parliament is a conspicuous, mode- 
rately distant object. On a clear day, not 
only the time, but the figures on the dial, 
and even the divisions into minutes, 
can be seen with perfect distinctness. A 
slight collection of water bearing dust parti- 
cles may suffice, as I have often observed, 
to render even the dial invisible ; and that in 
weather which would not ordinarily be 
described as foggy. The natural result is 
that in these latitudes our proper range of 
vision is very frequently curtailed. Say that 
we look out over an expanse of country in 
which the towers of two churches, or two other 
conspicuous objects, should both be visible, the 
nearer perhaps three miles away, and the more 
distant six. The three miles of intervening air 
may allow sufficient light to pass for the 
formation of a definite retinal image of the 
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nearer tower, while the additional dust of the 


second three miles may intercept so much as. 


to prevent the formation of an image of the 
distant tower. Assuming the towers to be of 
equal magnitude, the image of the more 
distant would be only half the size of the 
image of the nearer, and the eye and the 
consciousness, if this small image were well 
formed, would have the exercise of function 
involved in seeing it, and in recognising its 
nature. In England, speaking generally, the 
tower six miles off would only be visible on 
what we should describe as a clear day, and 
hence it is only on a clear day that we obtain 
from Nature the power of studying the appear- 
ances of small retinal images, and the 
opportunity of learning to recognise their 
nature. In other countries very different con- 
ditions obtain. In Switzerland, as many of us 
have had opportunities of observing, the clear- 
ness of the atmosphere in fine weather, that is to 
say, the comparative absence of dust particles, 
immensely increases the range of vision ; inso- 
much that many tourists, especially on a first 
visit, erroneously interpret clearness as indicat- 
ing proximity, and are woefully deceived by the 
apparent nearness of some point on the other 
side of a valley, which they set out to reach by 
what they intend for a moderate walk, and 
which they find to be many miles from their 
starting point. An almost equal degree of 
clearness is sometimes seen in this country 
shortly before rain; a fact which, in many 
localities, is expressed by some local saying. 
Thus, on the north coast of Devonshire, 
Lundy Island is the accepted guide to weather 
changes, and the local distich is— 
“ Lundy clear,” 
“Rain is near.” 

I must leave it to better physicists than myself 
to explain the connection between the pheno- 
mena, but I presume that a low barometer 
indicates conditions which promote the gravi- 
tation of dust towards the earth’s surface, and 
thus remove it from the line of accustomed 
vision. The ordinary abundance of dust in 
our atmosphere must probably be ascribed to 
the conditions under which we live, to the 
presence of a large population upon a 
comparatively small area, with a corres- 
ponding number of fires both for domestic 
and manufacturing purposes, and to the 
attrition of various forms of matter in the 
course of locomotion, of tillage, and of 
many descriptions of industry. Smoke is, I 
apprehend, the chief factor; and we may 
constantly see it hanging like a pall over any 


of our great cities as we approach them. 
However produced, the optical effect of dust is 
much increased by the prevailing moisture of 
our climate, which provides a film of water to 
envelop each particle, and to increase its 
power of intercepting and refiecting light. The 
general result is that we only seldom look at 
very distant objects, and so do not train our 
eyes towards recognition of their nature. 

During the course of the war which is still in 
progress, we have more than once heard from 
officers, newspaper correspondents, and others, 
that the average vision of the Boers is superior 
to that of English soldiers; and, in a super- 
ficial sense, no doubt that is the case. The 
atmosphere of many parts of South Africa is 
extremely clear, and permits an abundance of 
light to reach the retina even from very dis- 
tant objects. By this abundance of light, 
clear small images are formed, and the Boer, 
both as a hunter and as an agriculturist, 
or cattle breeder, is accustomed to use 
these small images for his guidance, and 
has therefore paid attention to them, has 
studied their peculiarities, and understands 
their meaning. An unaccustomed person 
would probably see the small image just 
as well as the Boer, but he would be both 
less skilful and less prompt in his interpretation 
of it. What to the Boer would be a man, or 
an ox, or a horse, would to the stranger at best 
be a something, the precise nature of which 
would have to be made out by further observa- 
tion. So far as this implies deficiency, I feel 
sure that it implies only a deficiency which a 
short period of attention would overcome. I 
have heard from friends who have taken 
southern gamekeepers into a Highland decr 
forest that these men were visually of very 
little use at first, but that their eyes rapidly be- 
came accustomed to their new surroundings 
and to the objects for which they were required 
to look, and that they were soon as keen- 
sighted as any of the gillies who at first took 
them in charge. I feel confident that ninety- 
nine English soldiers out of a hundred, after a 
fortnight’s exercise on the veldt, would see 
anything that the Boers themselves could see, 
and would interpret appearances as quickly. I 
do not believe that the having been deprived 
of small retinal images in early life, or 
having neglected to study their appearances, 
involves any permanent incapacity, or any 
which, at least up to the period of middle-age, 
might not be easily overcome. 

With regard to central vision, therefore, to 
vision of the object towards which the eyes are 
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definitely directed, I regard the whole question 
merely as onc of intelligent exercise ; but there 
is another sort of vision which probably falls 
under a somewhat different category—I mean 
vision of objects which lie a little away from 
the direct line of sight. I have already said 
that lateral vision in most people is of a very 
imperfect character, and that the class of nerve 
terminals called cones, which occupy the 
central part of cach retina, and receive the 
centre of the visual image, are much more 
sensitive than the lateral terminals, called rods, 
which occupy the lateral parts of the retina, 
and among which, in these lateral parts, cones 
are but thinly scattered. I have here an 
instrument called a perimeter, which is used 
for measuring the acuteness and extent of 
lateral vision. The person to be tested is so 
placed as to look steadily with one eye at this 
central point, the other eye being closed or 
covered, while a moving object is gradually 
brought round this arc, in different positions, 
until its presence is perceived, or until its 
nature can be discovered. From above, and 
from the inner side, vision is cut off by the 
brow and nose, but from the outer side and 
from below, the range of mere light perception 
is extensive. This white object is perceived 
as a luminous something, of no defined shape, 
over a great part of the arc. The green spot 
is seen as a luminous something over a some- 
what smaller range, because it is less luminous 
than the white, but its colour is not dis- 
tinguished until it comes nearly into the line 
of sight. Generally speaking, the vision of any 
object which lies out of the direct line is only 
sufficient to convey the information that there 
is something there, to which the eye must be 
turned if more knowledge concerning it is 
desired. Suppose a scout, lying under cover 
and watching the horizon, were to see the 
figure of a man rise above the skyline, and 
that, whilst he was looking at this figure a 
second should rise above the skyline to the 
right or left of the former, and not sufficiently 
near to it to fall into what I may describe as 
the limited area of direct vision, I have no 
doubt that some observers would see the second 
man as an appearance of some sort much 
more quickly than others, and that some would 
recognise the nature of the appearance without 


losing sight of the former one, while others” 


would be unable to do so. Now there may be 
two explanations of increased acuteness of 
lateral vision in the case of any individual. It 
may be due to what may be described as con- 
stant movement of the eyes, a condition in 


which, as a means of observing the whole of 
the front horison in the case supposed, they 
were made to travel constantly backwards and 
forwards over its whole extent; a condition 
differing very widely from that of the eyes 
front, or eyes right, or eyes left, of the ordinary 
position drill. It is, I think, practically certain 
that a considerable proportion of drilled men, 
on the outlook in the manner which I have 
described, would be so much taken up with 
watching the movements of the first man on the 
horizon that they would never see the second 
at all. A man trained in woodcraft, on the 
other hand, would never allow his eyes to rest 
continuously upon anything for more than the 
brief time required in order to ascertain its 
nature, and would constantly range over every 
portion of the field of vision that he desired to 
watch. By the combination of free mobility 
and quick perception it is possible for a 
single scout to maintain observation over 
a considerable extent of country. Apart alto- 
gether from this method, I have reason to 
think that lateral vision above the average 
may in some cases depend upon structure, and 
that improved structure may be an adaptation 
under evolution to conditions of living, and 
may be handed down to posterity. I have 
mentioned that the nerve terminations of the 
retina are of two kinds, the rods and the cones, 
that the cones are much more sensitive to all 
visual impressions, and especially to impres- 
sions of colour, than the rods, and that the 
whole of the central portion of the retina is 
built up of cones, while, in the lateral parts, 
cones are scattered among rods with decreas- 
ing frequency as the centre is receded from. 
Let us suppose that, in some individual, the 
cone bearing central area of the retina was 
larger than usual; and it is clear that such an 
individual would possess the accuracy of 
central vision over a larger lateral extent than 
his neighbours, and hence that he might 
embrace in one view two distant objects, so 
remote from each other that a person with a 
smaller cone area would be required to turn his 
eyes first to one and then to the other in order 
to see them distinctly. Suppose, again, 
that some individual had the lateral parts 
of his retina more liberally supplied with 
cones than is common; it is plain that 
he, too, would yain in acuteness of lateral 
vision by the departure from ordinary struc- 
ture. Such a condition, which I assume 
not to be inconceivable in man, is normal in 
the case of many birds. In them, not only are 
cones freely distributed over the lateral parts of 
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the retina, but these cones are furnished with 
colour globules, which are supposed to be sub- 
servient to a greater acuteness of colour sense 
than that of mankind, and which may well 
be conducive to the extraordinary acuteness 
both of direct and indirect vision which 
many birds give evidence of possessing. 
If you throw a handful of barley before 
poultry, and watch them as they feed, you 
will constantly see that a bird whose beak 
is busy on the ground before it, and whose 
eyes appear to be directed to the point of its 
beak, will make a sudden lateral dart to secure 
a grain lying widely to the right or left, and 
which would have been practically invisible to 
human eyes in the same relative position. 
The doctrine of evolution teaches us to believe 
that all eyes have been developed from a single 
type; andthere is nothing impossible in the 
suggestion that, just as a different cone 
formation has been brought about in birds, 
so a similar development might be brought 
about in man by adaptation to par- 
ticular circumstances. If there be any un- 
civilised men whose visual powers surpass 
those of Europeans, I am inclined to think 
that the explanation of their advantage would 
be found to reside in a greater ‘and more 
evenly distributed cone development. How- 
ever, this may be, it is indisputable that the 
acuteness of vision of the lateral parts of the 
retina may be improved by cultivation. Of 
this, we have two kinds of proof. In the first 
place, the exact centre of the retina is of a 
yellowish tinge, which tends to obscure the 
image of a faint point of yellow light, such as 
that of a very distant and scarcely visible star. 
Such a star is better seen if its image be 
suffered to fall just away from the centre of the 
retina; and lateral vision, to this extent, is 
cultivated by astronomers. Again, in cases of 
disease limited to the central portion of the 
retina, and producing central blindness over a 
corresponding area, we sometimes see a 
decided improvement in the power of lateral 
vision, brought about by effort under the 
stimulus of necessity. 

To sum up, I should describe the human eye 
as an organ of which the actual capacities 
for vision are only limited by the diameter 
of the hexagons of which its retinal surface 
is composed, but which, in the circumstances 
of civilised life, is seldom cultivated to the 
full measure of its powers, and then, asa rule, 
rather by some accident of occupation or 
surroundings than in consequence of design. 
Certain occupations afford small images, and 


tend to produce acuteness of form vision ; 
others require attention to be paid to minute 
differences of tint, and tend to produce acute- 
ness of colour vision; some, pehaps, promote 
rapidity of visual perception; few, if any, 
cultivate all three. Moreover, vision is a 
matter which we only know by personal 
experience ; with the result that these who sec 
imperfectly know no better, and are seldom 
stirred to emulation by comparison with the 
powers of their neighbours. Parents seldom 
inquire as to the sight of their children, but 
take it for granted that they see as well as 
other people. Persons who see very badly 
constantly pick up the names of appearances 
from conversation, and use these names as if 
they saw the appearances themselves; thus 
the colour-blind will discourse fluently of the 
greenness of grass or of the redness of roses, 
and will convey the impression that they can 
distinguish one of these colours from the 
other. 

Notwithstanding the gencral ignorance of or 
indifference to the subject, I have long regarded 
the systemative training of vision as an import- 
ant branch of physical education, and I am not 
without hope that the evidence recently obtained 
in South Africa, in favour of the belief that the 
Boers, under many conditions, have displayed 
better vision than our own people, may lead to 
some increase of attention to the subject. The 
frequent haziness of our atmosphere is no 
impediment to training, because a distance of 
twenty feet is sufficient for the purpose, and 
may be made to afford images down to the 
limit of visibility. Ata distance of twenty feet, 
no effort to see will be hurtful; for, as no 
effort of optical adjustment will at that distance 
increase the clearness of the images, the only 
effort possible will be one of attention to the 
impression thatis made upon the consciousness 
For systematic, or even for competitive exer- 
cises, all that would be necessary would be 
charts of letters, or of figures like some of 
these, first in black cn white, or in white on 
black, and then in other colours and on other 
grounds, especially, asimprovement was gained, 
in pale tints, both of colour and of ground. 
For exercises inrapidity of perception, the figures 
selected should be made to pass with greater or 
less rapidity over the field of vision; and train- 
ing in lateral sight, which could only be com- 
menced with the knowledge and co-operation 
of the person concerned, might soon be tested 
during other exercises by the unexpected dis- 
closure of lateral objects. There are very few 


schools in which athletic sports.are not prac- 
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tised, sports leading to annual competitions, 
and to prizes for excellence. Why should not 
prizes be given for exeellence of vision which, 
just as much as excellence in running or 
jumping, would ordinarily be the consequence 
of good natural powers, assiduously cultivated. 
It would be ten times more uscful to the 
average man, as a rule, to ste well than to run 
well. Why should not a boy who could count 
dots ten or twenty feet farther away than 
others be as much a hero among his school- 
fellows as one who could jump further or 
higher than others ? If young Smith came 
back from school declaring that he could not 
_ See as well as Jones minor, or if his report at 
the term’s end included a statement that his 
vision was above, or perhaps below, the 
standard, attention would be paid to his 
excellence or to his shortcoming, and his 
vocation in life might be influenced in a 
manner advantageous to him. The immce- 
diate effect of competition in secing would 
be to call the attention of parents to facts 
which they now commonly ignore, sometimes 
with disastrous consequences. Everything 
which I have said about physical contests at 
school would apply equally to the similar con- 
tests of adults; and, as I have before urged, 
nothing could be more appropriate to the 
functions of a volunteer regiment, or of an 
athletic club, than to cultivate excellence of 
vision among its members. There is, I think, 
only one direction in which such ‘cultivation, 
pursued in our climate, would necessarily be 
incomplete. It would leave the learners un- 
able, as they are unable now, to judge 
correctly of distance when removed to a 
clearer atmosphere; but any errors hence 
arising would be speedily corrected by ex- 
perience of the changed conditions. For 
everything else it would be easy, whether 
for soldiers, or for volunteers, or for the 
general population, to take opportunities of 
improving in the open the results of early 
visual cultivation. Let it once be made an 
object of ambition among children, or among 
men, to see the smallest distant object, to 
observe the faintest difference of colour, and 
to notice lateral objects as well as those in 
front of them, and hundreds of opportunities of 
doing all these things will be found when they 
are sought for. I do not speak without ex- 
perience when I say that the necessary exer- 
cises, and the results likely to be obtained 
from them, would add quite appreciably to the 
many pleasures which are provided for us by 
Nature. 


DISCUSSION. 


The CHAIRMAN, in inviting discussion, said 
his only connection with the subject arose from 
his father, who was an anatomist, having made 
investigations on the eye. As a boy he remem- 
bered being employed to freeze bullocks’ and cows’ 
eyes, so that sections might be made of them for 
examination. 


Mr. J. CADETT thought the reader of the paper had 
not touched very much upon the optical side of the 
question. In training children for competitive sight 
testing, one must be quite sure first that the optical 
apparatus was in the normal condition. He had been 
surprised to find how comparatively few eyes there 
were in a normal condition. Taking the majority of 
children, a considerable amount of astigmatism was 
present, a little myopia, and more rarely hyper- 
metropia. He did not quite understand in what way 
distant vision was to be tested at its best. Most 
oculists said that at a distance of twenty feet the 
muscles of relaxation were in a fully relaxed con- 
dition. He could not confirm that assertion from 
his own experience. He had noticed in testing 
astigmatism that if white lines upon a black ground 
were used the’testing was infinitely more perfect than 
if the usual black lines upon a white ground were 
used. By this means any defect of vision was seen 
as a faint shade of light on either side, while in the 
other method those minute differences were not seen 
at all. It was only where there were very consider- 
able differences that they could be observed. He 
recommended oculists to test astigmatism in the way 
he had described. Taking it altogether, sight testing 
was at present carried out in an extremely crude 
fashion; very clumsy lenses were used compared 
with photographic lenses. If the science was 
caried a little higher it might be possible to correct 
many eyes not for two meridians, but possibly 
three and even four. 


Mr. J. S. DYASON said that partly through his 
suggestion the subject of colour had been introduced 
into the curriculum of the Board schools of the 
North of England, and he was astonished that it had 
not been adopted by educational bodies throughout 
the kingdom. He had been particularly struck with 
the common neglect of noticing the colours of sunsets 
and sunrises in forecasting the weather, as it was 
admitted that the chromatics of the skies could be 
used as aids in that direction. The study of the 
faculty of colour was as important as the training of 
the muscle or of the ear. 


Lieut.-Col. ALLAN CUNNINGHAM, in dealing with 
Mr. Carter’s statement that the climate of England 
was dust-laden and water-bearing, said the fact that 
it was quite a common thing in the dry parts of 
Northern India for the air to be so laden with the 
dust all day that nothing was distinctly visible a 
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quarter of a mile away, probably accounted for the 
inhabitants not being able to exercise distant vision 
during the hot weather. For a considerable period in 
the arctic regions there was sunshine all day and all 
night, followed after a time by continuous darkness. 
Was anything known with regard to the acuteness of 
vision of the natives of those regions for long dis- 
tances compared with those who lived in temperate 
climates ? Habits of life affected the powers of 
distant vision. Sailors could see land or a lighthouse 
quite 20 minutes before a landsman, a great considera- 
tion when ships were travelling at 20 miles an hour. 
Applying the same principle to military life a soldier 
possessing such vision would have a better chance of 
‘: potting ” his opponent. The pupils of his own eyes 
were smaller than usual, and he found he could not 
see so far at night as other people with normal pupils. 
He had almost had to be led along at night by others 
who could see better than himself. In India there 
was a disease which went by the name of “night 
blindness,” the effect of which was inability to see far 
at night. Among the natives it was believed tò be 
produced by poor feeding, and it was improved by 
adopting for a short time a meat diet. 


- 


Mr. J. W. SWAN, F.R.S., entirely agreed that it 
was desirable to cultivate sight. It was unquestion- 
able that sight could be very materially improved 
by cultivation. The influence of imagination as an 
assistance to the recognition of objects seen deserved 
consideration. An object was recognised not alone by 
the image impressed on the retina, but from that in 
combination with the mental inferences based upon 
the optical impression. In looking at an object in- 
distinctly seen, one very frequently drew wrong 
inferences as to what the object was; and the 
influence of training in arriving at a correct decision 
in such a case was very great indeed. There was one 
very consolatory fact in connection with the function 
performed by the imagination in seeing, viz., that 
a wrong impression could never be entertained after a 
true impression had once been gained. He remembered, 
with two friends, looking through a telescope at an 
object two or three miles away, but they could not 
agree as to what the object was. The puzzle was a 
mark on the pane of the window ofa cottage. Eventu- 
ally one of his friends said, ‘‘I see what it is; we are 
looking through the house, through a window on 
the other side of the house, and can see a streak of 
sun-light on the roof of a cottage seen through the 
house.” Each in succession viewed the object 
through the telescope, but could never recur to the 
false impression when once the nature of the object 
was truly realised. 


| Mr. A. F. RAVENSHEAR said Mr. Carter had re- 
ferred to the different character of the vision in which 
the central part of the retina was concerned, and 
that in which the peripheral part was concerned, 


and mentioned that the probable difference was that 
the outer part of the retina gave only a vague im- 
pression of something being present. Was it not 
possible that small, rapid movements were more easily 
recognised when the image fell upon the peripheral than 
upon the central part? It had struck him that 
that was the reason why in such exercises of skill 
as boxing and single-sticks, the professors always 
insisted that the combatant should keep his eyes 
firmly fixed upon those of his antagonist. It was 
commonly thought that the eye movements of the 
antagonist gave indications in advance of what he 
was going to do, but it occurred to him a more 
correct explanation was that when the eyes were 
fixed in that manner the movements, either of the 
point of the opposing single-stick or glove, could be 
more quickly apprehended than when an attempt was 
made to follow them directly. 


Sir HENRY TRUEMAN Woop wished to ask Mr. 
Brudenell Carter whether he would not agree that 
what was really required was not the training of 
vision, but the education of the faculty of observa- 
tion. It appeared to him also that such training 
could hardly be effective unless it was directed to 
special objects. The sailor could rapidly recognise 
objects at sea, the sportsman, the gamekeeper, or the 
naturalist, objects associated with their own special 
pursuits. The same applied even to mechanical in- 
dustries—workmen who were employed in examining 
manufactured products acquired a remarkable facility 
of noticing minute defects, which were quite invisible 
to the unskilled eye. He would also ask whether 
there was any actual reason for accepting the very 
probable suggestion that, other things being equal, 
the keenness of an individual’s sight depended on the 
minuteness of his retinal hexagons. 


Mr. J. W. SUTTON thought that if town people 
exercised their distant vision more it would be to 
their benefit. Those who worked for a number of 
hours a day with their work about 18 inches from the 
eye should not in the evening read a book but exer- 
cise their sight in the open. Taking a class of chil- 
dren looking at a blackboard, might not their failure 
to apprehend what they saw arise not from slowness 
of perception, but inability to see ? It was quite pro- 
bable that nearness of vision which would not other- 
wise exist was caused by the sight of children being 
affected from straining to apprehend what was on 
the board. 


Mr. H. S. FREEMAN asked what was considered 
a standard of normal sight. 


Mr. W. J. GREEN enquired if there was any 
practical way of judging distances. 
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Mr. BRUDENELL CARTER, in reply to Mr. Freeman, 
explained that various sized letters should be seen at 
different distances. He had excluded the considera- 
tion of the interesting questions raised by Mr. 
Cadett from his paper. It was quite possible that 
the majority of people had some defect of pro- 
portion of the eye when dealing with exceedingly 
fine measurements. He did not think any advan- 
tage would be gained by very fine corrections, 
because Nature did not supply them; in fact, the 
best eye was a very imperfect optical instrument. 
Confining the eyes in darkness had the effect of 
rendering them morbidly sensitive to light when they 
first returned to it, but it did not exercise any per- 
manent effect upon them. The late Dr. George 
Harley suffered from a disease of the eyes caused 
through excessive microscopic work, which he cured 
by keeping himself for months in absolute darkness, 
the eyes being completely covered, and for the 
remainder of his life his vision was exceedingly acute. 
Very small pupils would necessarily imply a defect of 
sight vision, because their function was to vary in 
their diameter in accordance with the amount of 
light falling on the eye. If the pupil was very small, 
the eye did not receive light enough for functional 
activity. Night blindness was often the result of a 
disease, and was merely the expression of the fact 
that the weakened retina did not respond to a feeble 
stimulation, and as soon as the stimulation sank the 
vision was practically lost. The explanation of the 
fact mentioned by Mr. Ravenshear was, that in 
the central portion of the eye, where the sensi- 
tiveness was most acute, there was a certain 
duration of the visual impression. In whirling a 
lighted stick round quickly the appearance of a ring 
of fire was obtained, because the impression was 
retained upon the retina for a longer period than the 
period of time during which it actually existed. Sir 
Henry Trueman Wood had raised a question more of 
` words than of facts. He (Mr. Carter) included in his 
conception of vision the mental act as well as the visual 
act. If the mental act was excluded, one would have to 
say that the photographer’s camera saw. He did not 
know that there was any evidence as to the effect of 
the size of the hexagons upon acuteness of vision, but 
if individuals, or a race of individuals, possessed the 
power of seeing at a smaller visional angle than others 
it must be due to the size of the hexagon. There were 
certain people who had unnaturally small eyes and it 
was possible their nerve fibres might be small in pro- 
portion to their outward organ, but they certainly had 
not any greater acuteness of vision. In speaking of 
vision, Sir Henry Wood appeared to exclude the 
idea of mental conception and confined it to the 
action of the eye. Very little could be done in 
training the eye, but a great deal could be done in 
training the mind to rapid conception. The sailor 
not only knew what to look for, but in the case of 
the lighthouse, where to look for it. There was one 
thing in which there was an apparent, but not a real 
greater acuteness of vision. People who said 


they could see a flagstaff fifteen or twenty 
miles away, did not see it in his sense. Such 
people could not tell whether the object was a 
suspended rope or telegraph wire, nor, still less, could 
they see whether there were two flag staffs separated 
from each other by a short interval. He did not call 
that seeing, but perception. By seeing he meant 
such a degree of perception as to allow of a definite 
recognition of the shape of the object. 


On the motion of the CHAIRMAN, a hearty vote of 
thanks was accorded to the reader of the paper. 


PASTURES OF NEW SOUTH WALES. 


The Australian pastoral country, that which supplies 
such large and increasing quantities of wool and meat 
for the world’s markets, is of enormous extent, 
embracing an area of many million acres, situated 
principally in the interior and northern districts. In 
New South Wales the country is generally known as 
the ‘‘ Western Plains,” and, with the exception of 
the Broken Hill silver-mining district, situated near 
the boundary of South Australia, and the White 
Cliffs opal-mining fields, is given up to the depasturing 
of stock, principally sheep, the general character of 
the land militating against the successful rearing of 
cattle. It has been assumed that these western 
plains formed, at a comparatively recent period, the 
bed of an ocean, and there are many characteristics 
which give weight to the supposition. The under- 
lying rock is granite, which, in many places, has 
uplifted the thick sedimentary deposits several 
thousands of feet above the original levels, the 
mountains and hills thus formed weathering into the 
existing clays, sands, and intermediate soils of the 
surrounding country. These hills and higher levels 
have regulated the channels of the rivers, which have 
deposited an alluvium of varied thickness and fertility 
over extensive areas for many miles surrounding the 
position of the streams. The rainfall varies con- 
siderably, being extremely slight in some places, 
while frosts are frequent during the winter months. 
The chief characteristic of the climate, however, is 
its general dryness. It is here that the adaptability 
of vegetation to surrounding circumstances receives a 
striking illustration. According to Mr. Peacock, of 
the New South Wales Agricultural Department, if 
it were not for this adaptability of plants, large areas 
of the western country would be a hungry, untravers- 
able desert. The modifications of this principle are 
found in the vertical leaves and sparse foliage of the 
eucalypts, the persistency of the older bark upon the 
trunks and branches, the thickening of the cuticles of 
the leaves, and many other modes varying with the 
variety. The tuberous roots of the Kurrajong are 
capable of storing large supplies of moisture to aid it 
over dry periods. The spiny habit of many of the 
shrubs and bushes enables them to exist, which 
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would be impossible otherwise. The hairy cover- 
ing of some varieties also increases their drought 
resistance. The inturned edges of many of the 
grasses enable them to successfully defy a moder- 
ately- lengthy drought. The tuberous, non-con- 
ducting coating of the roots also enables them to 
thrive in a severely heated surface soil, and ensures 
their escape from bush fires, which would otherwise 
destroy them. Where water is procurable, by con- 
servation, well sinking, or otherwise, the fertility of 
the soil in many places is remarkable. Nothing but 
a fair supply of moisture is required to transform a 
considerable portion of the pastoral country into an 
agricultural paradise, and with the progress of the 
system of obtaining water from subterranean sources, 
the wheat growing area of the State will become 
considerably extended. For pastoral purposes, the 
country is all that could be desired, with the excep- 
tion of its liability to periods of drought, more or less 
prolonged. The growth of the pastoral industry in 
the State has been remarkable. When Captain 
Philip landed in Sydney Harbour he brought with 
him 29 sheep. In 1792 the number had increased to 
105, and in 1800 to 6,124. In 1825 the number of 
sheep was 237,622 ; in 1842, 4,804,946; and in 1850, 
13,059,324. The severance, in 1851, of Victoria, 
then the fairest province of the mother State, involved 
a loss of 6,589,923 sheep, so that at the close of 1851 
the flocks of New South Wales were reduced to 
7,396,895 sheep. After the separation of Queensland, 
at the close of 1859, the numbers of each kind of 
live stock within the existing boundaries of the 
colony included 6,119,163 sheep. In the following 
year the number showed a considerable decline, both 
on account of the effects of the season, and of the 
large demand which arose for stock for the stations 
of the new State; and in 1861 there were in New 
South Wales only 5,615,054 sheep, In 1891 the 
number of sheep has risen to 61,831,416, but since 
then it had diminished to 36,213,514 in 1899, a 
result partly of adverse climatic conditions, and 
partly of the increased development of the mixed 
farming system—many pastoralists placing suitable 
portions of their land under wheat cultivation, which 
is making great strides in the State. At the same 
time, the character of the wool and mutton produced 
has become considerably improved, quality, rather 
than quantity, being the chief objects aimed at, a 
change which promises well for the future of the 
industry. 


THE MANUFACTURE OF COCOANUT 
BUTTER IN GERMANY. 

The manufacture of cocoanut butter is an industry 
of some importance in the City of Mannheim. The 
Mannheim factory is said to be the only one of any 
considerable size in Germany; it has an output of 
about 10 tons of butter a day. The product is sold 
under the name of “ Palmin’’—a registered trade 


name—or cocoanut butter (“Kokosnuss butter”). It 
is manufactured from the kernels of cocoanuts, and is 
used as a substitute for butter and lard in cooking. 
Consul Harris of Mannheim, says, that as sold it is 
generally white in colour, almost tasteless, melts at 
about 80° Fahr., and is of about the consistency of 
mutton or beef tallow. When desired by retail 
customers who are bakers, confectioners, &c., the 
product is coloured, which resemble ordinary butter. 
When furnished to dealers it is unlawful to colour 
it. The proprietors of the factory at Mannheim, 
referred to above, claim that an analysis of their pro- 
duct shows it to contain more than go per cent. of 
vegetable fat, with but a slight trace of water, while 
ordinary butter contains about 85 per cent. of fat 
and nearly 15 per cent. of water. It is stated that 
the substance does not become rancid easily, that 
it will keep for three or four months in a coo 
room, and that it is much more wholesome and easily 
digested than the ordinary fats used for baking and 
cooking. For this reason the product has met with 
considerable favour in German hospitals and other 
institutions, and for use in army camps. Cocoanut 
butter is generally put up in square packages, wrapped 
in parchment paper, a small percentage being sold in 
tin cans. The latter are hermetically sealed for ship- 
ment during hot weather. The product is sold at 
one price throughout Germany, namely, about eight- 
pence per pound, or about half the price of ordinary 
butter. The kernel of the cocoanut is imported in 
thoroughly dried strips, forming the ‘“‘copra”’ of 
commerce. It is subjected to various refining pro- 
cesses, by which all the free acids and other substances 
are separated, leaving only the vegetable fat. In the 
latter stages of the manufacture the product resembles 
ordinary butter recently churned. It is placed in 
machines similar to the separators used in creameries, 
in which the water and other foreign substances are 
separated by centrifugal force. In the manufacture 
of cocoanut butter a by-product, consisting of free 
acids and other substances, is obtained, and sold to 
soap manufacturers. 


ARTIFICIAL ICE PRODUCTION IN 
UNITED STATES, 


Mr. A. Getty, of H.M. Consulate at Chicago, says 
that there are two methods in general use in that city 
for the production of artificial ice, namely, the ‘can 
system ” and the ‘‘ plate system.” In the can system 
the ammonia coils are placed in a tank filled with 
brine. The ice cans, which are made of galvanised 
iron, are supplied with distilled water, and placed in 
the brine between the coil pipes, the temperature of 
the brine being about 15° Fahr. Steam power is em- 
ployed in this case. The size of the cans varies from 
50 to 300 lbs. The length of time allowed for freezing 
will depend on the quantity of water to be frozen, 
10-inch ice taking from 38 to 45 hours with the brine 
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at 15° Fahr., 11-inch ice about 45 to 5o hours. It is 
generally estimated that 250 feet of 2-inch pipe, or 
350 feet of 14-inch pipe, are required for every ton of 
ice per 24 hours, according to the temperature of the 
brine and the capacity of the machine. The 
cans containing the ice are removed from the 
tank by a crane, the ice thawed loose by being 
dipped into a hot-water tank, hoisted up again, 
and overturned upon a tilting cable, where the blocks 
of ice slide out into the storage-room. In making ice 
after the plate system, it is not necessary to distil or 
boil the water, for the reason that the water is made 
to circulate around the plates by means of an air- 
pump, and forms by degrees on both sides of the 
plate to the thickness of from 10 to 13 inches, the 
air being drawn out as it freezes. The plates vary in 
size according to the amount of freezing to be done. 
The usual sizes are 10 by 14 feet in area. The time 
for freezing, to make ice 12 to 14 inches thick, is said 
to be from 9 to 14 days, the cakes weighing several 
tons. In the harvesting of ice on the plate principle, 
the ice is loosened from the metal by the application 
of hot gas, which enters the plate coils. The cake is 
then divided, and grooves cut by circular saws or 
hand-ploughs, and split up into marketable sizes. 


Obituary. 
—___@—_— 


Sır COURTENAY EDMUND BOYLE, K.C.B.—Sir 
Courtenay Boyle, who had been a member of the 
Society since 1891, died suddenly on Sunday, 19th 
inst., from heart failure. The son of the late Captain 
Cavendish Spencer Boyle, he was born in Jamaica, 
on October 21st, 1845. He was educated at the 
Charterhouse, and at Christ Church, Oxford, and 
entered public life in 1868, when he became private 
secretary to Earl Spencer, then Lord-Lieutenant of 
Ireland. When his chief went out of office in 1874, 
he was appointed an Inspector of the Local Govern- 
ment Board, but when Lord Spencer returned to 
Ireland as Viceroy, in 1882, Mr. Boyle returned 
with him as private secretary. In 1885, he became 
Assistant-Secretary to the Local Government Board, 
but in the following year he was transferred to the 
Assistant-Secretaryship of the Board of Trade (Rail- 
way Department). On the retirement, in 1895, of 
the late Sir Henry George Calcraft, Permanent 
Secretary of the Board, Sir Courtenay Boyle (who 
had been made K.C.B. in 1892) was appointed his 
successor. Sir Courtenay Boyle was a Vice-President 
of the Society of Arts from 1894 to 1897, and in the 
present year he acted as Examiner in Handwriting 
and Correspondence, in the Society’s new Pre- 
liminary Commercial Examinations. His popular 
work entitled, ‘Hints on the Conduct of Business, 
Public and Private,” was published in 1900. 


ARTHUR CATES, F.R.I.B.A.—Mr. Cates, the well- 
known architect, died at his residence, 12, York-terrace, 
Regent’s- park, on Wednesday, 15th inst. He was 
born April 29th, 1829, and was educated at King’s 
College School, London. In 1846, he became a 
pupil of Sydney Smirke, R.A., and he was after- 
wards confidential assistant to Sir James Penne- 
thorne. As an architect he acted for the Inner 
Temple and other public bodies, and from 1870 till 
his retirement from practice in 1898, he was architec- 
tural adviser to the Commissioners of Woods and 
Forests for the Crown Estates in London. He was 
for many years a member of Council, and for four 
years Vice-President of the Royal Institute of British 
Architects, also Secretary to the Society of British 
Archeology, and the Architectural Publication 
Society. Mr. Cates was elected a member of the 
Society of Arts in 1882. 


MEETINGS FOR THE ENSUING WEEK. 


Tuespay, May 28...Royal Institution, Albemarle-street, W., 
3 p.m. (Tyndall Lectures.) Professor W. Knight, 


“The Philosophical Undertones of Modern 
Poetry.” (Lecture I.) 

Medical and Chirurgical, 20, Hanever-square, W. 
8} p.m. 


Photographic, 66, Russell-square, W.C., 8 p.m. 
Mr. E. H. Farmer, (i.) “ Practical Tricolour 
Photography ;”’ (ii) “The Optics of Tricolour 
Photography.” 


Anthropological, 3, Hanover-square, W., 83 p.m. 1. 
Mr. J. Gray, ‘‘ Measurements of Crania from the 
Fly River.” 2. Mr. C. G. Scligmann, “ Anthropo- 
metrical and Craniological Notes on the Eastern 
Papuans.”’ 3. Prof. A. C. Haddon, ‘‘ Remarks on 
the present state of our knowledge of the Ethnology 
of British New Guinea.” 


Wenpnespay, May 29...British Astronomical, Sion College, 
Victoria-embankment, E.C., 5 p.m. 


Tuurspay, May 30...Royal Institution, Albemarle-street, 
W.,3 p.m. Professor Dewar, “The Chemistry of 
Carbon.” (Lecture I.) 

Electrica) Engineers (at the House or THE SOCIETY 
oF Arts),8 p.m. Annual Meeting. 

Camera Club, Charing-cross-road, W.C., 8} p.m. 

‘Mr. T. Charters White, “ Crystallography in 
Colours.” 


Fripay, May 31...Royal Institution, Albemarle-street, W., 
8 p.m. Weekly Mecting. 9 p.m. Mr. A. H. 
Savage Landor, “ With the Allies in China.” 


Physical, Chemical Society's Rooms, Burlington- 
house, W., 5 p.m. 1. Professor Fleming and Mr. 
A. W. Ashton, “A Model which imitates the 
behaviour of Dielectrics.” 2. Mr. Ashton (i.) “ The 
Resistance of Dielectrics and the Effect of an 
Alternating Electromotive Force on the Insulating 
Properties of India-rubber;’’ (ii.) ‘‘ Note on the 
Electrification of Dielectrics by Mechanical 
Means.” 


SATURDAY, JuxNeg 1...Royal Institution, Albemarle-street, 
W., 3pm. Prof. J. B. Farmer, ‘‘ The Biological 
Character of Epiphytic Plants.” (Lecture I.) 
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SNE e a a M a Á e a 


All communications for the Society skould be addressed to 
the Secretary, Fohn-street, Adelphi, London, W.C. 


Notices. 
O 


ALBERT MEDAL. 


The Council at their last meeting on the 20th 
awarded the Medal for the present year 


“ To His Majesty King Edward VII. in recog- 
nition of the aid rendered by His Majesty 
to Arts, Manufactures, and Commerce 
during thirty-eight years’ Presidency of 
the Society of Arts, by undertaking the 
direction of important Exhibitions in this 
country and the executive control of British 
representation at International Exhibitions 
abroad, and also by many other services 
to the cause of British Industry.” 


The King has graciously accepted the 
award, and the following letter has been 
received from Sir Francis Knollys, K.C.B., 
K.C.M.G. :--- 


MARLROROUGH HOUSE, 
PALL MALI, S.W. 


23 May, taor. 


DEAR SIR HENRY Woop, 

I have had the honour of submitting 
your communication to the King, and I am 
commanded to inform you in reply that he 
accepts with great pleasure the proposal of 
the Council to present him with the Albert 
Medal. 

His Majesty highly appreciates the great 
compliment which has thus been paid to him, 
and this feeling is enhanced by the kind terms 
in which the Council allude to his services in 
connection with the International Exhibitions 
which have been held in this country and 
abroad. 

I remain, 
Yours very truly, 
(Signed) FRANCIS KNOLLYs. 


Sır HENRY T. Woop, 
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Proceedings of the Society. 
—_——__ 


COLONTAL SECTION. 
Thursday afternoon, April 30th, 1901; GEN. 
SiR HENRY WYLIE NORMAN, G.C.B., 
G.C.M.G., C.1.E., in the chair, 


The paper read was— 


THE BRITISH WEST INDIES. 


By Sir NEVILLE LUBBOCK, K.C.M.G. 


So much has been written about these old 
and historically interesting colonies during the 
last few years, that it will hardly be expected 
that I can to-day bring forward any new matter 
in regard to them. 

To many persons the West Indies are looked 
upon as synonymous with Jamaica. Jamaica 
is indeed the largest of the islands which, with 
British Guiana, constitute our West Indian 
possessions, and it has far the largest popula- 
tion of any of those colonies, but its imports 
and exports are only about on a par with those 
of British Guiana and Trinidad, while its area 
is immensely less than that of British Guiana. 
| believe that few people recognise that the 
distance from Kingston in Jamaica to George- 
town in British Guiana is nearly 1,400 miles, or 
about the distance from Southampton to the 
Azores. The following distances may be of 
interest—taking Barbados (which is in a sense 
the Clapham Junction of the West Indies) as a 
starting point :— 

From Barbados to Georgetown, British Guiana, 

389 miles; 

From Barbados to Port of Spain, Trinidad, 

210 miles; 

From Barbados to Castries, St. Lucia, 108 
miles ; 

From Bardados to St. Vincent, 105 miles; 

From Barbados to Antigua, 330 miles. 

It will be seen from these data that the 
distances are considerable, and this fact 
constitutes one of the chief difficulties in 
the way of any scheme of federation. For 
though water-carriage has many advan- 
tages over land-carriage in the transport 
of merchandise, this is not the case where 
human beings are concerned. Inregardto the 
industries of the West Indies the enormous sea- 
board of the islands in proportion to their area 
is a distinct advantage, and when to this are 
added the facts that they possess a temperate 
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climate, probably unequalled in the tropical 
world, and an exceedingly fertile soil, large 
tracts of which are still in a virgin condition, 
we may well ask ourselves why they are not 
highly prosperous. The answer is one which 
it is most unpleasant to contemplate; it is 
this: that for 30 years the open door to British 
markets has been denied to them. We have 
allowed the equal opportunity in our home 
markets to be destroyed by foreign legislation, 
and the door to British markets to be closed 
to our own colonies by the foreigner. It is 
owing to this alone that they have failed to be 
prosperous. 

It may be well to explain how this arises, as 
the question is still but very little understood 
in this country. Whilst we in the West Indies 
are clamouring for Free Trade, nine people out 
of ten appear to think that we are asking for 
Protection in its fiscal sense. Equality of 
fiscal opportunity is what we ask, and no one 
can for a moment honestly contend that this is 
not Free Trade. 

As most, if not all, of you know, the 
soil and climate of the West Indies are 
eminently suitable to the growth of the 
sugar cane, which for more than a hundred 
years has been their staple production. Up to 
1832 sugar was produced by means of slave 
labour; since then the labour has been free. 
Up to 1847 also sugar from British colonies 
was protected in British markets. In that 
year the protective duties were abolished, and 
the British West Indies had to compete for the 
first time on terms of fiscal equality with their 
foreign competitors. Unfortunately for them 
and for humanity, the conditions of the com- 
petition were in other respects by no means 
equal, inasmuch as their competitors in Brazil 
and Cuba retained the advantage of cheap 
slave-labour. The policy of forcing the West 
Indies to compete on terms of equality with 
slave-grown products, whether wise or the 
reverse economically, was unquestionably most 
inhuman in its effects. The stimulus given to 
the slave trade in Cuba and Brazil was 
enormous, and it was not until 1868 that this 
abominable traffic was at last abandoned. 

By this time the bounties granted on the 
production and export of sugar by the Conti- 
nental Powers were already in operation and 
acting as a considerable stimulus to the pro- 
duction of beet sugar. It must be obvious to 
every intelligent person that in the case of two 
competitors whose cost of production is 
approximately the same, if one of them receives 
a large sybsidy and the other does nat, the 


competitor receiving no subsidy must eventually 
succumb. This is what has happened in the 
case of our refining industry. The British 
refiner has been nearly crushed out of existence 
by the subsidized foreigners. The West Indian 
sugar production still exists, and is still, in 
spite of all the difficulties with which it has had 
to contend, the staple industry of those colonies. 
About 75 per cent. in value of the total exports 
of the British West Indies consist of sugar and 
its allied products. Moreover, it has been fairly 
prosperous during the last three years. It is 
important that the reason for this should be 
thoroughly understood; and I wish to explain 
how it has come about. It will be seen that 
it has not been due to any action or assistance 
on the part of this country. 

Let me, however, first endeavour to make you 
realise what was the position of this industry 
from 1880 to 1896. During the whole of this 
period the Continental bounty system was in 
full force, and consequently West Indian 
sugar coming to London or any other British 
market was placed in competition with 
subsidized beet sugar coming from the Conti- 
nent, the subsidy varying in amount according 
to the country from which it came, but repre- 
senting about fifteen per cent. and upwards on 
the cost of production. Anyone conversant 
with the conditions under which industrial 
competition has to be carried on at the present 
time knows how very serious is a difference of 
even one per cent. in the cost of production, 
and such a difference as fifteen per cent. in 
any industry where this cost is nearly equal 
between opposing competitors is overwhelming. 
Fortunately for the West Indies they have 
another market, viz., the United States, but 
here again up to 1896 they had to compete 
against the subsidized beet sugar. The West 
Indian sugar was slightly better off in the 
competition in the United States markets as 
compared with those of Great Britain, 
inasmuch as the cost of freight to the United 
States was slightly less than to England. The 
result, however, of this unequal and unfair 
competition was that in 1895 the sugar 
industry of the West Indies was on its beam 
ends. Many producers found themselves 
ruined, and the rates of wages to the labourers 
were so low that any further reduction was 
impossible, and the labouring population in 
some of the islands were reduced to a state 
bordering on starvation. The condition of the 
West Indies had in fact become so serious that 
Mr. Chambcrlain, the Secretary of State for” 
the Colonies, took alarm, and represented to 
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her Majesty’s Government that he was “ not 
prepared to accept the responsibility of allowing 
matters to take their course.” A Royal Com- 
mission was thereupon appointed, which in due 
time made its Report. This Report clearly 
showed that the distressing state of affairs had 
arisen from the unprofitable condition of the 
sugar industry, and that the most effective 
remedy would be the restoration of this industry. 

Closely following upon this Report, however, 
in 1897 a new factor came into operation which 
materially altered the state of affairs. The 
United States in this year imposed counter- 
vailing duties on bounty-fed beet sugar, and 
thus West Indian cane sugar was placed on 
equal terms with beet sugar in the markets of 
the United States. These duties only became 
practically effective at the commencement of 
1898, and since that time the sugar industry 
ofthe West Indies has done fairly well in spite 
of hurricanes and one exceptionally poor crop. 
Unfortunately, however, the effect of these 
countervailing duties is likely to be very 
ephemeral unless this country adopts a similar 
policy. It is obvious that they can only be 
effective so long as the cane sugar supply 
available for United States market is insufficient 
for their requirements. So soon, and it will be 
very soon, as the supply of cane sugar is in 
excess of their requirements the price of cane 
sugar in the United States will fall to its 
equivalent price in British markets, and hence 
the advantage of the countervailing duty will 
disappear. 

I should like here to say a few words in reply 
to a letter, which the Morning Post stated a 
few weeks back, had been received from Mr. 
Harold Cox, the Secretary of the Cobden Club, 
in which he denied that the West Indies had 
derived any advantage from these counter- 
vailing duties; and pointed out as evidence 
that the imports of beet sugar into the United 
States had been larger in 1900 than in 1899. 
It is somewhat difficult to understand what Mr. 
Harold Cox could possibly have had in his 
mind. The importation of beet sugar into the 
United States, so far from proving that the 
countervailing duties have not been effective, is 
conclusive evidence that they have been so. 
And the larger the import of beet the more 
conclusive becomes the evidence. If the cane 
sugar supply of the world available for the 
United States was in excess of the quantity 
they could consume, the price of this cane 
supply would be the price of the British markets 
as nearly as possible; since if the price of 
sugar in the United States was the smallest 


fraction above that of Great Britain all this cane 
sugar would go there, and if it cannot all find 
a market there it is obvious that competition 
between sellers will reduce the price toa mere 
fraction above that of Great Britain, the only 
other market available. 

On the other hand, when it is the case, as it 
has been during the last three years, that the 
cane supply is not sufficient for the require- 
ments of the States, they must purchase beet 
sugar; and inasmuch as they have, in con- 
sequence of the countervailing duties, to pay 
at least 25s. per ton more duty on beet than on 
cane of similar quality, they readily take cane 
sugar at the relative price of beet /us a mere 
fraction less than 25s. This is what theoretic- 
ally a merchant would see must happen. But 
we have the figures of the last three years, and 
it is a fact that during those three years the 
price of cane sugar relatively to that of beet in 
the United States has been about £1 per ton 
higher than during the previous three years. 

The explanation of the increased import of 
beet sugar into the United States last year as 
compared with that of the previous year is 
simply that the cane crops, in consequence of 
unfavourable seasons, were deficient, and 
hence the necessity of a larger importation of 
beet. The present season has been again 
normal, and the cane crops have largely 
increased, with the consequence that there is 
no immediate probability of the United States 
requiring beet sugar; and hence, at the present 
moment, the advantage of the countervailing 
duties has nearly disappeared. 

If this question of sugar bounties were a 
purely academic one, one might well feel 
amused at the courage with which Mr. Harold 
Cox exposes his ignorance of the bearing of 
facts connected with the subject ; but when we 
consider that upon the abolition of the bounties 
the welfare, and even the lives of thousands of 
our fellow-subjects in the West Indies depends, 
I for one cannot refrain from a feeling of regret 
that the secretary of a club such as the Cobden 
Club should be constantly putting forward 
statements which a very slight amount of 
enquiry among those whose long experience 
entitles their opinions to weight would have at 
once satisfied him were of an entirely fallacious 
character. 

From what I have said about the influence 
of bounties upon the sugar industry of the 
West Indies, it will be seen that the view I 
take is that during the last three years this 
industry has been shielded from their influence 
by the United States, but that the time is 
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rapidly approaching, if it has not indeed 
come, when this action will cease to be 
effective unless this country follows the course 
adopted by India and the United States in im- 
posing countervailing duties. If we do not 
take this course I am afraid we shall very soon 
have the West Indian crisis upon us again. 
We have had some experience of what this 
means, and surely it is the duty of a wise 
Government to take action beforehand, and 
not to wait until the horse is stolen before tak- 
ing steps to shut the stable door. 

A good opportunity for doing this has been 
thrown away. The determination of the 
Government to impose a duty on sugar has 
knocked on the head the main arguments 
against countervailing duties, viz.: (1) That 
any increase in price would ruin our con- 
fectioners and biscuit makers. (2) That any 
duty would seriously interfere with the handling 
and transport of sugar. 

Morcover, the effect of any duty must, first of 
all, be to exhaust the bounty, and only after 
this is exhausted does it become a tax upon the 
commodity itself, and thus in the case of the 
sugar duties the actual tax upon German 
refined sugar will be 42 19s. 4d. per ton, whilst 
similar sugar from British colonies will be 
taxed £4 3s. 4d. It is obvious that this is not 
equitable. In the same way the tax upon 
Austrian sugar will also be £2 19s. 4d., that 
upon French sugar nil, that upon Belgian or 
Dutch sugar about £2 10s., whilst the duty 
upon British colonial sugar will be £4 3s. 4d. 
per ton. This is obviously not Free Trade, but 
pure and simple protection to the foreigner at 
the expense of British colonies. 

In July last year a meeting was held of the 
Chambers of Commerce of the Empirc, at 
Fishmongers’ Hall, at which some 500 
delegates were present. At this meeting a 
resolution to the following effect was carried 
almost unanimously, viz. :— 


* That this Congress of Chambers of Commerce of 
the Empire thinks that the time has fully 
arrived for a settlement of the sugar bounty 
question, and requests her Majesty's Govern- 
ment to enter, as soon as practicable, into a 
Convention with Austria, Germany, and the 
other Powers, who have expressed their 
willingness to abolish bounties, such Convention 
to contain a Penal Clause, prohibiting the 
entry of bounty-fed sugar into the territorics 
of the contracting Powers,” 


There could not be a clearer expression of the 


representative opinion of the Empire on this 
question. 


In my opinion the wise course now for His 
Majesty’s Government to pursue would be to 
ask Parliament to give them power to impose 
countervailing duties on sugar or any other 
commodity coming from any country which 
gives bounties. They should then call a con- 
ference of the European Powers, giving such 
bounties, with a view to a convention. If the 
course I propose is adopted such a convention 
would certainly be arrived at and the actual 
imposition of any duty would be avoided. We 
know that Austria, Germany, Belgium, and 
Holland are ready to abolish their bounties 
if this country will secure for them an open 
door to British markets by countervailing 
duties. There seems reason now to believe 
that France is also willing to join in an 
arrangement to this effect. There would only 
remain Russia, and her exports to this country 
are a negligible quantity. 

Having written thus far, I learn that there is 
a good prospect of the Brussels Conference for 
the abolition of bountics meeting again very 
shortly. If this should be so, and the result 
of the Conference be the signing of a Conven- 
tion for the abolition of the bounties to which 
our Government agrees to become a party, the 
object sought will be easily attained. 

I have dwelt at some length on the sugar 
question because, as I have already pointed 
out, about 75 per cent. of the exports of the 
West Indies consists of sugar products, and 
hence the maintenance of this industry is of 
supreme importance to their welfare and 
almost to their existence, but I do not wish to 
imply that other industries should be neglected. 
The more industries we have in the West 
Indies the better. The cocoa industry in 
Grenada and Trinidad is one of considerable 
importance and is flourishing. The asphait 
industry in Trinidad is also an important 
and prosperous industry. The fruit industry in 
Jamaica is already a large one and seems 
likely to become much larger. Hitherto this 
industry has been almost entirely carried on 
with the United States, but a satisfactory 
commencement has recently been made with 
this country, and we all hope that the idea (for 
which Mr. Chamberlain deserves all credit) and 
the enterprise of Messrs. Elder, Dempster and 
Co. in starting a new line of steamers to run 
between Bristol and Jamaica will be successful 
in building up a large trade in fruit between 
Jamaica and this. country. The consumption 
of bananas and oranges both in the United 
States and this country appears to be 
almost unlimited, and hence there does 
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not seem to be much fear of a glutted 
market with its result in unremunerative prices. 
Other minor industries, such as lime juice, 


nutmegs, arrowroot, &c., exist, but are never | 


likely to be large, as the consumption of such 
articles will probably always remain small. 
There is also a large local industry in ground 
provisions, such as sweet potatoes, cassava, 
plantain, &c. All these industries must be 
conducive in their several degrees to the pros- 
perity of the West Indies, but it must not be 
supposed that all or any of them can take the 
place of sugar. 

It may interest you to hear of what is in one 
sense a new industry which has sprung up 
during the last 20 years in Trinidad, that is the 
growth of sugar-cane by small farmers, who 
sell their cane to the factories. The growth of 
this industry is very remarkable, and I should 
like to put on record what I know of it, as I 
have figures of the production of its earlier 
years which are not venerally available. In 
1880, when | was in Trinidad, I made great 
efforts to get such an industry started, but I 
found there existed considerable suspicion in 
the minds of the creoles in regard to it. How- 
ever, at last, thanks largely to the assistance 
of the Rev. Mr. Grant, of San Fernando, I 
persuaded 12 men to take up plots of land 
and to grow canes. The conditions were that 
we (that is the Colonial Company) sup- 
plied the land rent free, the farmers bound 
themselves to grow canes, and we bought 
these canes standing at 6s. per ton. The 
canes were cut, loaded into our factory 
trucks, and hauled at our expense to the 
factory, where they were weighed in the 
presence of the farmer, who received a ticket 
certifying the weight, and on the Saturday 
following he got paid for any tickets he might 
have. Subsequently the system wasaltered.e It 
was found that the farmers preferred to cut the 
canes at their own time and in small quantities 
ata time. Consequently thé system now is to 
buy the canes delivered at the factories or at 
weighing stations, and the price paid for them 
is generally 9s. per ton so delivered. They 
are brought in small donkey carts, which carry 
about half aton, and in many cases are brought 
considerable distances in these carts. The 
first year, 1882, satisfied the farmers, and the 
industry gradually increased. For some years, 
the Colonial Company's factory was the only one 
purchasing canes from farmers, but the system 
soon began to spread to other districts, and the 
industry increased so rapidly that in 1895 
returns were called for by the Agricultural 
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Socicty from all the factories, and have been 
made ever since, with the exception of 1897. 
The following are the figures :— 


CANES GROWN BY I-ARMERS IN TRINIDAD. 


Received by Received by | Number of 


Year, Colonial Co others, iene. 
Tons. lons. 

Iso ua 32I A 

LOO E T -83 sa 
a ST 2,242 D" 
1885...’ lon 3,058 | : sv 
TOROS sacs 2,260 ia ni 
VOOR aene 4,048 zi is 
1888 ..... Sas ance 6,913 | co i oe 
1889... eee cece | 9,668 ss | ši 
S008 Sack J 8549 ar 
TOL diesen : 6,355 T 
eL e NE © o yS a 
TOG enera ears 3,02 ee és 
VST whence ae 2.623 À T 
ISJ asiano wa PS3 30,585 3,712 
SYG. eesse ss. 19,340 55,921 3,712 
PSO. paste xd eine 18,555 i ; 
ISQB .cccanees. 22,041 82,812 6,140 
IO va tan eo 225015 84,024 6,696 
190O....0e0006) I7,501. 98,435 6,417 


These figures show very conclusively what a 
large industry this is becoming in Trinidad. 
It will be noticed that in 1900 the total pro- 
duction of canes by farmers amounted to 
106,000 tons in round figures, which represent 
about 9,500 tons of sugar, or, again, speaking 
roughly, about one-sixth of the crop of the 
island. It will also be noticed that the number 
of farmers was in 1900 not less than 6,400. It 
cannot be doubted that the condition of these 
farmers has much improved since they have 
adopted cane farming, and 1 cannot but hope 
that the creation of this yeomanry class will be 
a great gain to the welfare of Trinidad. In 
British Guiana efforts are now being made to 
start a similar system, and I think with fair 
hope of success, although there are difti- 
culties in that colony which do not exist in 
Trinidad. 

In connection with the sugar industry of the 
West Indies, there is a difference between the 
conditions of this industry in British Guiana, 
Trinidad, and St. Lucia on the one hand, and 
those of Barbados, Antigua, and St. Kitts on 
the other. In the former colonies the sugar 
manufacture is carried on by large factories 
furnished with the most modern machinery, 
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whilst in Barbados, Antigua, and St. Kitts the 
old muscovado system is still retained. It 
may perhaps be asked why those colonies 
should complain of the sugar bounties when 
they have not placed themselves in a position 
to compete to the best advantage. The 
answer is simply that it is the existence of 
these bounties which prevents their doing so. 
No capitalist with average prudence will 
advance money for the erection of sugar fac- 
tories so long as the price of sugar in British 
markets depends upon the caprice of foreign 
Governments. Capital would be forthcoming 
readily enough if the open door to British 
markets was assured. But so long as this 
country allows its sugar markets to be regulated 
by foreign legislation it is ridiculous to expect 
capitalists to risk their capital in such an 
industry. Some three years ago the British 
Parliament «guaranteed an interest of 3 per 
cent. on £750,000 for 10 years for the erection 
of central factories in Antigua, St. Kitts, and 
Barbados. So far nothing has come of it, and 
the reason is that no one can be found to face 
the bounties. Hence it hardly lies in the 
mouths of those who uphold these sugar boun- 
ties to attack British colonies for not having 
done what the bounties alone prevent them 
from doing. 

In conclusion, I make no apology for calling 
your attention to the bounty question. I am 
accused by thoughtless persons of having 
bounties on the brain, as if this were a 
reflection on me. I do not take it so because 
I realise the mischief they have done and are 
doing to British interests. The losses they have 
already caused to our engineering and refining 
industries have been enormous, but we area 
rich country with many very large industries, 
and the loss of a million or two a year in 
wages is hardly felt. Whether we can afford 
to continue to sacrifice our industries to 
cheapness caused by artificial means I greatly 
doubt, but at any rate the case of this country 
is quite different from that of the West Indies. 
The sugar industry there is the main industry, 
and if that industry is seriously reduced or 
destroyed it means ruin to many, and starva- 
tion to thousands. God grant that this 
country may be wise, and come to the rescue 
of some of the finest tropical colonies in the 
world before it is too late. 


The paper was illustrated by a series of lantern 
slides, kindly lent by Mr. Algernon E, Aspinall, 
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DISCUSSION. 


The CHAIRMAN agreed with Sir Nevile Lubbock 
as to the necessity of the abolition of bounties or the 
imposition of countervailing duties, and observed that 
what the reader of the paper had said as to the mode 
in which either should be carried out seemed to be 
very sensible. Cane farming, as was said in the 
paper, had been a great success in Trinidad, and a 
large sum of money was available for the construction 
of central factories; but neither cane farming nor 
central factories could be at all relied upon as long as 
the bounty system existed. Other industries besides 
sugar were of importance, and were increasing, and 
the new shipping line started by Messrs. Elder, 
Dempster and Co. promised to be a great success. 
The sugar industry, however, was the principal 
industry in the West Indies, and it would be 
impossible to replace sugar in Barbados by any 
other known commodity. But supposing it were 
possible, it was not possible in an island only as large 
as the Isle of Wight to maintain something approach- 
ing 200,000 people upon any known industry except 
sugar. His Majesty’s Government might have taken 
advantage of the present opportunity to put on 
countervailing duties when they were putting duties 
on sugar; but he was afraid it would not be done 
now. England owed a great deal to the West Indies. 
They were old colonies, exceedingly loyal, and he 
thought the loyalty of the negro was as remarkable as 
the loyalty of any people in His Majesty’s dominions. 
Any talk about the West Indies going over to 
America, in spite of the fact that West Indians 
thought they had a grievance against England, 
seemed to him to be ridiculous. The negro had the 
greatest possible veneration and love for the late 
Queen, and he had no doubt would have the same 
veneration and loyalty for the King. 


Mr. W. F. LAWRENCE, M.P., pointed out how 
reasonable the West Indies were in their demands, 
inasmuch as they were simply going back to what 
Cobden over 40 years ago claimed was the right prin- 
ciple for Free Trade. ‘“ We do not,” said Cobden, 
“seek Free Trade in com primarily for the sake of 
purchasing it at a cheaper money rate: we require it 
at the natural price of the world’s market. Whether 
it becomes dearer with Free Trade or whether it is 
cheaper, it matters not to us, provided the people of 
this country has it at its natural price.” West 
Indians only demanded a fair opportunity of selling 
their goods, goods not in any way bolstered up 
artificially, in the markets of the mother country. 
That, he submitted, as British citizens, although 
separated by 4,000 miles of sea, they were entitled 
to ask, and, to the great discredit of the mother 
country and injustice to the West Indies, it had been 
denied. Happily, there was arising slowly a great 
appreciation of the duty of the mother country to the 
colonies, and he hoped the time was not far distant 


when that fair treatment would be given, which such 
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loyal subjects were entitled to receive. He was very 
glad that Sir Nevile Lubbock had dwelt upon the 
distances of one island from another. People asked why 
the West Indies did not do this, that, and the other 
thing, as if they were a corporate unity, capable on 
the shortest notice of turning their attention to any and 
every enterprise. The two nearest islands were 100 miles 
apart, and Jamaica was something like three or four 
days’ journey from the other islands. In these con- 
ditions there could be no corporate system of trade, 
and very little corporate action generally. Even in the 
case of Ireland, which was separated from England 
by a few miles of sea, there was very little united 
action between the two countries in matters of trade. 
Considering the smallness of the West Indian islands 
and the population — in Jamaica 15,000 whites against 
700,000 blacks—all the initiative had to be taken by 
a very small minority of the population. If the 
English nation would only study the geography of 
the locality and the characteristics of the districts, 
they would see that instead of criticising the West 
Indies for doing so little they ought to admire 
the courage and the success with which those 
colonies had battled for more than half a century 
against the fiscal vicissitudes of a somewhat step- 
motherly mother country. What he said chiefly had 
regard to Jamaica, with which he was connected, 
and where he had been as recently as last January. 
The inhabitants of that island were very pleased and 
gratified by the success of the new line of steamships 
by which fruit grown in the island could be brought 
home and sold to advantage in this country. It 
was said by some people that the mother country 
had done all she ought to do for that island when 
she had given £20,000 a year towards the subsidy of 
a line of steamers. He was not one of those who cared 
to look a gift-horse in the mouth, but knowing Jamaica 
intimately, and being fully cognisant of the opinion of 
the most level-headed men there, he could say, beyond 
any contradiction, that the mere starting of those 
steamers and exportation of fruit would do nothing 
beyond temporarily postponing the decadence of that 
important island. It was quite impossible that fruit 
could ever do for the community what sugar had done 
and could do. Many islands could not grow fruit. 
As the illustrations had shown, the soil of Barbados 
was only about two feet deep on the coral rock, 
and it was evident fruit trees could not flourish in such 
a soil. If the other islands had deeper soil they were 
so wind-swept that it would be idle to grow fruit. In 
Jamaica there was plenty of accommodation for 
growing fruit as well as sugar, and consequently the 
objections to fruit growing did not apply there as in 
the other islands. But Jamaica was not altogether a 
homogeneous island, with an identical climate through- 
out. He had some property at one end of the island 
where the rainfall was 45 inches, and he could not 
grow bananas worth looking at. But the district where 
Messrs. Elder, Dempster and Co. and the Boston 
Fruit Co. were taking their bananas from had 
a rainfall of 110 inches. There was a large 


area in Jamaica where fruit could not be grown, 
on the north side, but where there were 20 miles of 
fine sugar, and bananas could not be grown there 
because the droughts were so great, and bananas 
would not stand drought. Sugar, however, would 
stand drought infinitely better than any fruit. 
Another reason why fruit was distrusted as in any 
sense a substitute for sugar was the frequency of 
storms. A huge area that was formerly smiling 
with sugar had suffered to the extent of £12,000 
damage in one night. People who were interested 
in the island were prepared to affirm that a hurri- 
cane did not do anything like the damage to 
sugar that it did to fruit. Assuming that sugar 
perished in Jamaica, a thing he could hardly believe, 
what would be the advantage of fruit? Fruit was a 
perishable article, and the middleman took a very 
handsome percentage off the returns. It required 
specially fitted ships to carry fruit, whereas sugar 
could be carried in any ship that came to the port. 
Sugar would keep, and fruit would not. If the sugar 
industry perished, a district as large as from Salisbury _ 
to Land’s End, and about 50 miles broad, would be 
entirely in the hands of three fruit middlemen. Two 
of those middlemen had subsidies from their respective 
Governments of £40,000 a year, and, therefore, there 
would be no open market. For a long time there 
had been only one middleman, Captain Baker, who 
had done the island much good by creating the 
banana industry, but business men would allow that 
in throwing aside a staple such as sugar in order to 
give place to such a risky commodity as fruit, the 
island would suffer considerably. Anybody could 
grow a bunch of bananas and cut it off and ship it, 
but when the sugar was cut and brought to the mill 
there were a lot of industries which had an educative 
effect upon the natives, and from the moral point of 
view there was no doubt that if sugar ceased to be the 
staple production of the island the negro would have 
very little to draw out his latent energies, or 
stimulate him to that higher and more intelligent 
life to which hitherto it had been the ambition of the 
British races throughout the world to raise the lower 
races of mankind. Therefore on that ground the 
loss of sugar would be a grievous moral loss to the 
community. He did not desire to disparage fruit, 
but sugar was the only industry which was likely to 
maintain the island in future. It was desired to 
abolish the bounties not to grow sugar to excess, but 
to keep in touch with the mother country. He 
appreciated our Anglo-Saxon kinsmen in America, 
but was concerned to see all the trade and sympathies 
of the people of the West Indies being inevitably 
drawn to the United States and alienated from this 
country. Fifteen years ago 60 per cent. of the sugar 
came to Great Britain, at present only 9 per cent. 
In 1881, 8 per cent. went to the United States; at 
present 90 per cent. of the Jamaica sugar goes there. 
What was true of the sugar was true of all the 
products of the island. Our hold of the markets of 
the West Indies was gradually slipping away, and if 
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we lost the markets we should lose the sympathies of 
the people. The West Indies contained two of the 
great harbours of the world, one being amongst the 
seven largest in the world. They were both most 
important harbours on the route of the Panama 
Canal, and merely out of sentiment for fair play we 
ought to deal justly by the communities who owned 
those great harbours. A great deal was talked 
about Empire, but unless the mother country showed 
greater sympathy with those who went from her and 
settled in distant lands, even with the great tie of the 
Crown, little by little the link would be lost by which 
alone this great Empire could be kept together. 


Sir CAVENDISH BoyLE, K.C.M.G., said that what 
had been said by Mr. Lawrence with regard to the 
West Indies, their pluck, their endurance, their deter- 
mination to make the best of a very bad bargain, and 
their great loyalty, was absolutely true. He had 
been connected with the West Indies for a consider- 
able number of years, and he did not suppose it was 
possible for anyone to find a more loyal people than in 
those islands and in British Guiana. When the death 
of the Queen took place he was in British Guiana, 
and from the highest to the lowest there was a 
wonderful amount of sympathy shown. To suggest 
that those people were anxious to join the United 
States was to suggest a fallacy. Some people said 
that the natural market for the West Indies or 
British Guiana was the United States. It might be 
so, but it was not to be supposed that the United 
States were going to be the natural market if it did 
not suit them to be so. The moment it was found 
they could get a cheaper article elsewhere they were 
going to leave the West Indies to take care of them- 
selves. The United States showed themselves very 
anxious at one time to enter into further reciprocal 
relations with the British West Indies, but somchow 
or other the negotiations had been hung up. It was 
his privilege, about two years ago, to vo to the 
United States with the hope of being able to induce 
the Government to enter into a reciprocal arranye- 
ment with British Guiana, Bermuda, and the other 
Wrest Indian colonies for mutual advantages. There 
was a great deal of talk, but even now the Senate did 
not find itself prepared to carry out the arrangements. 
The mother country should take the products of the 
industry of her sons and daughters as long as there 
was room in the mother country for those pro- 
ducts to come in. If he had a child trading who 
produced a certain commodity, he would rather 
go to that child’s shop and buy it than go else- 
Where, although it might be a little dearer. He 
would assist the family by going to the family shop. 
And surely it would be better that England should 
go to the West Indies for her sugar, than that the 
West Indies should be forced to go to the United 
States. He believed in co-operation, and co-operation 
between the mother country and the West Indies would 
be a very great bencfit. The West Indian colonies had 
suffered many vicissitudes, and in spite of all the 


troubles the sugar estate owner was still pouring 
money into the colonies and holding his own, for 
which he deserved much credit. It was said that the 
sugar estate owner did not merit any sympathy in con- 
sequence of his being an absentec proprietor. But it 
was just as necessary for the sugar industry that a 
certain number of estate owners should live in 
England as it was that they should have representa- 
tives where the sugar was grown. A considerable 
amount of what was used on the estates came from 
England, and it was essential that it should be well 
bought and well sent out, besides which the owner 
did good in being in this country to receive his pro- 
duce and secure a market for them. It was supposed 
that because the owner of the estate was not resident 
there the colonies suffered a loss ; but the manager of 
a large estate carcfully controlled that estate, and the 
owner was, as a rule, well represented. A large 
sugar estate in British Guiana would employ as 
many as three thousand or three thousand five 
hundred people; it was almost a township in itself, 
and the manager of that estate carrving out the 
orders of the proprietor was almost a resident pro- 
prietor himself. He believed that the natural market 
for those colonies should be the mother country, and 
not the United States of America. 


Mr. Joun E. QUINLAN said there was a very 
strong party against countervailing duties, and in 
woing about the country it was only when he stated 
that he was not advocating countervailing duties that 
he obtained a patient hearing. The people in the 
West Indies were suffering very great privations, 
bordcring on starvation, and actual deaths from 
starvation had taken place in consequence of the 
great depression in the sugar industry. If there were 
any means of resuscitating that industry, why were 
not those means brought forward so that at least some 
superficial measure of relief could be extended to the 
people of the West Indies? One of the measures 
suggested by the Commission was the settlement of 
the Jabouring population on small plots of land as 
peasant proprietors. Ife was himself the des- 
cendant of an African slave, his grandfather 
having purchased his independence with his savings. 
What was the situation in the West Indies at the 
present moment? There were 2,000,000 black and 
coloured subjects who had not a single vote. It 
was said that the black man was lazy, and would not 
work. The reader of the paper had given an account 
of what the black people had done in cane farming. 
In Trinidad there were 19,000 Indian immigrants, 
and the taxpayers had to pay to import labour from 
India to compete with them as workmen. Al the 
taxation raised in the colonies was raised on food and 
clothing. There were 22,000,000 acres of land in the 
West Indies uncultivated, and the portion cultivated 
only yielded 200,000 tons of sugar, and 200,000 tons 
could be grown on one-third of that acreage. One 
labourer could cultivate an acre of canes, and an acre 
of canes produced threc tons of sugar. Sixty-thousand 
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people ought to be able to produce 200,000 tons. AU 
he wanted was that the West Indies should be run in 
future in a different way from that of the past. At 
present they were run in the interests of a few 
capitalists. 


The CHAIRMAN did not agree with a good deal 
Mr. Quinlan had said, and did not believe that a large 
number of his fellow-countrymen would agree with 
him. With regard to their having no votes in the 
West Indies, he happened to have been Governor of 
Jamaica, and the great majority of the voters there 
were black men. There were many thousands of 
voters in Jamaica, but as to whether the negro fran- 
chise had been a success or not opinions differed. He 
asked the meeting to accord to Sir Nevile Lubbock 
a hearty vote of thanks for his interesting paper. 


SIR NEVILE LUBBOCK, in reply, referred to the 
remark of Mr. Quinlan that the West Indies had been 
run largely in the interests of the capitalists against 
the interests of the working classes, and said that if 
there was one class of people in whose interests the 
West Indies had not been run, it was the capitalist. 
There was not a single capitalist who had money in 
the West Indies who would not be very glad if he 
had none there at all. Mr. Quinlan was ignorant of 
matters relating to the sugar industry, especially when 
he said that one man could cultivate an acre of canes, 
and that an acre of canes produced three tons of 
sugar. There were six thousand of Mr. Quinlan’s 
compatnots who were cultivating canes, and they 
generally succeeded in producing ten to twelve tons 
of cane per acre, and those ten or twelve tons of cane 
produced about one ton of sugar. Mr. Quinlan 
absolutely failed to suggest any other means than 
countervailing duties for improving the industry, and 
as he himself knew of no other means of doing so, he 
confessed he must adhere to what he said about the 
bountics being the cause of the sugar not doing well. 
If Mr. Quinlan would go to some of his compatriots 
and tell them what he had said that afternoon about 
the sugar industry, he would not have such a patient 
hearing as he had had that afternoon. 


Miscellaneous. 


eo 


PROTECTION OF BUILDINGS FROM 
LIGHTNING. 

A committee, named the Lightning Research 
Committee, has been organised by the Royal Institute 
of British Architects and the Surveyors’ Institution, 
with the object of collecting and tabulating informa- 
tion from all parts of the country as to damage 
resulting to buildings from lightning-stroke. Mr. 
Killingworth Hedges, in a paper on “ The Protection 
of Public Buildings from Lightning,” read before the 
Royal Institute in April last year, referred to the 


difhculty experienced by experts in getting accurate 
information as to injuries sustained by lightning- 
struck buildings, and urged the desirability of an in- 
quiry by a recognised authoritative body as to how 
far buildings are rendered lightning-proof by modern 
systems of protection, and this committee has been 
formed in consequence of his suggestions. The 
Lightning-Rod Conference, as the result of an ex- 
haustive inquiry, extending over three or four years, 
drew up and published with its Report in 1882 a 
code of rules for the erection of lightning-conductors, 
which has served practically as a text-book on the 
subject up to the present time. Since the general 
adoption of these rules, however, no certain informa- 
tion has been collected on the effect of lightning- 
strokes on buildings provided with conductors. It is 
hoped that the present inquiry, by the collection of 
precise data, may serve to test in some measure the 
results accruing from the rules laid down by the 
Lightning-Rod Conference nearly twenty years ago. 

The Committee includes Mr. John Slater (Chair- 
man), Major-General E. R. Festing, C.B., F.R.S., 
Dr. Oliver Lodge, F.R.S., Messrs. J. Gavey, W. P. 
Goulding, W. N. Shaw, F.R.S., H. H. Statham, 
A. R. Stenning, Arthur Vemon, Killingworth 
Hedges, C.E. (hon, secretary). 

In pursuance of their inquiry the Committee seek 
the co-operation of competent observers in all parts 
of the country, with a view to obtaining accurate 
details, noted on the spot, of the effect of lightning- 
strokes on buildings, whether fitted with conductors 
or not. A schedule of Questions will be sent to 
persons willing to act as observers, who will be 
requested to investigate any disaster from lightning 
occurring to a building in their neighbourhood, and to 
furnish the Committee with the details suggested in 
the Questions. Should additional particulars be 
desired, such as measurements, &c., the observers 
will be requested to make further investigations, and 
any reasonable expenses will be defrayed by the 
Committee, 


SCHOOL OF ART WOOD CARVING. 


The committee of the school, in their annual 
report for 1900, regret to have to report that there 
has been a decrease in the number of students during 
the year 1900, as compared with 1899—of 209 in 1900 
against 271 in 1899. 

This decrease is no doubt due to the repeated 
shifting of the premises of the school, and to the fact 
that, owing to the precarious position in which its 
finances were placed by the withdrawal, in June last, 
of the annual grant of the City and Guilds’ Institute, 
the committee were unable to give any assurance as 
to how long the school might be carried on, To help 
the school over some of its difficulties the Cloth- 
workers’ Company made it a special donation of £50. 

The rooms on the second floor of the Imperial 
Institute, formerly occupied by the scheol, were, in 
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the early part of the year, required by the London 
University, and the school was consequently removed, 
on the ist of March, to the North Gallery of the 
Institute, where two spacious bays have been allotted 
to it by the authorities at a rental of £50 per annum. 
This removal has involved the suspension of the 
evening classes, as the gallery is not accessible in the 
evening. The Saturday afternoon class, which has 
been already started for the special convenience of the 
evening students, has, however, been continued. As 
the grant of this accommodation was only temporary 
the committee opened negotiations with the authorities 
of the Royal School of Art Needlework to obtain 
rooms in the new building in course of erection for 
that school. They ascertained that suitable rooms 
would be granted at a rent of £150 per annum, and 
thereupon applied for aid to the Technical Education 
Board of the London County Council. A communi- 
cation was subsequently received stating that the 
Board would make a grant of £250 to the school 
subject to certain conditions as to admission of free 
students, transfer of the school to the new building of 
the Royal School of Art Needlework, resumption of 
evening classes, &c. 

This grant is not, however, to be made until the 
transfer to the new building is effected, and the 
committee have not yet been informed when the new 
building will be ready. In the meantime they regret 
to say the reserve fund of the school is being steadily 
reduced. 

The eighth annual examination for teachers of 
wood carving was held in July. Fifteen candidates 
submitted themselves for examination, out of which 
number seven passed in the first division, the remain- 
ing eight, who only took the theoretical part of the 
examination, had not completed the work necessary 
to obtain certificates. 


AUSTRALIAN LIGHTHOUSES. 


Although the greater portion of the Australian 
coast is remarkably free from dangers to navigation, 
lighthouses have been erected at every available 
point; hence the comparatively limited number of 
shipping disasters other than those occasioned by 
stormy weather. The whole of the New South Wales 
coast is efficiently lighted, and when the service 
passes into the hands of the Federal Government, 
further improvements will probably be effected. Some 
of the lights are visible at a distance of 12 miles. The 
most important of the New South Wales lighthouses 
is the Macquarie, at the entrance to Port Jackson, 
and which ranks as one of the largest and finest in 
the world. It is also said to be the grandest example 
of electric lighting of which the southern hemisphere 
can boast. The structure was commenced on March 
Ist, 1880, and the light in connection with it brought 
into operation on June ist, 1883. The old light- 
house, which the new one has replaced, was built in 


1816, and was the first structure of the kind in 
Australasia. The electric light was here first used 
for lighthouse purposes. The light is of the first 
order, sixteen-sided, dioptric, holophotal, revolving 
white light, of the system of Fresnel, showing a flash 
of eight seconds every minute, and having a range 
of 25 miles seaward. It can, however, be discerned 
for a considerably greater distance, owing to the 
luminosity produced in the atmosphere by the electric 
beam before the direct rays become visible. It was 
constructed by Chance Brothers and Co., of Birming- 
ham, under the supervision of the late Sir James N. 
Douglass, engineer to the Trinity House. The 
Macquarie Lighthouse is intended only to illumine 
half the horizon ; it is therefore possible to make use 
of the landward rays by means of a dioptric mirror. 
Special adjustment was needed to attain the result in 
a satisfactory manner. The whole apparatus is 
carried on around pedestal, which offers the great 
advantage of enabling the keeper to enter without 
interfering with the rotation of the apparatus. 
Arrangements are made to burn either gas or parafhn 
oil, or to exhibit the electric light at full power or 
half power. When the electric light is in use there is 
always a second lamp in readiness for action. The 
practical result of the lighthouse has been to make 
the entrance to Sydney Harbour perfectly safe, except 
during the most violent weather. 


AUSTRIAN INDUSTRIAL ART 
EXHIBITIONS. 


For the purpose of checking the retrogression of 
business in Austria and improving as far as possible 
the condition of trade and commerce, important action 
was recently taken by a number of leading Vienna 
manufacturers and merchants, resulting first in a 
resolution to arrange temporary exhibitions, par- 
ticularly of industrial art manufactures, in all the 
leading markets of the world; and, secondly, the 
formation of a society for the furtherance of commerce 
between Austria and Russia bearing the name of 
Oesterreich-Russischer Handelsverein. Austrian in- 
dustrial art has its special home in Vienna, and here 
the stagnation of the past two years has been par- 
ticularly marked. Viennese manufacturers have it is 
said lost important markets in England and Germany. 
A committee consisting of the representatives of 
local manufacturers has presented a memorandum 
to the Government in which those evils are pointed 
out, and adequate remedies proposed. The opening 
of foreign markets is designated as the most im- 
portant means of furthering the object in view, 
and the hope is expressed that the exhibition of 
Austrian manufactures in various foreign countries 
will draw attention to the superiority of Viennese 
art goods. The United States Consul-General 
at Vienna says that this is a plan already well thought 
out, as shown by the list of cities where these exhibi- 
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tions will be held, and which are the following: 
London, Liverpool, Edinburgh, New York, Washing- 
ton, St. Louis, Habana, Madrid, Seville, Lisbon, 
Stockholm, Zurich, Berne, St. Petersburg, Warsaw, 
Moscow, Riga, Constantinople, Bucharest, Sophia, 
Athens, Teheran, Tokyo, Bombay, Alexandria, Cairo, 
Pretoria, Rio de Janeiro, City of Mexico, Buenos 
Ayres, Melbourne, and Sydney. The Government 
is requested in this memorandum to appoint a 
permanent Commission to be entrusted with the 
preparation of these exhibitions, which Commission 
shall be composed of from twenty-five to thirty 
members, among them a delegate from the Govern- 
ment, one from the Imperial Royal Austrian Museum 
of Art and Industry, the Corporation of Austrian 
Manufacturers, the Export Association, and a repre- 
sentative from each of the industrial art branches 
concerned. All offices in the Commission are to be 
honorary, only such cash outlays as are made in 
travelling for purposes of study being reimbursed. 
For the execution of this undertaking the Government 
is requested to furnish a capital of about £80,000, 
which is to remain intact, only the interest derived there- 
from to be devoted to exhibition purposes. Finally, 
the Government is to charge its diplomatic and consular 
officers abroad with the duty of assisting the work 
by giving information and advice. This memorandum 
was presented by a deputation of manufacturers to the 
Prime Minister, was approved by him, and referred 
to the Minister of Commerce who gave the deputa- 
tion the assurance of his warmest sympathies. The 
Minister of Commerce placed a considerable sub- 
vention at the disposal of the manufacturers for the 
first exhibition for which London is chosen, as being 
the largest market and one in which all articles can be 
entered free. After this favourable result, a member 
of the committee repaired to London to look over 
the ground and returned with excellent reports. At 
a subsequent meeting it was decided to hold an 
Austrian industrial art exhibition in London in 1902. 
The second measure alluded to, the newly-created 
Austro-Russian Commercial Association, has for its 
aim the opening of Russia to Austrian art manu- 
factures, a field but sparsely cultivated by. Austria 
hitherto. The society proposes to effect this object 
by systematically promoting trafic between Russia 
and Austria and popularising Austrian manufactures 
and inventions in Russia. 


JEWISH AND GERMAN COLONIES IN 
PALESTINE. 


The establishment of the Jewish colonies in 
Palestine, the primary object of which was to provide 
for destitute emigrant Jews, has brought about a 
great change in the aspect of the country, and an 
example has been set before the native rural popula- 
tion of the manner in which agricultural operations 
are ¢opducted on modern and scientific principles. 
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The most important Jewish colonies situated within 
the Jerusalem district (not to mention those founded 
in Galilee and Northern Palestine) are those of 
‘‘Richon-le-Sion” (the first in Sion), ‘ Petach- 
Tikrah ” (the Gate of Hope), and “ Ekron,” founded 
on the supposed ancient Biblical site of Ekron. 
According to Consul Dickson of Jerusalem, the first 
of these has become the centre of a very considerable 
wine industry, and all the apparatus and machinery 
for the manufacture of wines of various qualities are 
not only en a large scale but of the most improved 
kind. The immense underground cellars for the 
storage of these wines at an even temperature would 
compare favourably with those in the wine-growing 
districts of France, and the quantity of wine annually 
produced is on the increase. During the year 
1900 the amount of wine stored in these cellars 
was 50,000 hectolitres (about 1,100,000 gallons), and 
a very considerable quantity is kept in depôt at Ham- 
burg for sale in Europe. There are two qualities of 
this wine which are mostly in demand, a red wine 
very much of the nature of light claret, and a dry 
white wine not unlike Sauterne. The latter is often 
of excellent flavour, and will in course of time probably 
find a good market on the continent of Europe. In 
the German colony of Sarona, near Jaffa, wine is also 
manufactured of a superior quality, but not to such 
an extent as at the Jewish colony of Richon-le-Sion. 
Great care and attention are, however, bestowed on 
its manufacture by the Germans, and several dry wines 
of fine flavour are the result. Among these may be 
mentioned the red and white ‘‘ Muscat,” the “ Affen- 
thaler’’ (a red wine), the ‘‘ Alicante” (also red), 
“ Reisling ” (a white wine), and the white ‘“ Sarona.” 
All these compare favourably with the common 
French and Italian wines, and as increased care is 
devoted to their manufacture with a view of im- 
proving their quality, the demand for them in the 
European market will become greater. The Jewish 
colony of “ Petach-Tikvah”’ is now mainly engaged 
in the cultivation of the orange for the purpose 
of exportation, and during recent years large 
plantations of young orange trees have sprung up 
in its vicinity. “Ekron” is a fruit-growing 
colony, and although not so large as some of the 
other Jewish colonies, is nevertheless a model in all its 
arrangement for promoting fruit culture. Some of 
the fruit grown, such as apricots and peaches, is pre- 
served in syrup and exported annually to Europe. 
The change in the country round Jaffa, in consequence 
of the establishment of these Jewish colonies, has 
been remarkable, and is entirely due to the generosity 
and benevolence of those wealthy members of the 
Jewish faith, who have come to the aid of their 
suffering co-religionists. Baron Edmond de Roths- 
child, who has for many years been the main support 
of some of these colonies, has recently handed over 
his interest in them to the Jewish Colonisation Asso- 
ciation, and the latter will continue to afford them 
the necessary aid, and will use every effort to promote 
their prosperity. l 
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Chemical Industry (London Section), Burlington- 
house, W., 8 p.m. 1. Mr. G. Cecil Jones, * The 
Correspondence. Need of Greater Care in Introducing Gas- Firing 
——_—__ @——_—_— into small Gasworks.” 2. Dr. Walter C. C. 

ie oe y f ae Peer ie Pakes, “ The Chemical Aspects of Bacteriology.” 
TESTING AND TRAINING DISTANT Actuaries, Staples-inn Hall, Holborn, 5 p.m. 

V/SION, Annual Meeting. 


Mr. Brudenell Carter deserves the thanks of the 
community for his exceedingly interesting and well 
thought out paper on the above, and as a man who has 
made the eye a special theme for study since 1883, I 
can fully endorse every word he has said on the 
subject. I was glad to see Mr. Carter quoted 
Professor Huxley’s disbelief that uncivilised see better 
than civilised men. This widespread impression that 
people living in a primitive condition possess more 
acute vision than civilised men enjoy, gained some 
little support from the investigation of Dr. Rivers, 
during the recent British expedition to Torres Straits 
and New Guinea. The visual powers of the people 
there were found to be superior to those of normal 
Europeans, although the degree of superiority was 
not great. The natives of Torres Straits could see 
better in the dark than most Europeans can. Their 
sense of touch was also slightly superior, and in the 
discrimination of weight they were more accurate 
than a practised European. Dr. Rivers ascribed this 
acuteness of vision to their habits of constant observa- 
tion, Asa member of the Society of Arts, I point 
out the result of Dr. Rivers’ investigation as 
antagonistic to the views and researches of Professor 
Ifuxley, and in the hope that it will tend, by showing 
the conflicting statements, to lessen the prevalent 
idea that the sight of the average Bnitisher is worse 
than his continental or transatlantic brother. 


CHAS. F. FORSHAW, LL.D. 
May 28th, taor. 


General Notes. 


—— e 

EXHIBITION OF THE ARTS APPLIED TO DECO- 
RATING TissUES.—An Exhibition with this object. 
organised by the Société Industrielle, is to be held at 
Rouen from July to September next, free space being 
offered to the manufacturers, artists, and collectors of 
France and other countries. Al tissues of any com- 
position and decorated in any manner are admissible, 
provided that they really possess a decorative character, 
or in its absence some special point of interest. One 
of the four main classes embraces textile goods for 
colonial export, and anothcr the method and products 
employed in decorating textile fabrics. 


MEETINGS FOR THE ENSUING WEEK. 


Monpay, Juse 3... Royal Institution, Albemarle-street, 
W.,5 p.m. General Monthly Mecting. 
Engineers, in the Theatre of the United Service 
Institution, Whitehall, S.W., 73 p.m. Mr. A. 
Taylor Allen, ‘Concrete Subways for Under- 
ground Pipes.” 


Turspay, Juni 4 Royal Institution, Albemarle -street, W., 
3pm. Mr. Churton Collins, “ The True Functions 
of Poctry, and Wordsworth as a Teacher.” (Lec- 
ture IT.) 

Central Chamber of Agriculture (at the Houser or 
THB SOCIETY ot ARTs), Ir a.m. 

Zoological, 3, Hanover-square, W., 8} pm. n 
Dr. R. Broom, “The Structure and Affinities 
of the Anomodont Genus Cderuden.”’ 2. Mr. 
Oldfield Thomas, ‘‘ Notes on the Type Specimen of 
Rhinoceros lastottsy Sclater; with remarks on the 
Generic Position of the Living Species of Rhi- 
noceros.” 3. Mr. G. A. Boulenger, “ A small 
Collection of Fishes from the Victoria Nyanza, 
made by order of Sir H. H. Johnston, K.C.B.” 


WEDNESDAY, JUNE s ..Geological, Burlington - house, W., 
R p.m. 
Archzological Assoc., 32, Sackville-street, W., 8 p.m. 
Obstetrical, 20, Hanover-square, W., 8 p.m. 
Archivological Institution, 20, Hanover-spuare, W., 
} p.m. 


THURSDAY, JUNE 6...Royal, Burlington-house, W., 43 p.m. 


Antiquaries, Burlington-house, W., 84 p.m. 

Chemical, Burlington-house, W., 8 p.m. 1. Mr. 
G. S. Newth, “ A Laboratory Method for the Pre- 
paratiou of Ethylene.” 2. Messrs. W. A. H 
Naylor and C. S. Dyer, “ Oroxylin.” 3. Messrs. 
P. Gordon and L., Limpach, t Some Relations be- 
tween Physical Constants and Constitution ìn 
Benzenoid Amines. 1L” q. Messrs. A. Lapwo ith 
and W. H. Lenton, “The Constitution of the 
Acids obtained from A-dibromocamphor.” s. M 
W. H. Sodeau, “The Decomposition of Chlorates. 
IV. The Supposed Mechanical Facilitation of the 
Decomposition of Potassium Chlorate.” 6. Mr. 
S. Ruhemann, “Condensation of Phenols with 
Esters of the Acetylene Series. V. Homologucs of 
Benzo-Y-pyrone.’ 7 Mr. J. E. Mackenzie, 
“The Action of Sodium Methoxide and its Homo- 
logues on Benzophenone Chloride and RPenzal 


, 


Chloride.” 8. Messrs. W. Ramsay and H. S. 
Hatfield, ‘‘Preliminary Note on Hydrides of 
Boron.” 9. Mr. C. O'Sullivan. “Gum Traga- 
canth.”’ 


Linnean, Burlington-house, W., 8 pm. Mr. 
H. M. Bernard, ‘‘ The Necessity for a Provisional 
Nomenclature for those Forms of Life which 
cannot be at once arranged in Natural System.” 
(Adjourned discussion.) 

Society for the Encouragement of Fine Arts. 
Conversazione at the Royal Institute of Painters 
in Water-Colours, Piccadilly, W., 8 p.m. 

Royal Institution, Albemarle-street, W., 3 p.m. 
Professor Dewar, ‘The Chemistry of Carbon.” 
(Lecture ITT.) 


Fripay, Juxe 7...Royal Institution, Albemarle-street, W., 
8p.m. Weekly Mecting. 9 p.m. Prof. Raphacl 
Meldola, ‘‘ Mimetic Insects.” 

Geologists’ Association, University College, W.C., 
8 p.m. 

Philological, University College, W.C., 8 p.m. 

Quekett Microscopical Club, 20, Hanover-square, 
W.C., 8 p.m. 

SATURDAY, June 8...Royal Institution, Albemarle-street, 
W., 3 pm. Prof. J. B. Farmer, “ The Biological 
Character of Epiphytic Plants.” (Lecture IT.) 
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Notices. 
a a 


CONVERSAZIONE. 


The Society’s Conversazione will be held, 
by arrangement with the Council of the Royal 
Botanic Society, in the Gardens of that Society, 
Inner Circle, Regent’s-park, on Friday even- 
ing, the 28th of June, from ọ to 12 o’clock. 

Two entrances to the Gardens will be used. 
The principal entrance faces the road leading 
to York-gate and St. Marylebone Church. It 
is less than half-a-mile from Baker-street 
Station, on the Metropolitan Railway. The 
second entrance is on the north side of the 
Gardens, near the road leading to Chester- 
terrace and the east side of Regent’s-park. A 
covered way leads from this into the Con- 
servatory. 

The central portion of the Gardens only will 
be used. 

The Conservatory and the Club House will 
be open. 

The Royal Botanic Society’s Exhibition of 
Rhododendrons will be on view, and it is 
possible that arrangements may be made for 
a Supplementary Exhibition of Flowers. 

A Selection of Music will be performed by 
the String Band of the Royal Artillery in the 
Conservatory, and by the Band of the Grena- 
dier Guards in the Gardens, which will be 
illuminated. 

A vocal and instrumental concert by the 
Royal Criterion Hand Bell Ringers and Glee 
Singers, under the direction of Mr. Harry 
Tipper, will be given at intervals in the Club 
House. 

Light refreshments (tea, coffee, ices, claret- 
cup, &c.) will be supplied. 

Each member is entitled to a card for him- 
self (which will not be transferable) and a card 
for a lady. 


In addition to this, a limited 


number of tickets will be sold to members of 
the Society, or to persons introduced by a 
member, at the price of 5s. each, if purchased 
before the date of the Conversazione. On that 
date the price will be raised to 7s. 6d. 

Members can purchase these additional 
tickets by personal application, or by letter 
addressed to the Secretary. In all cases of 
application by letter a remittance must be 
enclosed. Each ticket will admit one person, 
either lady or gentleman, and must be signed 
by the member applying for it. 

Tickets will only be supplied to non-mem- 
bers of the Society on presentation of a letter 
of introduction from a member. 

It will greatly facilitate the arrangements if 
members requiring additional tickets will apply 
for them at as early a date as convenient. 

The Council reserve the right of stopping 
the sale of tickets or of raising the price, 
if it is found necessary, in order to re- 
strict the number of visitors within reasonable 
limits. 


Proceedings of the Society. 
——_)——__—. 
COLONIAL SECTION. 


Tuesday afternoon, May 7th, 1901; The 
RIGHT Hon. LORD BRASSEY, K.C.B., D.C.L., 
in the chair. 


The CHAIRMAN introduced Lieutenant Bellairs as 
an officer of most distinguished abilities whose success 
in naval examinations was of a very rare description, 
and who was now giving. to the country the great 
advantage of his naval experience as a writer, a 
lecturer, and in other ways. 


The paper read was— 


' THE COAL PROBLEM: ITS RELATIONS. 


TO THE EMPIRE. 
By LIEUT. CARLYON W. BELLAIRS, R.N. 


RETROSPECTIVE REMARKS. 


Jevons described coal in the opening sen- 
tences of his ‘‘ Coal Question’’ as the main- 
spring of modern material civilisation. In 
considering a factor which enters into nearly 
the whole of our material welfare it is above 
all things necessary to bear in mind the wise 
saying of Dr. Johnson that parts are not to be 
considered until the whole has beén surveyed. 
Mindful of past experience we should pay a 
judicious regard to another wise saying which 
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tells us never to prophecy unless we know. 
The Royal Commission reporting in 1871, 
having considered the whole and its parts, 
ventured to prophecy. This one may be 
cited :— 

“ As regards the future exportation of coal, although 
a very large increase has taken place within the period 
embraced by the preceding table (1858-69), yet there 
is reason to doubt whether much further increase will 
take place in this direction.” 

The doubtful increase has been over 34 
million tons to 46°6 million tons exported in 
1900, or four times as much as the previous 
rise which the Commissioners considered a 
“ very large ” one. 

The Commissioners thought that our exports 
would never exceed 13 million tons. As a 
matter of fact they have risen, in 1900, to a 
figure three-and-a-half times as great, while 
12 million tons in addition are usually taken 
in bunkers by steamers engaged in over-sea 
trade. 

Had the Commissioners been right, we 
could not have exported more than 390 million 
tons during the last 30 years. As a matter of 
fact we exported 358 million tons in the last 
decade of the 1gth century alone, or 
enough to have given the Chancellor of the 
Exchequer the wherewithal to pay for 18 
battleships with his shilling export duty. In 
the same period we placed in the bunkers of 
steamers exactly 100 million tons. If we 
deducted the coal exports from the exports 
of the country, we should have evidence of the 
serious inroad the United States and Germany 
have made on our commercial position, which, 
but for the coal trade, has not progressed to 
anything like the extent of our German and 
American rivals. Of the increase of over 
27 millions in the value of our exports 
last year, over one-half was due to the rise 
in value of coal and in the quantity exported, 
and a large proportion of the remaining in- 
crease is due to the inclusion of new ships built 
for abroad. Apart from exports of coal, the 
average of quinquennial periods shows that 
our exports are remaining stationary instead 
of rising with the increase of population. 

In this increase of the coal trade the domina- 
ting factor has been the reduction of ocean 
freights. As that reduction goes on it tends 
to make the locality of the coal mines of less 
and less importance provided they are near 
water transit to the sea or can secure very 
cheap land transit. It is possible to look for- 
ward to a time when the production of coal 
throughout the world will be so abundant that 


a new Jevons may arise to discover that the 
decisive point on which the material welfare of 
nations turns is the cheapness of transport and 
facilities in the accommodation of ports. 
Under these circumstances will not the old 
advantage of Great Britain’s geographical 
position reassert itself, and the immense coast 
line of the empire of 34,090 miles washed by 
the tide in every quarter of the world, stand us 
in good stead? It remains for Government to 
pave the way for cheapness of transport and 
improvement of the ports throughout the 
Kingdom and the Empire. 1 have no hesita- 
tion in asserting that anyone who examines 
this question will come to the conclusion that 
the advantages of position are all on our side, 
but that the high charges for transport are a 
severe handicap on nearly every branch of 
our trade. 

On a broad survey of the situation, it may be 
said that the rates of freight on coal along the. 
railways of the United States are about one- 
fourth of those ruling in England, and on the 
State-owned railways of Germany about one- 
half. This, and the fact that about one-fourth 
of the United States coal supply has been won 
by coal-cutting machinery as compared with 
less than 2 per cent. in Great Britain, while the 
seams are quite twice as wide and being 
worked at a few hundred feet depth over a vast 
area, are the causes of the price of coal having 
fallen in the United States from 6s. 54d. in 
1883 to 4s. 84d in 1899. This record cannot 
be excelled anywhere except in India and New 
South Wales. In India the price has always 
been low, as for instance 4s. 13d. in 1898; and 
in New South Wales the care with which the 
Government watches over the coal-mining 
industry has enabled prices to come down from 
gs. 6d. per ton in 1883 to 5s. 5d. per ton in 1898. 


THE POINT OF VIEW. 


Now, if I put before you the orthodox free 
trade view, I should argue that coal is exported 
because we have greater need of something 
else in exchange ; that it enables foreign rail- 
ways, and our own and foreign ships, to bring 
this something else to us cheaply; and, finally, 
that pig iron, steel, ships, and manufactures, 
having used coal in their production, are, in 
effect, exports of coal. I am, however, willing 
to acknowledge that there are limits to this 
form of argument based on the perfection of 
theory in a frictionless universe, rather than 
the compromise of practice in a warring world. 
I believe that men themselves have value, that 
some industries support more men and give us 
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better men than others, and that the doctrine 
of non-interference is not the last word in the 
controversy. I believe that the interests of the 
British Empire come before the interests of 
any one part of that Empire. Hence the point 
of view from which my paper is written is that 
coal, being the mainspring of our national 
welfare, the right understanding and handling 
of the coal problem is an important means of 
insuring that goal of our patriotism, the pre- 
dominance of British civilization throughout 
the world. 

As a sailor I am mindful of two special 
points :— 

(1) That, as Lord Brassey impressed on me 
a few weeks ago, permanent naval strength is 
based on commercial prosperity, and to impair 
our commercial strength is, in the long run, to 
risk our naval supremacy. 

(2) We possess a virtual monopoly near the 
sea of the finest steaming coal in the world. 
To allow the world’s navies to depend on that 
coal in peace is to leave them terribly handi- 
capped when at war with us. They can ac- 
cumulate stocks, but these are limited bythe fact 
that the coal is liable to deterioration. In this 
connection I may recall the fact that Cervera’s 
squadron in the American-Spanish war became 
a certain prey to the American fleet from the 
moment of its arrival in the West Indies, and 
failure to obtain coal. It is only a difference 
of scale and not in kind from this instance to 
say that inferior coal means decreased speed 
and endurance, and increased visibility through 
smoke, and, therefore, greater difficulty of 
evading the superior forces which we all agree 
ought always to be possessed in maritime 
warfare by the British Empire. 

(3) On the other hand, to allow the export of 
Welsh coal to go on unrestrictedly is to risk 
the eventual exhaustion of this unique supply. 

Under equal conditions the advantage which 
Welsh coal must always enjoy over inferior 
coals in the markets of the world is that 
supposing the intrinsic value is one shilling 
per ton more than a north country coal, then 
if both encounter a freight which doubles 
the price, the gain to the purchaser of the 
Welsh coal will be doubled to two shillings 
per ton; that is to say, he pays a shilling 
more, but is able to sell it at two shillings per 
ton more. 


THE INTRICACY OF THE PROBLEM. 
Now, our reasoning must end in fallacies if 
we consider the coal supply of the United 
Kingdom apart from the coal supply of the 


world, if we do not realise that there are 
coals and coals, and if we dogmatise on the 
export coal trade without reference to the great 
shipping industry of the Empire. Thus the 
coal supply of the world to-day is reughly 700 
millions per annum, of which Great Britain 
produces 224 millions, and our Colonies another 
20 millions. The value of coal at the pit’s. 
mouth, even in South Wales, differs as much 
as two shillings per ton, owing to the superiority 
of one coal to another, so that a contractor 
should never go by a sixpence or so difference 
in the tender, but should have the fullest infor- 
mation at his disposal, as to the chemical 
contents of the fuel and its evaporative qualities. 
Then, as regards the shipping, Mr. Mulhall 
estimated in 1897 that our shipping earned 
56 millions, and that of Canada, 3} millions. 
A great part of this must have been secured 
through cheap coal, and by our shipping em- 
ployed in the carriage of coal. 

A future source of freight for our shipping 
lies in the iron ore production of Canada. The 
tendency at the present day is for the iron 
manufacturers to go to the iron ore districts 
rather than to the collieries, for every day the 
fuel consumption and transport prices are 
getting less, and the sources of coal supply 
more universal. Unfortunately, England is 
becoming more and more dependent on foreign 
iron ores, and consequently the influence of 
freights is, for her, one of vital importance, 
since the ores of both Canada and Sweden are 
far away, while those of Spain are within 
measurable distances of exhaustion. To obtain 
cheap freights by encouraging the export 
trade in coal, which at present forms over 
zo per cent. of her exports by weight, is one 
way; to encourage the big ship tendency, 
and to make strenuous efforts to prevent delays 
in pilotage and in unloading at our ports, is 
another way. Finally, to follow the wise 
suggestions of Mr. Forster Brown, made before 
this Society, for counteracting the total ten- 
dency of the price of fuel to rise by State legis- 
lation affecting the railways, is a prudent 
course of immediate importance. Economic 
considerations like these dominate the world 
in peace time, and wisely interpreted they 
supply the sinews of strength for war. The 
prudent statesman never taxes or restricts 
an industry unless the gain so obtained by the 
State is greater than if the employers had been 
left in absolute freedom. The same truth has 
been said, in other words, by the Chancellor of 
the Exchequer when he pointed out that “ we 
must not, in aiming at revenue, sacrifice 
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trade.” What is good policy for the State is 
often good. policy for the great commercial 
organisations that compose the State, and we 
surely ought to have the right to impose on 
them the same maxim, viz., that they must 
never, ‘‘in aiming at revenue, sacrifice trade.” 
There is a widespread conviction that for the 
State to impose export duties is to sacrifice 
trade, and it is to the consideration of this 
question that I will now address mysclf. 


EXPORT DUTIES. 


A case can be made for restricting the 
export of certain Welsh coals, or for the 
acquirement by the State of favourable mines 
in the interests of the Navy. It can be con- 
tended that the gain to the State outbalances 
any profits that the Welsh colliery proprietors 
and the shipowners could have made under 
a system of /azssez faire. This is altogether 
different from an export duty on coal based on 
the ground that the exhaustion of our coal 
mines means the exhaustion of our manufac- 
turing power. Such a tax might be fatal in 
many directions to a slowly built up industry. 
We exported to Germany, in 1899, 4,932,000 
tons. That is we were able to enter this in 
competition with the coal of a country which 
is itself able to export nearly 164 million tons 
of fuel. From the following Table it will be 
seen that the difference of price of coal at the 
pit’s mouth in Great Britain and Germany is 
about Is. :— 


Great Britain, Germany. 
Year. Price per ton. Price per ton. 
s d. s. d. 
1895 æ... O O ææ 6 9 
1896 æ. 5 IO e. Ó II 
1897 asss S5 IE sses 7 I 
1898 sese 6 4 sss 7 4 


It is safe to say that a shilling export duty will 
cut off the shilling advantage and, therefore, cut 
off a large portion of the trade, though the 
effect may not make itself felt at once. It may 
be useful to check the above with the price of 
coal, including coke, patent fuel, &c., as 
delivered free on board for exportation—1897, 
8-98s. ; .1898, 9°928.; 1899, 10°72s. To these 
figures we have to add the freight charges and 
import duties to see how far the coal can 
compete with coal in France priced at the pit’s 
mouth in 1898 at gs. per metric ton, in Belgium 
at 8s. ọġd., and in the United States at 4s. 5d. 
As regards Europe, we have the advantage of 
quality, but that quality has its equivalent price. 
Obviously, in the United States, the native pro- 
tected product is too cheap for coal at nearly 


2s. per ton dearer at the pit’s mouth to enter 
into competition with after a 3,000 miles journey. 
American coal has already captured the market 
in the West Indies. 

Several of the countries to which we send 
large quantities of coal could make out a 
good case for taxing their exports to us 
of timber, petroleum, and iron ore. For 
instance, the following Table includes Russia, 
which sends us timber and petroleum ; Sweden, 
which sends us iron ore and timber; France, 
which has a monopoly of some essential parts 
required for the manufacture of best armour ; 
and Spain, which sends us large quantities of 
the best iron ore,,so that at present scarcely a 
single Admiralty contract in the iron trade can 
be executed without these Spanish ores :— 


Vear, | of Native] British | Produce 
raed as uce. (Countries. 
per cent. | per cent. | per cent. 

Russia .... | 1897 81°54 | 13°02 5°25 
Sweden .,.. | 1898 8-76 | 87°94 3°03 
Spain ...... | 1898 62°78 | 32°98 4'24 
Italy ...... | 1897 6'39 | 9005 3°56 
Austria .... | 1898 65°04 1°08 | 33°88 
Japan ...... 1897 97°81 2°13 0:06 
France...... 1899 72°29 13°80 13°91 
Belgium .... 1899 83°41 4°25 12°34 
Germany ... 1899 92°63 5°37 2°00 


I have now given sufficient reason for the 
belief that the export of coal is a necessary 
condition of free trade, and I am glad to be 
able to quote Professor Jevons in this connec- 
tion. Whatever carping critics, who are wise 
after the event, may say about his mistaken 
theory of production increasing in geometrical 
production, time has proved that he understood 
better than some economists do to-day the 
essential principles on which our material 
prosperity is based. Coal he described as our 
great outward ballast freight, and declared 
that ‘‘ the inevitable progress of free trade will 
ever increase the tendency to export coal.” By 
this he meant that it would form the bulk of our 
export cargoes balancing the imports of wheat, 
timber, iron ore, and other raw materials, 
which he foresaw must increase. 

The coal mining industry is one which has 
been increasing by natural growths, so that in 
1883 we had eriployed under the Coal Mines 
Regulation Act 471,679 persons and, in 1899, 
729,009 persons. All these people are trained 
in one of the most useful callings in the world 
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and make the best colonists for the develop- 


ment of Canada, Australasia, and South 
Africa. Assuming 300 tons output per person 
employed, the coal exports represent the 
industry of about 150,000 individuals apart from 
dependent industries such as railways, ports, 
and ships. 

. We may dismiss from our minds all the talk 
about sudden exhaustion of our coal supplies. 
It must go through two stages though inventions 
may retard the process. There is a stage at 
which we diminish our exports and begin to 
import. We are then nearing the exhaustion 
of the cheaper supplies. It is estimated 
that we have at least 20,000 million tons 
at such depths and of such widths as can 
make no sensible difference on prices. In 
addition fresh coal fields may be worked, for 
borings have been proved in other parts of 
England besides the well-known cases in 
Lancashire and Kent. Allowing for 20,000 
million tons at an average production of 300 
millions a year, the cheap supply would last 70 
years. If we assume that one-fifth is wasted 
or left in the ground as props then the cheap 
supply will last 56 years. 

As regards the exhaustion of our mines 
Mr. H. C. Peake, President of the Insti- 
tute of Mining Engineers in 1900, calcu- 
lated that at the then rate of consumption 
our coal supplies would last for 350 
years, but with the same ratio of increase that 
has been going on of late years the coal would 
last at the most 150 years. On the other hand 
Mr. C. Le Neve Foster (Inspector of Mines) 
reported in 1900 that ‘‘ he should be lacking in 
his duty if he failed to repeat the plain warning 
of such an authority as Mr. T. Forster Brown, 
who states emphatically that in another 50 
years the dearth of cheap coal will begin to be 
felt. The proper husbandry of the coal 
resources of the kingdom is a question of 
national importance.” State interference is 
here indicated as a matter of urgent importance. 


RISING PRICES AND EXPORTS. 


It is sometimes contended that export duties 
are justified, as rising prices at home are 
supposed to be due to scarcity brought about 
by the export of coal. The following Table 
giving the figures for the years 1883-1889, 
shows that a rising price has been mainly 
caused by increased home consumption, due to 
general prosperity. In fact, the export of coal 
is an important safety valve by which coal can 
be diverted to the home trade if required, and 
it frequently happens that when getting the 


best steam coal out, small coal is also mined 
which goes to supply the home market. (See 
Table, p. 554). 


STATE INTERFERENCE. 


I cannot but think that the time has come 
for drastic State interference with the users of 
coal and the owners of port accommodation, 
railways, and canals, such interference being 
carried to the furthest limit consistent with 
public interest without making capital unduly 
timid. It is sufficient to instance the canals 
which are gradually falling into the hands of 
railway companies anxious to divert trade, 
including the coal trade, to the railways. Let 
the State acquire the canals on the basis of the 
value of existing trade and run them in com- 
petition with the railways. We are now about 
to tax coal. It is curious that we never hear 
of taxing the waste of coal. There is nothing 
new in State interference in these directions, 
for the State worries the users of cheap coal 
who make smoke, and it is generally con- 
ceded that the smoke nuisance is the worse 
evil of the two. There are hard cases as 
there are under every law, but the interests 
of the community must be safeguarded. 
We protect the lives of the sailors generally, 
but it is doubtful if sufficient supervision is 
exercised over the export coal trade, which is 
exposed to very special dangers, so much soas 
to involve special rates of insurance. In this 
matter a few unsuitable vessels succeed in dis- 


crediting the whole trade so that expenses are 


increased by insurance. Whenever there is a 
large demand for coal, a number of unsuitable 
vessels may be taken up, and if the supply is 
not equal to the demand there is a tendency to 
relax the usual precautions of not shipping the 
coal in a wet condition. I think we ought 
also to try to enforce on foreign vessels, moving 
cargoes in British ports, those laws as to 
manning and load-line that apply to British 
vessels. Then, again, if the best facilities 
for lading vessels are not provided at the 
ports, the coal gets broken up, and is, there- 
fore, more liable to spontaneous combus- 
tion. J think the easiest way in which State 
interference can effect good results is to assist 
the various industries to eliminate the middle- 
man, reform the law procedure of the country, 
so as to simplify and cheapen its working, and 
stimulate invention by making patents a 
simple instead of a complicated and expensive 
matter. | 
When I speak of Government interference I 
do not mean that sort of interference which 


554 


JOURNAL OF THE SOCIETY OF ARTS. 


[Func 7, 1901. | 


locks up a dozen innocent men for fear one 
guilty man should escape, or to take a parallel 
case which may easily occur under the new 
coal duty, hampers the movements of a dozen 
ships which have indefinite cargoes of coal, or 
coal ballast as is so commonly the case, for 
fear the State may be defrauded of a few 
shillings duty. That sort of interference is 
most pernicious, and it is infinitely better that a 
dozen doubtful vessels should go scot free than 


coming of age, we may expect to see them 
give us many a friendly lead in the way of 
helping ourselves by interfering with men who 
possess the idea that a man can do what he 
likes with his own. It is an extraordinary 
state of anarchy which exists to-day permitting 
men to own the sources of our material welfare, 
to make huge profits in “fat” years, and to shut 
down their works, throwing hundreds and 
thousands out of employment, if profits decline. 


UNITED KINGDOM. 


Quantity of | Quantity of | 


uantity remaining for 
“Hone C asamp. 


Years. | Population, | Production |C General | (Genai | Ton at | 
t : Trade). Trade). Pit’s Mouth. Per Head 
+ È Total. of the 
| Population. 
| 

| No. | Tons.” | Tons.® Tons.® s d. Tons.’ | Tons.” 
1883....' 35,450,000 163,737,000 | 11,000 29,442,000, 5 7 134,300,000, 3'79 
1884...’ 35,724,000 | 160,758,000; 7,000 30,234,000 5 4ł | 130,531,000 3°65 
1885,...! 36,016,000 | 159,351,000 | | | 30,766,000 `° 5 2 | 128,585,000 3°57 
1886... 36, 314,009 157,518,000 | 2,000 | 30, 362,000 | 4 10 127,158,000 3°50 
1887 ....,. 36,599,000 | 162,120,000 6,000 | 31,718,000 | 4 9ł 130,408,000 3°56 
1888....i 36,881,000 | 169,935,000 | 34,570,000. 5 OF , 135,365,000 3°67 
1889....: 37,179,000 | 176,917,000 li | 37,138,000, 6 4} | 139,779,000 3°76 
1890.... 37,485,000 | 181,614,000; 1,000 38,660,000 S 3 | 142,955,000 3°81 
1891....' 37,881,000 | 185,479,000, 7, | 40,121,000 8 o — | 145,365,000; 384 
1892....| 38,107,000 ' 181,787,000, 16,000 | 39,381,000 7 34 | 142,422,000 3°74 
1893...., 38,440,000 | 164,326,000, 26,000 37,489,000 © 94 | 126,863,000 _ 3°30 
1894....| 38,786,000 , 188,277,000 10,000 | 42,690,000, 6 S 145,597,000) 3'75 
1895... 39, 136,000 | 189,661,000 16,000 42,909,000 6 of 146, 768,000 3°75 
1896....| 39,452,000 | 195,361,000 | 16,000 | 44,587,000 5 10} | 150,790,000 3°82 
1897.. 39,827,000 ı 202,130,000 9,000 48,130,000 | § il 154,009,000 | 3°87 
1898.. 40,191,000 j 202,055,000 I 1,000 48,208,000 6 4} 153,798,000 | 3°83 
18991 ..! 40,560,000 | 220,085,000 2,000 55,810,000 | — 104,277,000 4°00 


Note.—Exclusive of lignite. 


* Tons of 2,240 lbs 


+ Population calculated to the middle of each year, except in the case of 1891, which is a census year. 


ł Including cinders and culm. 


t Including coke and patent fuel, and also coal shipped for the use of steamers engaged in the foreign trade. The coke has 
been converted into its equivalent of coal by taking 6> tons of coke as being originally equal to 100 tons of coal, and patent 


fucl as containing go per cent. of coal. 
|| Less than 1,000 tons. 
{ Provisional figures. 


that an innocent one should suffer in the 
endeavour to draw the net too tight. What 
Government has to do is to keep a wholesome 
fear of consequences before those whose actions 
run counter to the interests of the State, but in 
doing so it must not imperil its own interests 


which lie in quick and safe communications | 
We do not - 
limits to which State | 


for the great shipping trade. 
know the precise 
interference can be beneficially carried, but 
now that our stalwart co‘onial sons are 


I do not see why interference with such a state 
of affairs should make capital unduly timid -if 
it also brings the era of strikes to an end. 
There are some demands made by the men 
which are utterly inconsistent with the interests 
of the country. I may instance their objections 
to machinery, interference with the liberty of 
men to work to their full capacity, and attempts 
to assail the right of employers to accumulate 
' reserve heaps of coal above ground. One 


` result is that while over 20 per cent. of the 
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coal production of the United States is won 
by machine cutting, this modern method 
does not bring in as much as 2 per cent. 
of Great Britain’s production. An American 
newspaper states that the actual production 
per miner in the United States is 68 per cent. 
more than in Great Britain. Though the ad- 
vantage of working on wider seams at less 
depth belongs to the United States, it is im- 
possible not to feel that newer methods could 
reduce some of this balance against us. We 
must also endeavour to educate our working 
classes up to higher ideals and standards of 
living. If the miner is recruited from an 
ignorant class that cares only to earn thirty 
shillings a week, then, in times of good wages, 
the men will only work three days instead cf 
four, and the result is a diminution in the out- 
put per man, tending to increase the scarcity. 
The Engineer has called attention to this 
factor, and it can be only corrected by 
endeavouring to educate the miners when they 
pass under the hands of the State as boys. 


THE INFLUENCE OF INVENTION. 


These remarks lead me to the conclusion 
that the treatment of the subject certainly 
requires a historical temperament, such as 
would lead a man to watch the tendencies of 
the times. In the progress of human affairs 
there is a very general tendency for inventors 
to reach success just about the time when the 
demand for the new idea is becoming acute, 
so that, in the next century and a-half, we 
may surely anticipate new sources of power in 
the utilisation of tidal energy, solar rays, and 
the chemical treatment of peat, while great 
economies may be introduced and bituminous 
coal be rendered smokeless. Supposing the 
consumption of the world rises to 1,000 millions 
tons per annum instead of 700 millions tons as 
is the case to-day, if only an economy of 5 per 
cent. is effected by new inventions, it means a 
saving of 50 millions on the present wasteful 
methods. This is not an extravagant expecta- 
tion when we consider that the best engines 
only use about 8 per cent. of the energy of 
the coal, and waste the rest. Then there is 
also the influence of economies in sea freight, 
which has already fallen by some 70 per cent. 
since the seventies. 

On the question of improved appliances for 
the consumption of fuel, Commercial Intelli- 
gence recently quoted some very sensible 
remarks from the New York /ron Age as 
follows :— 


«With bye-product coke ovens utilising their 
surplus gas and with gas engines converting the 
energy of the waste gases of the blast furnace into 
power for driving steel works and rolling mill 
machinery, the consumption of fuel is bound to 
shrink rapidly. With modern appliances and plant 
the day is not far off when the quantity of coal for 
steam raising and for reheating in steel works and 
rolling mills will become a negligible quantity. In 
other words, the 3,000 or 3,200 pounds of coal charged 
into the coke ovens will nearly suffice for the blast 
furnaces, the Bessemer plant, and the rolling mill. 
This means that the districts the world over which 
now suffer from a high cost of fuel will steadily reach a 
better position. That the Continental iron makers 
realise this is evident from the fact that in Belgium 
and in Germany close to 150,000 horse-power of large 
unit engines to operate with furnace gas are built or 
building, while with us, so far as we know, there is 
not a single one in operation. They are a long way 
ahead of us, too, in the introduction of bye-product 
coke ovens. Scotland cannot now make very cheap 
steel, but the use of the large quantities of splint coal 
in its blast furnaces is to a great extent counter- 
balanced by the recovery of ammonia and tar from the 
blast furnace gas. That the rich gas after going 
through the purifiers is wasted, as it is now, instead 
of being used to drive blowing engines or dynamos, is 
a disgrace to the Scotch iron makers.” 


The same paper recently gave the cost of the 
three principal items in iron manufactures in 
the Rittaburg districts, taking the year 1887 as 
100 :— . 

1887-1807. 
Cost per cent. 
Labour. csc iciaesetieeneneee: 100 46 
Coke consumption .......... IOO 86 
Costs (inclusive of raw material) 100 44 


With Sir Robert Giffen, I should state the 
case thus. If at one time it took £50 worth of 
coal to produce £100 worth of goods, the 
selling price was £180. In this case a differ- 
ence of 10 per cent. in the selling price of the 
same quality coal was an enormous advantage 
to a competitor, enabling him to offer the goods 
at £145, or %5 less. Now, here is where 
invention steps in. If, to-day, the £50 worth 
of coal produces £1,000 worth of goods, the 
selling price is £1,050, and a difference of 10 per 
cent. in the price of coal would only give a 
competitor an advantage of £5 in £1,000, so 
that there is a greater play for factors other 
than coal. This is a real tendency that is going 
on, its effect being that coal is becoming less 
and less important as a factor in the cost of 
production. The community having large 
capital at its disposal will take care that 
new sources of supply are continually being 
opened up, as is the case with the iron ores. 
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The nearer we work to the exhaustion of our 
coal mines, the more will capital open up the 
mines to be found in our colonies and else- 
where. So also will capital gravitate from 
coal mining and gas producing at home, to 
electrical undertakings, which may stimulate 
many new industries. Under these circum- 
stances, when the day arrives for this country 


to import coal in competition with the home 


supply, that factor of geographical position at 
the gates of Europe will once more stand us in 
good stead, for the cheapness of the coal is 
largely dependent on the ability to offer return 
cargoes. Situated as we are with reference to 
Europe, we can always fill up the holds of 
vessels bringing coal either by resort to the 
transhipment trade, or with exports to Europe, 
where they can again obtain fresh cargoes. 
We can safely say that there is no room in 
this picture for the New Zealander on London- 
bridge lamenting our downfall. 


GOVERNMENT AND INFORMATION. 


Closely allied to the question of improved 
communications and labour-saving devices is 
the economy of the employer’s time in every 
branch of industry. Expenditure, for the 
purpose of carrying out the closest survey 
possible of the coal resources of the Empire, is 
money well spent. There is always a large 
amount of floating capital in most countries 
awaiting investment, and it is for the State 
that would prosper to indicate where that 
capital can be profitably used. It is 
again scarcely necessary to enlarge on the 
utility of publishing all facts concerning our 
coal trade, and yet I believe that the Coal Mines 
‘Regulation Act prohibits the official publication 
of the annual returns of the different companies. 
We are only permitted to know the aggregate 
output and export of the different districts, in 
spite of the fact that the Mineral Statistics 
Committee of 1894 recommended that the out- 
puts should be published in detail. This ostrich- 
like policy of making no attempt to find out 
every detail of our position is the bad political 
scouting that has cost us dear in the past. 

It is not only necessary that the Government 
should know how best to utilise the coal 
resources of the Empire, but that every one of 
its citizens should study the problem and know 
how in the past the coal measures have been 
one of the prime conditions of our greatness. 
It is right that every man who burns coal 
should have at his disposal the chemical 
analysis of the coal from the pit and the 
means of gauging the possibility of increasing 
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cost of fuel owing to increasing depth. In 

the present day a difference of one shilling in 

the price of the same coal may make a difference 

of five shillings per ton in the cost of manu- 

Then again, in England, the 

evaporatıve powers of a pound of coal may 

vary from 6 to 11 lbs. of water, or, in other 

words, one coal for boiler purposes is nearly 

twice as valuable as another. British capital- 

ists and traders have no such survey of the 

Empire’s coal resources at their disposal, and 

yet it is one that is every bit as important as 

the survey the Navy carries out of the waters 

of the world. Such a survey should also afford 

very full information on points affecting the 

price of coal other than the ordinary geological 

ones, such as the nature of the coal and thick- 

ness of seams. Such points are— 

(a) The probable demand at hand. 

(4) The possible competing supplies. 

(c) Cost of labour and living. 

(d) Cost of timber and building materials. 

(e) Cost of transport. 

(f) Nature of ground and probable amount of 
pumping required. 

(g) The probability of cheap sea transport 
coming in through vessels being able to 
earn return freights. 


IMPERIAL FEDERATION. 


Since Mr. Gladstone made Mr. Jevons’s book 
on ‘‘ The Coal Question’’ the foundation of a 
famous Budget speech in favour of reducing 
the National Debt, we have gone to the other 
extreme. In the interval, we have consumed 
about 5,000 million tons of the source of our 
material welfare. We are now in a fair way to 
pile on again the 183 millions sterling that we 
took off the National Debt since that speech. 
As illustrating the new tendency it is suffi- 
cient to state that in six years we have increased 
the ordinary expenditure of the country by 
26 millions sterling, or from 98 millions in 1896, 
to about 124 millions in 1902. The large 
growth of this expenditure has been mainly 
caused by the burden of armaments falling on 
one-tenth of the population of the Empire in the 
United Kingdom. I am sure we all hope that 
Imperial Federation will be a reality before the 
second half of the century, when the coal 
measures of Great Britain may be a 
more acute question than it is to-day. 
In that case the genuine Imperalist ought to 
feel it a matter of indifference whether the 
manufactures are mainly established in England 
or Canada. At this moment, I believe that the 
large prospective growth in the iron and coal 
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industries of Canada, points to the Imperial and 
Canadian Governments establishing a great 
shipbuilding yard in Canada.* I have already 
advocated this course in the columns of the 
Daily Graphic. Let no one say that the 
present output of 20 milions tons of coal is a 
measure ofGreater Britain’s output in the future. 
As coal, the source of national welfare is de- 
velopėd, and round it grow up manufactures and 
other indications of prosperous communities, 
will not Canada come forward in the moment 
of our need, as was said of a time of stress and 
strain, when our wants ‘‘ would have become a 
desolating famine, had not the colonies, with 
true filial pity, applied the exuberance of their 
youthful breasts to the mouth of their exhausted 
parent ’’ (Burke). 


SHIPPING. 


_ In considering the position of our Empire 
to-day, the brightest spot in the whole indus- 
trial position is the ease with which we have 
maintained our position in the shipbuilding 
and shipping industries. Now, since coal forms 
over 70 per cent. of our exports by weight, it 
is obvious that it provides the outward cargo 
for at least 50 per cent. of our ships.t The 
man who proposes to stop the export trade in 
coal would send the ships away in ballast, 
and they would have to recoup themselves 
on our imports—timber, cotton, wool, and 
iron ore. We should lose our shipping and 
manufacturing supremacy, for there would be 
no adequate return in the diminished cost of 
coal in the home market. The condition is alto- 
gether different from the natural state of affairs 
due to the flux of time and the changes inci- 
dental to it, when we gradually diminish our coal 
exports during a long term of years. We must 
also take note of the fact that these coal exports 
are to a very large extent for the supply 
of British ships in foreign ports, such as 
Hamburg, Marseilles, Las Palmas, and Port 
Said. Probably of the million tons that we 
send to Port Said over 70 per cent. is put on 
board British steamers. Sir Michael Hicks- 
Beach’s suggestion that shipowners should 
devote less space to cargo and more to coal so, 
as to avoid the duty can only be regarded as 


® The Canadian Government has already placed a contract 
for 25,000 tons of steel rails locally. The blast furnaces of 
the Dominion Iron and Steel Company at Sydney, Cape 
Breton, will have a daily capacity of 1,400 tons of iron. 
-+In an interesting article in the Nationa? Review, 
September, 1900, Mr. A. D. Provand calculated that of 43 
millions tons of shipping cleared from our ports in 1899, with 
cargoes, nearly 29 million tons carried coal as their cargo. 


a joke. The whole tendency of the trade along 
the Suez route during the last thirty years has 
been to organise rapid means of coaling, to 
reduce the coal carried, and so to enable the 
vessels to offer lower freights by their ability to 
carry more cargo. 

At present the British Empire and the 
United States produce about 68 per cent. of 
the world’s supply of 700 million tons. In con- 
sidering the areas of supply one is struck by 
the enormous room for expansion, especially in 
India and Canada. New fields sometimes 
spring into activity very suddenly. Take for 
instance the Masontown field in Pennsylvania, 
having an area of 200 square miles. It was 
first surveyed in July, 1899, and there are now 
5,000 men employed in the mines and about 
the coaling parts of the field, and 2,800 ovens 
in operation. It is calculated that the new work 
being undertaken will add another 10,000 to 
the population. Nothing but such examples of 
extremely rapid development could have trans- 
formed the coal output of the world from 
142 million tons in 1860 to 700 million tons in 
1900, of which Great Britain’s proportion was 
84 million in 1860, and 224 million in 1900. 


THE UNITED STATES. 


No survey of the situation would be complete 
without considering the rising export coal 
trade of the United States. It is recognised 
there that the question of rivalry with England’s 
exports to European markets is one of freight 
and quality of coals. But for the quality, we 
might take fright at the following figures sup- 
plied by the Foreign Office last July to’the 
Cardiff Chamber of Commerce :— i 

Dols. 
Cost per ton at Cardiff ......seeeee 5. 
Freight to Naples.....ssssesrseveee 2 


Cost per ton at Philadelphia ........ 
Freight to Naples...s.cececcesseveee 4 


6} 


In the year ending June, 1900, the Americans 
exported 7,917,319 tons, of which 5,413,000 
tons were bituminous coal, and yet they still 
find it necessary to protect their own coal by a 
duty of 67 cents. per ton. Nearly the whole 
of the United States exports of coal in 1899 
were to American and West Indian ports. 

In spite of the fact that America’s non-tidal 
harbours make it easy to avoid many of the 
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expenses required to equip ports for a coal 
export trade; it is still true, as was said recently 
in the fron and Coal Trades Review, that in 
Great Britain ‘‘ millions of money have been 
expended in fitting up the necessary wharves, 
staiths, plant, sidings, and other equipment 
required for this purpose. Nothing of the sort 
exists in the United States to any extent worth 
speaking of.” 

In the export trade they have, however, to 
face the grave disadvantages of coal fields 
distant from the sea and from the principal 
markets, while the freights offered are ‘not 
nearly so cheap as they might be if the 40 per 
per cent. duty on the total imports were re- 
duced. That import duty has acted with 
disastrous results on British trade, but one’s 
regret is tempered by the thought that it has 
done more than anything else to bring the 
federation of the British Empire into the 
arena of practical politics. Theré is one more 
comment which I desire to make as a sailor. 
The Table of the consumption of coal in the 
United States Navy shows how the greatest 
coal-producing country in the world is de- 
pendent on foreign coals for its navy, while the 
British Navy with its ports dotted all over the 
world can go anywhere and do anything from 
British ports with British coals. 


UNITED STATES NAVY. 


—— 


Year Quantity Average | TaT a Cost of 
onding of Cost per | Coal |U.S. Coal 

June 30. | Coal used. To used. per Ton 
| Dols. | Tons. Dols. 

73,467 | 7°49 : 38,450 5'77 

67,054 6o) | 33.237 4'45 

94,336 678 | 42199 4°22 

98 ors 5°35 50,630 3°59 

116,903 5°30 55,162 3°57 

138,318 4°75 82,051 3°41 

452,551 4°68 378,437 4°02 

281,169 5°97 195.216 6°34 

228,395 _ 6°88 141.921 5.88 


* Spanish War. 


THE EXPORT COAL TRADE. 


In 1899 we exported 43 million tons, which 
may be divided into six great exporting 
centres :— 

Million Tons. 
The Welsh coal trade from 
the Bristol Channel ........ 
The Liverpool District ........ 6 
The West of Scotland........ 4°7 
The East of Scotland ........ 2'4 
The North-Eastern ports of 
England iccsccd vows ciiai 


Now as to the destination of this coal, our 
principal customers were in 1899 :— 


Million Tons. 
France ...... peousonannceese: [0°37 
Italy orrrerrr re re re sieni 5°53 
Germany ..ccccccsssccccesere 5°06 
Russia .... 2.02000. eeseuteseu: 340 
Sweden oo... osses.. Mivewwen 3705 
Egypt cogs caer Gave a akanena 2°13 
Spain and Canartes........0006 2°29 
Denmark oic63cvssciccesevees 2°05 
South America ........cceeee 2°72 
Africa (except North Africa).... III 
Tadia .4sisacaescieeversseeiees °120 
Cape Verde Islands........ ss.. 0°36 
Las Palmas ...........essooso 0°35 
North America .....sceccceee O'2I 
Madeira... esses. cosssesees O'FL 
Central America ..........0005 o'I5 


Counting the whole of the shipments to 
Mediterranean ports as belonging to Europe, 
the results may be apportioned as 36°76 million 
tons exported to Europe, leaving 6°35 million 
tons for the rest of the world. Of this 34°07 
million tons was for actual European ports, and 
2°69 million tons for the North African ports 
of the Mediterranean. 


THE HOME EXPENDITURE OF COAL. 


For the last ten years I am informed that the 
average quantity of coal consumed in the 
manufacture of pig iron has been 16°02 million 
tons, or practically the same as in 1890, when 
we used 16°17 million tons for the purpose. In 
the prosperous year of 1889, we used 19°06 
million tons. It is customary to assume that 
we use one ton of coal per head of population 
for domestic purposes, so that, in 1890, we allow 
37 million tons, and in. 1899, 40 million tons. 
The Coal Tables published in 1900 give 10°64 
million tons as the coal consumption in 
locomotives in 1899. We have, therefore, for 


1899 :— 
99 Million Tons. 


Domestic consumption ....e.se0.. 40°00 
Locomotives. .....sssessssses we «=: 10°64 
Exports and Bunker Coal........ 55°81 
Pig Iron production ............ 19°06 

Total .... 125°51 


This leaves about 100 million tons to be credited 


to the mines themselves, gas, electric lighting, 
waterworks, and manufactures other than pig 
iron. The quantity consumed at the mines 
themselves is about 8 per cent. of the produc- 
tion, so that this quantity ought really to be 
deducted from the output in every country 
before we know how much is available for con- 
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sumption for industrial and domestic purposes. 
About 16 million tons is attributable to iron 
and steel works other than pig iron production, 
and about 13 million tons to the gas companies. 
These three factors being deducted leave a 
margin of under 50 million tons for electric 
lighting, waterworks, and factories. 


THE WELSH COAL TRADE. 


As the special coal of Wales has been 
referred to as standing on a different footing to 
ordinary coals in that it is steaming coal for 
ships, and supplies the needs of the Navy as 
smokeless fuel, it may be useful to embody 
in this paper its distribution and growth. 

Out of a total output of the mines of Wales 
and Monmouthshire of 325°5 million tons for 
the ten years 1890-99, the total shipments were 
210'1r millions. The actual production in 
1899 for South Wales and Monmouthshire, 
was 39°87 million tons, and in 1890, 29°41 
million tons, of which we have seen that in 
1899 we exported abroad 18-75 million tons. 
The amount of coast-carried coal can be gauged 
from the fact that in 1890 the Welsh ports 
sent out 2°76 million tons to the different 
English ports, and in 1899, 4'02 million tons, 
the bunker coal shipped was 1°65 million tons 
in 1890, and 3°49 million tons in 1899, while by 
rail the pits of Wales and Monmouthshire sent 
10°99 million tons in 1890, and 15°5 millions 
tons in 1899. 


CONCLUSION. 


I conclude from this brief survey of the 
existing position — 

1. That the shipping trade of the United 
Kingdom is largely dependent on, and has 
increased with, the coal trade to the extent 
of nearly 140 per cent. in 30 years; and that it 
is undesirable for this and other reasons to 
restrict the coal export trade. 

2. The requirements of the Navy can be 
met by the State purchasing adequate mines. 
These requirements for a century’s supply do 
not amount to more than four years’ output 
of the Welsh mines. 

3. There is a real need for interference in 
the coal mining industry in the interests of 
economy, for the provision of reserve coal, and 
for the prevention of strikes. The compulsory 
working of mining grounds, the amalgamation 
of companies, the extinction of royalties, 
and transport facilities are separate questions 
requiring investigation. 

4. The provision of the fullest possible 


information concerning coal resources is of the 
utmost importance. 

In times of scarcity the supply does not meet 
the demand, because it takes time to open up 
new workings, to introduce, train, and house 
new hands, and with high prices come high 
wages and less work per man. Thus 1872 was 
a year of scarcity, and the coal raised per man 
fell 22 tons, while a committee was got together 
to investigate the matter. If we were to adopt 
the recommendations of that committee we 
should never have a fresh enquiry except for 


- gathering information, because their panacea 


was the gospel of /atssez faire. Here are the 
concluding words of their report :— 


“They believe that the true policy of the country 
and the best inducement to the proper conduct of 
business, as well as the greatest stimulus to a return 
to a more just balance between a supply and demand 
is to leave the trade free, and to maintain an inflexible 
resolution of non-interference on the part of the State. 
To adopt the opposite course would be to make one 
class pay for the benefit of another, whilst any 
restraints on the profits of private business or industry 
by the power of the law, must, in justice, carry with 
it the guarantee of the resources of the State against 
loss, which, in the opinion of your Committee, is 
altogether impolitic.”’ 


Anyone who belicves that the watchword of 
modern conflicts, industrial as well as military, 
is ‘‘ organise ’’ cannot possibly agree with this 
view. The present system is very largely one 
of internal conflict, or of a house divided 
against itself. 

However much momentary appearances may 
be against it, I hold firmly to the opinion ex- 
pressed by Lord Salisbury some years ago that 
the warfare of nations is changing its ground 
from a military conflict to one of commercial 
competition. If you disagree with this view 
there is a truth which will command a wider 
acceptance amongst you. It is that naval 
strength tends to wax or wane with commercial 
strength, and the ability to win command of 
the sea is in the long run dependent in a large 
measure on commercial supremacy. Now I 
wish particularly to direct your attention to the 
fact that no country or empire in the world can 
show such an increase in the volume of its 
commerce during the last thirty years as the 
British Empire. On the other hand, it is un- 
reasonable to hope that the United Kingdom 
alone can maintain the position it occupied 


in the seventies as regards the United 
States and Germany. Then much of the 
United States was virgin soil, and the 


German Empire was a young giant de- 
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stined to rapidly grow. In the quarter of a 
century following, the population of the United 
States increased 30 . millions, Germany 11 
millions, and the United Kingdom, 8 millions. 
Our sole hope of predominance lies in our 
Empire. We have to bridge over a period in 
which Imperial Federation is being accom- 
plished, and the burden of maintaining our 
armaments will have to be borne during that 
period almost exclusively by the wealth and 
trade of the United Kingdom. Under such 


capital, even though that capital is coal, the 
source of its material welfare. That coal is 
lying unproductive in the earth. In this most 
critical period of our history, when we are 
reaching forward in Imperial Federation to an 
even greater predominance than we possessed 
in the seventies, it is essential that we should 
enhance our production and profitable exports 
of coal by all means in our power. By acting 
thus we are able to raise greater wealth for 
the building of battleships, which enable us to 


circumstances a nation may well spend its ; achieve our destiny in peace. 


APPENDIX. 
! Iron ore. | Coal and lignite. 
Country. - Ban Se oo ite -—- — 
| Years. | Tons. | Percentage. Years. } Tons. Percentage. 

United States (estimated) ..| 1899 25,000,000 29°74 1899 230,838,973 31°96 
Great Britain... .. se .«-{| 1898 14,176,938 16°86 1899 220,085, 303 30°47 
Germany and Luxemburg ..' 1899 17,989,665 | 21°40 1899 135,824,427 18°83 
France s. se se se oe: 1898 4,731,394 | 5°63 1898 32,356,104 4°48 
Belgium .. se «se oe «| 1808 217 337 | "26 i 1899 21,917,740 3°04 
Austria-Hungary .e ee «| 1898 | 3,400,485 4°05 | 1898 37,786,963 5°23 
Russia .. se of of ef 1897 4,107,470 | 4°89 1898 12,862,033 1°7 
Sweden e se ss o. «.| 1898 2,302,914 | 2°74 | 1898 236,277 "03 
Spain se oe ee ++ e 1899 | 9,234,302 10°98 1899 2,742,389 38 
Itay = on ee oe .o >.) «=: 1898 201,260 "24 «+ 1898 341,327 "05 
Canada .. es «+ «+ «| 1899 68,891 08 | 1899 4,076,779 57 
Cüba es cae eo. cae “| side 368,759 | r we ud aa 
South African Republic ..:  .. a ee | 1898 1,938,424 ‘27 
Natal’ 2%. we. “age 48 ax! aw. J ws S 1898 387,811 "05 
India s. ne ee ue ee, 1897 | 43,314 | 05} 1898 4,136,813 “57 
Greece .. se se eo oj 1898 485,159 "58 l 1898 | 17,310 Se 
New South Wales oe 1897 | 234 ee i| 1899 4,597,028 "64 
Other Australasia., 2...) oe de .. || 1898 | 1,601,968 "22 
Japan se as oe we os| 1896 27,421 o3 | 1897 | 5,647,751 78 
Algeria .. .. «, .. -f 1898 473,569 56 : 1898 | 200 oe 
Other countries (about) ..| 1899 1,234,855 1°47 1899 | 4,849.380 67 

Total .. oe 84,064,000 100°00 | ie 722,245,000 100°00 


THE WORLD’S PRODUCTION OF IRON ORE 
AND COAL.* 


The above Table gives the production 
of iron ore and coal in all countries in 
1899, or for the latest year for which com- 
plete statistics are available. English tons of 
2,240 pounds are used in giving the produc- 
tion of the United States, Great Britain, 
Canada, Cuba, India, Natal, Australasia, and 


a ee 


* Report of the American Iron and Steel Association for 
1899. 


metric tons of 2,20} pounds are used for all 
other countries, the latter being used as the 
equivalent of English tons in ascertaining the 
total production of all countries. As far as 
possible the statistics given have been obtained 
from official sources. 

To the above the following later figures of 
coal production may be added :— 


Year. Production. 
1900 .. 5,507,000 tons. 


Country. 
New South Wales .. 


For the purpose of comparison with the esti- 
mates of where the coal goes, the following 
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facts may be cited for 1869, when we raised Increase of Home Consumption. 
316 tons per man employed, as compared with — 
302 tons per man in 1899, and employed Amount Bee 
i i i 883. . of In- | centage 
345,446 men in mines as compared with our Caini A aA À 1o. ee tag 
700,000 to-day. Tons. Tons. | 1F=1,000 | crease. 
Tons, Pr. cent 
Sfatistics for 1869. Ji 
United Kingdom ...| 134,306 | 164,277 29,971 22°3 
000,000 tons 
Germany .........00005. 48,419 93,899 45,480 93°9 
Exports to Ireland ......eseeeeee 2°4 France ......cc0-cccesees 30,828 42,887 12,059 39°! 
Exports Abroad.....cce--ccscceese 10°74 Belgium .........:000 14,042 18,349 4,307 39°6 
Domestic use .....sccccsccccceces ae © | ao Sao ee eee s E Oe :e 2,330 4,429 ee goo 
St Gs ate 3 mo N m : ustria- Hungary 9,813 17,171 7135 74% 
Rail navigation; including STAY 3 28 Russia ...ccc0...ccenes 6,226 15,114 8,888 |! 142°7 
WAYS wcccrevccevecccveecvsese 2°03 Sweden a a 1,186 2,694 1,508 127°1I 
Gas eot CHOCO oeoo OH OH oo ROH ROE e 6°31 India oyieccivderasicceeiian 2,028 4657 2,629 129°6 
Waterworks ee enecens eoeevegveccece I'S Canada ..........00s008+ 3,059 6,625 3,566 116°5 
Manufacturing pig iron..... MEE 10°34 X South Wales ge “a oes 
. g ictoria eessen 3 5 419 100° 
Par S and MOEN sce eee etn Le S. & W. Australia... 136 484 348 255°9 
Collieries. Coeeeeeesernsece oovcaceoe 6 71 Queensland BO ck sen 135 427 292 216'2 
Manufactures ........ T E E New Zealand ......... 545 957 412 75'5 
Cape of Good Hope 63 385 322 sırt 
Total . se... 107°44 Natal nainen 10 262 252 2°520°0 
United States......... 102,570 | 214,412 | 111,842 109°0 
JAPAN sis; crosctvaievianns 623 3,184 2,531 406°? 
In 1889, Mr. Mulhall placed the distribution 
as follows :—Factories, 55 m. tons; domestic 
use, 40 m. tons ; railways and steamers, 20 m. INDIA. 


tons; mines, 13 m. tons; and export, 29 m. 
‘tons. 

The following Tables of home production 
and consumption of coal and their growth 
since 1883 are from the Coal Merchant and 
Shipper. They are conclusive as showing 
that in every country the rise in prices was not 
due to any slackening in production but to 
a rise in population and increased consump- 
tion per head of population. 


increase of Home Production. 


1883. 1899. Increase 
Country. 1=1,000 | 1=1,000 | inx 
ons. Tons. | Per cent. 
United Kingdom ... ...... 163,737 | 220,085 34°4 
India .. j 1,315 4,604 250°! 
Canada i a 1,8¢6 4,566 152'8 
New South Wales Tie ER 2,521 4,706 86°6 
Victoria ... ... daa? “Ad 2) 343 | 48,500°0 
S. and W. Australia ate ay — 10 10°0 
Queensland 105 408 2885 
Tasmania... 9 49 444°4 
New Zealand.. dea wee 422 907 114'9 
Cape of Good Hope ie wei Q 192 | 2,033°3 
Natal... 10 388 3,780°0 
Germany .. | 55,943 | 101,622 81°8 
France 20759 32,331 55°0 
Belgium ... . | 18,178 21,918 20°§ 
Spain... winds’ wie | 1,044 2,672 154°9 
Austria-Hungary: Saw Derd das | 8,087 | 12,186 50°6 
Russia An | 3,904 12,185 207°3 
Sweden Si Meee. Shes sone - 4 153 236 54°2 
United States... A 102,868 | 230,0c0 124'5 
Japan... m | 1,003 ! 5,500 | 4483 
Other eoantnes 2,500 | 4,800 92°0 


Professor Wyndham R. Dunstan’s ‘“ Report 
on the Coal Supply of India’’ (1898), deals 
exhaustively with the subject of Indian coal, 
which is the cheapest in the world per ton. 
At the time of the Report, Bengal produced 
more than three-fourths of the supply, and the 
seams in Bengal and Assam are frequently 
from 50 and 80 to as much as 18o feet in 
thickness. As is the case in most parts of the 
world, the coal varies very much in composition 
and quality, and while most samples are suit- 
able for ordinary purposes, ‘‘ certain of those 
from Bengal and Central India are of excellent 
quality, equal to that of some of the best 
British coals.” As showing how Indian coal 
is supplanting imported coal, I may cite the 
following Table from the Railway News 


October 27, 1900 :— 


Years. 


1899.4... 
1898,..... 
1897 pricas 
1896,..... 
1895 ..00-- 
189400008 
1893.0000: 
1892...00.. 
18O... o. 
1890.. .... 


English. 


Tons. 
79511 
375551 
47,983 
106,599 
145,213 
127,520 
178,656 
204,603 
216,822 
174,302 


Indian. 


Tons. 
1,548,392 
1,414,243 
1,324,282 
1,174,039 
1,116,481 
1,059,158 

919,943 
875,996 
782,664 
638,218 


Total. 


Tons. 
19,29, 365¢ 
1,451,794 
1,371,965 
1,280,638 
1,261,694 
1,186,678 
1,098,599 
1,080,590 
1,036,498 

839,598 
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The following Table illustrates the growth of 
coal production in India. The average value 
of the annual output of coal is calculated at 
the local wholesale selling prices :— 


314 


_ Average 
Year. _ Production, Value. Valuc. eas 
l for year. 
| Tons. Rs. 8. d. | 
1880...... 1,019,793| .. | oa | 
1890...... | 2,168,500 | 4 9h* 
1893...... | 2,257,992 4 we), 
1894......! 2,447,200; .. 9 4 ot: 2, 
1895......6/ 3,126,426, 3°64 | 4 O57 ' 1344d 
1896......, 3,468,946 | 3°18 3 9'96 | I4ygd 
E897... 35725799 | 3°07 3 ICQI | I5z34 
1898.. s.e] 4,075,632; 3:11 | 4 1°76 | 16 d 
1899...... 4,937,000 4 2'60 | 165d 


* At pit's mouth. 


Table to show Increase of Coal Froduction through- 
out the British Empire. ' 


188s. 1899. 
Tons. Tons. 
United Kingdom .. 159,351,000 .... 220,095,000 
India .......06002 1,294,0CO 4... 4,937,000 
Australia.....seee2 3,096,000 .... 5,451,000 
New Zealand ...... 511,000 .... 97 5,0C0 
Canada* .......... 1,879,000 .... 5,047,000 
Cape of Good Hope 
and Natal® ...... 16,000 e.o 533,000 


e Tons of 2,000 lbs. 


Excluding the Transvaal the British Colonies pro- 
duced 6,796,000 tons in 1885, and 16,939,000 tons in 
1899. 


It is difficult to obtain any reliable estimates 
of the world’s coal areas, and the following 
incomplete Table, compiled from various 
sources, is put forward with all reserve :— 


THE WoRLpD’s COAL SUPPLY. 
The British Empire. 


Area of Coal Re- {Present 
Field sources in [Output 
in square million an 
miles. tons. million 
tons. 
Great Britain...... 9,000 82,000* | 224 
Canada (KERE ZEXEK 100,000 nent — 
India eeeceneeeenenes 35,000 oars 5 
New South Wales..} 24,000 60,000 5'5 
Queensland.. ......| 14,000 — — 
Transvaal ........ — 


15,000 | — 


* Professor Hull's estimate (above 4,000 feet depth and one 
two fect width of seam). 


Foreign Countries. 


Area of | Coal Re- |Present 

Field souas in “pas 

in square million million 
miles. tons. tons 
Ths Far East......| 200,000 i 9 
United States,.....' 195,400 — 230 
Russia..... eecesse| 27,000 = I2 
Germany........ «e| . 3,600 | 112,000 | 136 
France.... ee@ee @@ oe 1,800 18,000 3I 
Belgium eoeevon eee ezai 15,000 22 


Austria-Hungary .. aes 
Spain eeooovuveaeeee te — —_— 


COAL PRODUCTION OF SOUTH AFRICA. 


Transvaal, 

Average price per ton. 
Year. In oco tons. s. d. 
1803 essee 549 s.s... 9 4h 
1894 socece SOL se... Q IẸ 
1808. Sakon la aeara 9 1} 
1896 eese 1,437 sä 8 6} 
1897 sesese 1,600 saati . 7 8 
1898 seseo 1,908 sesse 7 O 

Natal 

Average price pcr ton. 
Year. In 000 tons. s. d. 
1893 ....056 30 irn I0 O 
1894 ...... II .e.ee. TO O 
18905 essee 158 a... IO O 
18906 sss ZIG? aori IO O 
1897 eeso 243 .ssses IO O 
IBOS seses 388 1.2.52. 9 O 

Cape Colony.— The production is small, 


but has risen from 86,595 tons in 1895 to 
191,858 tons in 1898, measuring in tons o 
2,000 lbs., and the price in 1898 was 14s. 2d. 
per ton. 


_ COAL PRODUCTION OF CANADA. 


Coal Produced. 


Viar dverage Price. 


Tons cf 200 lbs. d 
1886 (TEREE) 2,116,653 eeoeoeve í 3 
1895 eesese 3,478,344 ..... . 80 
1899 .....e 5,047,000 ...... 8 3 

QUEENSLAND. 


The production is steadily rising every year, 
and in 1898 amounted to 408,000 tons at 7s. §d. 
per ton, the price having fallen from gs. 6d. in 
1893. 

NEW ZEALAND. 


aay. Coal Tr odocon Arraga M alue. 
1893 esseee 691,548 se ae © I 
~— 1894 wo eee e 719,546 1.2.06. IE O 
IBOS esee 726,654 gasses II I 
1896 ...... 792,851 .eeoee IO IO 
1897 ..... - 840,713 ...... IO O 


1898 ...... 


907,033 @e@reee ) fe) Oo 
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VICTORIA. 


The quantity produced is steadily rising, 
having been 14,601 tons in 1890, at I9gs. per 
ton, and 242,860 tons in 1898, at 8s. 6d. per 
ton, these quantities being exclusive of brown 
coal or lignite. Mr. Jas. Stirling, lecturing on 
the ‘‘Coal Resources of Victoria,” at the 
Imperial Institute, estimated that there were 
vast quantities of coal in Victoria, and not less 
thar 31,144 million tons of brown coal in the 
Latrobe Valley. 


New SOUTH WALES. 


The Government Geologist estimates the 
coal down to a depth of 4,000 feet, and in- 
cluding seams less than 30 inches thick at 
78,198 million tons. 


Price. 
Year. Tons produced. s d. 
1883 eesse 2,521,457 »e.... 9 6 
1803 ....so 3,278,328 “cata 7 2 
1894 .eeeee 3,672,076 esee 6 4 
18905 eseese 3,738,589 seses 5 IO 
1896 eesse 3,909,517 sses. 5 9 
1897 s.. 4,383,592 sesse § 7 
18908 eese 4,706,251 e. 5 5 
1899 ...... 4,597,028 essso 5 
1900 .....e 5,510,000 essee 4% 


The above ee are exclusive of coal con- 
verted into coke, for which I have not got the 
figures. It is usual to estimate 60 tons of coke 
as equivalent to 100 tons of coal. The manu- 
facture of coke in New South Wales was 
started in 1890. 


SUMMARY OF AUSTRALASIA FOR R1999; 


| 


E 
| 


ei 3 34 
a2 | ce | es ® g 
ES | we | BR & 
<7 | ES | 5°) <5 
va | (mM E 
g | am 0 
Queensland..........| 668 513 2,800 | 494 
New South Wales...) 311 | 1,357 | 2,811 | 4,597 
Victoria ...... ceses] Ob [1,163 [3,127 | 262 
South Australia...... 380 366 | 1,723 | | — 
Northern Territory. ..| 524 5| 145 | an 
West Australia ...... 976 171 | 1,355 | 3 
Tasmania............ 26 182| 445; 43 
New Zealand........ 104 790 as a: 2,104 975 


en m ne ee ee 


The above Table shows how small is the 
proportion of railway mileage to the areas of 
the coal-producing colonies, and coal pro- 
duction may be expected to increase as trans- 
port facilities aze provided and population 
flocks in. 
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DISCUSSION. 


Sir ROBERT GIFFEN, K.C.B., LL.D., F.R.S., 
said he had no doubt all had listened with very great 
interest to the elaborate paper of Lieutenant Bellairs, 
though it did not seem to be precisely the paper he 
should have expected to hear at a meeting of the 
Colonial Section of the Society, inasmuch as more 
had been said of the coal trade of the United King- 
dom than that of the Colonies. However, their thanks 
were due to Lieutenant Bellairs for having brought 
before them such an interesting subject. One of the 
points of most interest to himself was the importance 
of the coal trade to the shipping industry, a fact of 
which he had been aware for many years, and which 
hed been brought very forcibly before them by Lieut- 
enant Bellairs. No doubt the coal trade was the one 
important trade for the shipping of the United 
Kingdom. It gave greater employment to the 
shipping than any other industry did, and brought 
many more ships from all parts of the world to 
this country than would otherwise come. Vessels 
came to European ports laden with grain from 
California and other places, and before returning 
to those ports for further cargoes of grain they came 
to Cardiff and other ports of this country for coal. 
While the outward cargo was coal from here, the 
inward cargo did not always come back to the 
United Kingdom, but sometimes went to Con- 
tinental ports. This had been going on for a good 
many years past, but it did not follow that it would 
continue indefinitely. Changes were constantly 
occurring. During the last 200 years five or six 
things had been at different periods regarded as the 
essential condition of English prosperity. In former 
times great authorities had described the growth of 
wool as the one condition of national greatness ; 
later very distinguished authors said woollen manu- 
facture was the thing; then, again, the cotton 
industry, and, still later, iron and steel manufacture 
had been referred to in the same way, while 
at the present moment they might be inclined 
to put the production of coal and the connected 
interest of shipping as the great factors of English 
prosperity and its backbone. If they were to follow 
the examples of the many distinguished authors 
referred to, he should be inclined to say that with 
those factors becoming less important English 
prosperity would diminish. On general principles, 
however, we could afhrm that it was quite impos- 
sible to foresee what the conditions of prosperity 
would be a generation or two hence. They could 
not know that the conditions of production, distri- 
bution, and invention throughout the world would 
in coming times be such as to make coal produc- 
tion and shipping as indispensable as they were at 
present. Referring to the statement constantly made 
that commercial competition is warfare, Sir Robert 
Giffen said in a certain sense that was true. There 
was, however, at least this important distinction 
between that and the kind of war between nations 
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which really involved the use of armies and navies, 
namely, that under the form of competition all 
nations and all peoples were really engaged in a 
work of co-operation. In the midśt of all this com- 
petition between one and another country, he 
believed there was real co-operation by which every 
nation would be benefited, although some might 
derive more benefit than others. 


Sir JOHN C. R. Cotoms, K.C.M.G., M.P., said 
the reader of the paper had been, as usual, extremely 
thorough and exhaustive in his enquiries, but he (the 
speaker) concurred with Sir Robert Giffen in wishing 
that we had been told more about the outlying coal 
of the Empire, and its rise and progress. The com- 
bined coal export from Canada and Australia, which 
was nil at the time of the Crimea, was now nearly 
double what the total export from the United 
Kingdom then was. The rapidity of the develop- 
ment of exported coal from the outlying parts of tre 
Empire was more extraordinary than the develop- 
ment of the United Kingdom export. He noticed 
that Lieutenant Bellairs dwelt very strongly upon the 
connection of coal and iron with the production of 
our fleet. That was a point very interesting to him 
(Sir J. Colomb), and he considered it to be a matter 
which could not be too much examined. He agreed 
with Lieut. Bellairs that in defending this Empire we 
had now nearly reached the limit of the United King- 

‘dom to keep pace with other Powers in combination. 
It all pointed to this, that we could not go on much 
onger trying to defend the Empire with the re- 
sources of this island alone; therefore, it became 
necessary to examine the natural resources of the 
Empire outside the United Kingdom. He thought 
the paper extremely interesting where the contiguity 
of coal and iron in our outside possessions was re- 
ferred to. To produce a combination of the resources 
of the Empire required in the first place popular 
knowledge, because that combination was mostly 
brought about by utilising the natural resources 
found in the Empire by co-operation in all its parts. 
Taking the figures of coal and iron, all had to recog- 
nise that, in regard to the machinery of war, we must 
face a decentralisation of our productive power. It 
was a mistake to act on the supposition that British 
ships were always going to be produced in the 
United Kingdom only. 
take steps, where climatic conditions were favour- 
able, and where coal and iron existed, to begin a 
co-operative system by which ships could be built and 
ammunition produced in our colonies. He looked 
upon Imperial Federation for defence as the only 
means by which all the resources of the British 
Empire could be utilised in the event of our having to 
defend it. 


Sir THOMAS WRIGHTSON, Bart., M.P., said he 
gathered from Lieutenant Bellairs’s statement as to 
the exhaustion of this country, that he did not 
attach much imnortance to the continuance of the 


It was now about time to | 


use of the lower qualities of coal, and that there 
would be no great object in restricting the export 
of those qualities of coal in order to husband it 
for future generations. He (Sir T. Wrightson) 
entirely agreed with that, and also with making 


‘an exception of the particular kind of coal which 


Wales supplied for naval purposes. The smoke- 
less coal of Wales cculd not be bettered, and as the 
area of that coal was restricted, he thought the sug- 
gestion that the Government should take steps to get 
it into their own hands, was a very valuable one. If 
that were done, the country would be for many years 
secure in possessing for its own purposes the very 
large quantity of good coal now supplied to foreign 
navies. Lieutenant Bellairs had alluded to the effect 
of the shilling tax upon the coal trade with the Baltic 
and Scandinavian ports. He said that one shilling 
per ton was the difference between the value of the 
coal sent from the north of England and that supplied 
by the Westphalian fields. He (Sir T. Wrightson) 
was a coalowner in Northumberland, and he and 
other coalowners had had a very considerable contest 
with the German coal masters. Through the competi- 
tion of America, Australia, Japan, and India, the 
colliery owners in the north country had gradually 
been driven from various parts of the world, and had 
been compelled to find their markets in Scandinavia 
and the Baltic, and then they had a great difficulty to 
get contracts owing to there being only a difference 
of 2d. and 3d. per ton between them and their com- 
petitors. It was a great source of anxiety to the 
Northumbrians to know what the effect of this one 
shilling per ton duty would have upon their 
power to get orders. The new duty would 
enable German competitors to put something on to 
the price which they asked, and then (which was 
more important) they would be able, at once, to work 
full time in their collieries, which they had not 
hitherto done. Everyone in the coal trade knew 
very well that the cost of producing coal depended 
largely upon the working days that came into the 
fortnight. If at full work they would be producing 
at the minimum price, and if at half-work they might 
be producing at aloss. Thus, the assistance the coal 
tax would give to foreign competitors would be very 
considerable. The coalowner in Northumberland 
was handicapped in exactly the reverse way, because 
he would get a reduction of his output, which 
meant an increase of his cost. That was a point 
which every coalowner was perfectly familiar with, 
though he had not heard it stated in the House of 
Commons. 


Admiral the Hon. Sir EbMUND R. FREMANTLE, 
G.C.B., C.M.G., said he was very much struck with the 
way in which Lieutenant Bellairs put everything upon 
coal, and notwithstanding what fcll from Sir Robert 
Giffen, he thought that for the present the former was 
right. A great deal did depend upon coal, which was in 
great demand for everything which produced power 
all over the world, whether good, bad, or indifferent. 
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He thought Sir Robert looked a long way forward, 
and, looking forward, it must certainly be said that 
possibly in two generations hence coal might have 
lost a great deal of its power. Other materials, such 
as petroleum, &c., might take the place of coal, and 
if that proved to be the case the country need not be 
so very much afraid of the exhaustion of its coal 
mines. At the same time, it had struck him, from 
the naval point of view, that it was important 
that we should be able to keep such coal 
as that of Cardiff for the benefit, not only of 
our manufacturers, but for our sea trade. The 
Frenchman always wanted Cardiff coal, and, no 
doubt, Lord Brassey would recollect the time when 
what was known as ‘‘ Baxter’s mixture ” (with which 
there was not the absence of smoke as with Welsh 
coal) was composed of one-third north country coal, 
and two-thirds Welsh. On leaving harbour, before 
the fires had well bumt, it was impossible for signals 
to be seen on cccount of the smoke, but afterwards, 
to use the words of Admiral Hornby, ‘the nuisance 
was not insufferable.” He was glad to hear, when 
he was in China, that coal found in Westport, New 
Zealand, was reported to be almost equal to Welsh. 
The reports as to all other coal being so very inferior 
to the Welsh steam coal, however, made him feel sure 
that the last named would be predominant, and that 
whatever the export duty might be (unless it was 
very large indeed), there would always be a demand 
for it. He entirely agreed with Sir John Colomb 
that if the Empire is to be upheld the whole of the 
Colonies should assist to pay the piper. He believed 
that in everyone of the Colonies there was a surpius 
for the last year, whereas it was well known that the 
United Kingdom had a very large deficit. 


Professor WYNDHAM R. DUNSTAN, F.R.S., said 
he came there as a scientific man who had had a great 
deal to do with coal, and he had been very much 
interested in the paper. He, too, had hoped that 
some reference would have been made by Lieutenant 
Bellairs to what Sir Robert Giffen and Sir John 
Colomb had spoken of, namely, the coal supply 
of our colonies, including India. 
at the request of the (Government of India, he 
(Professor Dunstan) made an examination of a 
large number of samples of Indian coal, and he and 
many others were astonished at the enormous re- 
sources that country possessed in coal of excellent 
quality. Very little was known of the actual 
extent or quality of the coal of many of our colonies, 
and little had been done by the Government to pro- 
mote the acquisition of that knowledge. Lately he 
had examined a number of samples of South and 
Central African coal, as to which there at present 
appeared to be little known in regard to the extent 
and quality of the supply. We ought to possess a 
more accurate knowledge of the capabilities of the 
coal production of the Empire. It should be 
obtained through the instrumentality of the 
Government, and a comprehensive report made, 


Some years ago, © 


As to the question of local coal for coaling 
stations, it had always struck him as remarkable that 
a considerable quantity of coal was sent all the way to 
Colombo from this country for the use of steamships, 
while quite near at hand was India, where there must 
be a very large amount of suitable coal available 
for the purpose. He had been informed by a 
Ceylon official that efforts had been made to use 
Indian coal, and lately there had been an increase in 
the amount obtained from India. With reference 
to what was said by Sir Edmund Fremantle as 
to New Zealand coal, he (Professor Dunstan) had 
been informed that there were large deposits of 
steam coal in the Colony, the particulars of which 
were very little known in this country. The further 
one looked into the matter the more one became 
impressed with the necessity for a Government 
enquiry being made, the question being of consider- 
able commercial and naval importance. 


Mr. F. L. DAvis said he happened to be a coal- 
owner, and anything that coalowners said was not 
believed by the Chancellor of the Exchequer or the 
Press. He was the managing director of one of the 
largest steam coal collieries in South Wales, and he 
considered that that coal was second to none. They 
were always told that its price was more than the 
price of any other, but he would point out that the 
cost of procuring it was higher. Our coal cost from 
IIs. to 12s. per ton at the pit’s mouth, whereas in 
America, the Pocohontas coal was sent some 370 
miles to the coast, then put free on board, and sold 

8s. per ton, on which sum a profit was obtained. 
It had been said that we had no foreign competition, 
but the instance he had now given disproved that at 
once. One thing to be considered in this country 
was the question of railway rates in reference to 
the coal trade; for he failed to see how we could 
compete with the American railway companies in the 
coal trade, now that our railway rates were so high. 
Then, again, it had been a marvel to him for many 
years that no Government had seen fit to acquire a 
large portion of the very best South Wales coal. 
This was certainly not a political meeting, but as so 
many promises had been made by various Govern- 
ments on the coal question, which had not been 
carried out, he could not refrain from remarking upon 
the increase in the cost of working the coal. Instead 
of fostering the trade, for the last twelve years every- 
thing appeared to have been done to hamper it, and 
now that there was keener competition with the 
whole of the world, the sum of one shilling per ton 
had been put on export coal. To him that appeared 
to be national suicide. He was one of the coal- 
owners who were said to have made enormous profits. 
Upon that he would say that his colliery turned out 
one and a half million tons per year, and the profit on 
the whole output during the last ten years had 
amounted to the sum of ninepence per ton. 


Sir EDMUND FREMANTLE asked what was the 
quality of that coal ? 
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Mr. DAvis replied that it was what was known as 
Ferndale coal. 


Sir E. FREMANTLE—And what is the quality of 
the Pocohontas coal ? 


Mr. DAVIS said that it was a first-rate coal, and he 
had been informed that it was nearly as good as 
Welsh coal, that was if it could be taken at once into 
the bunkers. If, however, it was much handled, such 
as being taken on to lighters, &c., and blown about 
in its transhipment, the fact of 7o per cent. of it 
being very small would result in 20 or 25 per cent. 
being lost. 


Sir CHARLES CECIL STEVENS, K.C.S.L, said 
that as a wish had been expressed for some infor- 
mation on the subject of the Indian coal trade, he 
would take upon himself to say a few words 
on this subject, the result of his experience as 
Chairman of the Port Commissioners of Calcutta. 
The export trade from Calcutta, which he believed 
was the only port in India that had any such trade, 
had grown up entirely during the past six years, and 
the quantity exported, including bunker coal, now 
amounted to about 1,700,000 tons. Before the 
speaker resigned his office, some 34 years ago, the 
Port Commissioners had to provide some special 
accommodation; but the need increased even more 
rapidly than had been anticipated, and further 
measures were being undertaken. The Indian coal 
was exported to countries as far as Suez on the west, 
and the Straits Settlement on the east. The western 
boundary was fixed by the Suez Canal with its dues, 
while at the eastern limit the competition of Japan 
came in. It had been suggested that Indian coal 
might well be sent to Ceylon. As a fact, the exports 
to that island have already exceeded 300,000 tons per 
annum. The best customer for Bengal coal, how- 
ever, is Bombay, which in 1900 took over 800,000 
tons. Exports have estimated that in the near future 
the total exports from Calcutta are likely to reach 
two and a half or three million tons, but not to 
exceed these figures much. There was no doubt that 
in India there are large quantities of coal of good 
quality, and that, as carrying facilities are developed, 
the local consumption will increase as well as the 
exports. 


The CHAIRMAN, in proposing a vote of thanks to 
Lieutenant Bellairs fur his valuable paper, com- 
plimented him upon the assiduity with which he had 
worked up his subject, and assured him that what 
he had written would be widely read with deep 
interest and great public advantage. In common 
with others he (the Chairman) was unaware until the 
eve of the meeting that they would have brought 
before them a matter which was at the present time 
rather prominent in the field of political controversy. 
As representing the Society of Arts, which was 
essentially a non-political body, he felt it imperative 
to be silent on that part of the paper which touched 
upon the domain of controversy. He thanked the 


speakers who followed Lieutenant Bellairs and 
added valuable contributions to the discussion- 
All must be glad to be assured that there 
was no reason to apprehend a general paralysis 
of industry through the exhaustion of the world’s 
supply of coal. We were not at all at the end of our 
supply in this country, and all must view with the 
greatest satisfaction the constant discovery of coal 
and the sources which were opening up elsewhere, 
and more particularly within the limits of the Bntish 
Empire. It was very interesting, for instance, to 
hear of the coal supply of India. Al were aware of 
the extensive supplies which were to be found m 
Nova Scotia, Australia, and elsewhere, and they 
would be taking a narrow view if they did not 
believe that new sourees were also cropping up 
beyond the Empire. He agreed that it would be 
of advantage to the statesman and the economist #f 
such an enquiry took place as Professor Dunstan 
recommended; and he would be glad if the inquiry 
by a Royal Commission, which was made some 
years ago, into the tources of supply in our 
own country, were once more undertaken as to 
the sources of supply in Greater Britain. He 
was sure that they would be satisfactory and re- 
assuring. As an old naval administrator he could 
not but feel a deep interest in the suggestion which 
Lieutenant Bellairs made with regard to an assured 
source of supply for the best steam coal for the navy, 
by purchasing coal-pits in South Wales. He (the 
Chairman) was interested in one of those pits, and, no 
doubt, upon terms they would be glad to meet any 
approaches made by the Admiralty. It was difficult 
to know how to put, in a satisfactory way, a value 
upon a coal-pit. The little knowledge of mining 
which he possessed impressed him with the belief 
that with regard to mineral wealth they could only 
believe in what could actually be seen. What was 
not seen was in the realms unknown. Apart from 
that question, as to the value of the terms upon 
which the negotiations should be carried out, all 
ought to be impressed with the conviction that it 
would be an addition to our naval strength if we were 
assured of having under our control an adequate 
supply of steam coal, and better steam coal than 
could be at the disposal of any other naval power. 
That would be an advantage to the British navy, 
which he was sure all would be glad to see it possess. 


The resolution was unanimously adopted. 


Lieut. BELIAIRS, in reply, expressed his thanks to 
Lord Brassey for having presided, and to Sir Robert 
Giffen, Sir John Colomb, and the other speakers for 
their criticism. He explained, in reference to its 
having been stated that he dealt more particularly 
with the coal supply of the United Kingdom, and 
not sufficiently with that of the Empire at large, that 
there was a vast amount of matter in his paper which 
he had refrained from reading, but which (especially 
in the appendix) related to that very subject. 
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Mr. SIDNEY F. WALKER writes :— 

One of the reasons why the general public view 
with complacency the placing a tax upon coal, in 
direct opposition to the principles which have ruled 
our fiscal policy for the last fifty odd years is the 
feeling that has been disseminated so frequently that 
we are giving away the national wealth, in giving the 
foreigner our coal at too cheap a rate. In addition 
to this there is a feeling that the foreigner must have 
our coal whether he likes or not, and that the only 
question for our consideration is at what price we 
shall allow him to have it. There is also a feeling 
that coalowners as a body have had a very good 
time lately, at the nation’s expense, and that they 
can well afford to contribnte to the cost of the 
nation’s war. 

As in so many other cases, there is the usual substra- 
tum of truth underlying the first two assumptions. 

Our coal beds do form part of the nation’s wealth, 
and the foreigner does buy a large quantity of the 
proceeds of our collieries, and further it is of great 
importance for him to have a good supply of one of 
our coal products, the South Wales steam coal, if 
there is any possibility of his being engaged in war. 

But the wealth present in our coal seams is rather 
of that nature which should be realised while the 
market is open than of that which acquires value by 
keeping; and though the foreigner is willing to buy 
our coal, he will only do so at a certain price, and at 
a price which is constantly lowering. We 
were the first to open out our coal fields, and we 
have reaped the full benefit of being the first in the 
market, but coal exists in every part of the world, and 
is rapidly being brought into marketable form, every 
occasion when there is any difficulty in obtaining 
our coal adding to the supplies which are brought 
into the market to compete with us. 

Only the South Wales steam coal remains at 
present without a rival, and that solely on account 
of its property of emitting no smoke. When nations 
are at war, this quality is of the very utmost value. 
A ship whose upper works are below the horizon is 
out of the sight of a hostile ship, if she burns smoke- 
less coal. If she burns ordinary coal, the long column 
of smoke reveals her presence for a long distance 
further. It is stated that if the Japanese fleet had 
burned smokeless coal, its success at the battle of 
The Yalu would have been very much more complete, 
as they would have taken the Chinese fleet by surprise. 

But it is hard to suppose that, while coal of every 
kind has been produced in every part of the globe, it 
can possibly be that only in one very small corner has 
smokelesscoal been produced. It is more than probable 
that as the foreign coal seams are opened out, some of 
them will be found to possess the same properties. 

But the above only represents a small portion of 
the argument against restricting the sale of coal. 
The development of transmission of energy by electric 
currents has completely revolutionised the conditions 
of the problem. Coal is only one of the many sources 
of energy which are available for the production of 
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light, heat and power. Every day the sun delivers 
enormous quantities of energy to the water which it 
evaporates from the surface of the ocean, rivers, and 
the earth itself, and though only a portion of that 
energy can be made use of, sufficient remains to pro- 
vide the whole world with all it requires in every 
form, if properly utilised. Already the nations on 
the Continent and America are making large use of 
this source of energy. India and our Colonies are 
doing the same. Further, other sources of energy are 
gradually coming into use, or will do. The wind 
blowing over certain portions of the earth provides a 


- constant supply of energy, the sun in the tropics pro- 


vides another, and this is already being made use of 
in California, for generating steam in a steam boiler, 
the sun’s rays being concentrated on the boiler by 
means of a large mirror. The enormous power of 
the tides has not yet been touched, as no inventor 
has been able to overcome the grave difficulties in the 
way of their utilisation, but very much more difficult 
problems than that have been successfully solved 
during the last twenty years, and there is no reason 
to suppose that this problem will not be solved in its 
turn. The great point of all this is the fact that with 
electrical transmission the power can be generated 
where it is convenient, and used where it is con- 
venient. As the President of the Institute of 
Mechanical Engineers said in his presidential address, 
the transmission by means of currents passing in an 
electrital conductor corresponds to the transport of 
coal in wagons, and it can be taken from anywhere to 
anywhere. The power of Niagara is already trans- 
mitted to the city of Buffalo, a distance of 23 miles, 
and much greater distances have been bridged. There 
is no reason that the energy of a waterfall in the 
north of Scotland should not be used at the Lands 
End, or even the energy of Niagara in this country ; 
the questions involved are merely matters of detail, 
some of them difficult, but none more difficult than 
many that have already been dealt with. 

And there is another point. While this country 
is poor in waterfalls, in convenient sources of wind 
power, and in sunshine, other countries are rich in al? 
of them. They continue to take our coal because the 
arrangements take time to develop, but they are 
developing very rapidly, and our cue should be to 
sell them every ton we can possibly persuade 
them to buy, while their market is open. A fine 
of £2,000,000 per annum is the most likely thing 
to stimulate the ardour of their inventors. Even 
supposing that no coal is found with smokeless 
qualities, it does not follow that our possible 
antagonists will be obliged to buy from us for long. 
The time is not very far distant when battleships will 
be driven across the Atlantic by electric currents 
furnished by accumulators. The problem in this 
case is a difficult one. The successful application 
of electric power to driving ships across the ocean 
depends upon the successful construction of an 
accumulator which will store sufficient energy to 
drive a ship across the Atlantic, and such an 
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when after Mr. John Ferguson’s graphic paper on 
Colombo, the Committee of the Indian Section of 
the Society of Arts resolved to obtain similar papers 
on Calcutta, Madras, and Bombay, Mr. Forrest 
was at once invited to undertake the paper on Bom- 
bay. It would have been a very trying ordeal for 
him to follow so soon after Mr. Rees, whose brilliant 
paper on Madras was the most enthusiastic and 
captivating ever delivered before the Section, but 
that the manner in which Mr. Rees was under the 
necessity of dealing with his subject renders it im- 
possible to institute any comparison between him and 
Mr. Forrest. Mr. Rees simply ignored Madras, for 
in truth there is no city of Madras, but only an 
obsolescent maritime cantonment, with no future, 
and consequently no past of the slightest interest. 
Mr. Rees, therefore, making a virtue of his necessity, 
treated of the Southern Presidency generally, en- 
larging on its landscape, and expatiating on the 
virtues of its tigers, and cobras, and other cruel 
forms of primæval life. But the past of Bombay is 
of the deepest and universal interest, not only with 
reference to its prophetic significance, but in itself; 
for as the modern representative of mediæval Tannah, 
and ancient Kalyan, it has an immemorial history of 
commercial command, political authority, and 
religious supremacy. Mr. Forrest has, therefore, 
been able to restrict his paper, and the content of 
his audience, to the Town and Island of Bombay. 
He had indeed no excuse to go beyond them, for the 
Presidency of Madras is but a continuation or fag end, 
and literally—if it be not disgracious to say so,—the 
offscourings of the Presidency of Bombay; and, 
therefore, what Mr. Rees so eloquently said of the 
physiography, flora and fauna of Madras relieved Mr. 
Forrest of any obligation to appraise the natural 
glories of Western India. The whole Deccan, with 
all Hindustan, exclusive of the valley of the Indus, 
may bs regarded as physically and commercially, and, 
n the last result, politically, as but the “ hinterland ” 
of tue Town and Island of Bombay. They are still 
half mythical regions, ‘‘ the world’s green end,” “ the 
abodes of the blameless Zthiops,” and ‘ the dancing 
places of the Aurora, the mother of the Dawn, and 
of the risings of the sun;” very picturesque indeed, 
and very poetical, but they nowhere provide the 
offensive and defensive strongholds of a widely 
extended and mighty transmarine commercial Empire. 
Bombay can never be silted up as Tannah and 
Kalyan higher up the same river, successively were ; 
and as Kurrachee is continually being silted up in 
spite of every effort to keep the port way clear; and, 
therefore, Bombay will always remain the accessible, 
commodious, and safe harbour it has ever been, and 
predominant over all others throughout the Indian 
Ocean. If only the opportunity of so vast and impreg- 
nable a harbour, and so attractive an emporium of 
the commerce of East Africa, and Southern Asia, 
had occurred at, or nearer to, the site of Karachi, 
India, under a powerful Government, would be as 
absolu:c’y sealed against any menace of invasion from 


Central Asia, as it is, under our rule, from the sea. But 
its actual position detracts very little from the immense. 
strategic value of Bombay; and great as its history 
has been in the past, it must be greater in the future. 
With the concentration of the United Kingdom, the 
Dominion of Canada, the Commonwealth of Aus- 
tralia, and the coming Confederation of South Africa, 
into a homogeneous British Empire, with which, 
moreover, the United States of America are be- 
coming, for all commercial and moral and religious 
purposes, more and more indissolubly one, the 
inevitable tendency must be to shift the mercantile 
and naval and military centre of gravity of the Empire 
Eastward, to Alexandria or Bombay. Alexander 
founded Alexandria before its time, for he did not 
anticipate the invasion of Europe by the Goths and 
Huns and Vandals, or of Anterior Asia and Africa 
by the Saracens and Turks. But Alexandria wil 
find its fulness of time within the 20th century. 
Bombay will, however, press it closely; and being 
absolutely defensible, and commanding all the ex- 
haustless resources of its whole Indian ‘‘ hinterland,’” 
it may yet snatch the crown of mercantile and maritime 
supremacy from Alexandria. In a word, it is the 
boundless and incalculable destiny of the sea-throned 
city of Bombay under British rule, which gives 
absorbing interest to the story of its auspicious. 
beginnings under the Portuguese and the English 
which Mr, Forrest will now unfold to you. 


The paper read was— 


THE TOWN AND ISLAND OF BOMBAY 
—PAST AND PRESENT. 


By L. R. WINDHAM FORREST. 


I desire in the first place to acknowledge my 
obligations to Sir George Birdwood for the 
advice and assistance given me when I 
accepted the invitation of the Society to read 
this paper, and for consenting to take the 
chair this evening. His knowledge of Bombay, 
its history, and its inhabitants is far greater 
than mine. Ican only equal him in the regard 
and affection we both have for the place and 
its people. 

It is not possible to do justice to my subject 
in a single paper, but I hope to recall to the 
memories of the many former residents that 
I see before me of Bombay the beautiful— 
the Gate of Hindostan—some of the scenes 
which so delighted them in the past, and in a 
short sketch of its history to shew how it rose to 
be the second city of the Empire, as indeed it 
was five years ago, before plague and famine 
afflicted it. 

Lord Harris, in an article on the Presidency 
over which he so successfully ruled only a few 
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years ago, thus speaks of Bombay: ‘‘ Imagine 
a great city, of over 800,000 souls, lying on the 
shores of a beautiful sea, sparkling in the sun- 
shine, glorious in the monsoon, backed by 
grand mountains, with many a castellated 
peak nestling in palm groves, hundreds of 
sea-going vessels anchored in its harbour; 
broad thoroughfares and grand buildings, with 
a most active and intelligent community ; 
lawns crowded day and night with pleasure 
seekers, and its brightness added to by the 
most brilliantly dressed ladies in the world. 
I mean the Parsees. Imagine it if you can! 
I have seen many great cities of the East, 
but I have not seen one that can touch 
Bombay.’’ Such, indeed, is Bombay now— 
very different to the small island when first 
visited by the Portuguese in 1509. It was 
then one of a group of distinct small rocky 
islets, broken fragments from the mainland, 
and separated from Mahim and Mazagon by 
the sea. 


EARLY HISTORY. 


Before that date how little is known of its 
history ! Of Elephanta, the one place visited 
by every traveller to Bombay, we do know a 
little more. It contains monuments of various 
epochs. The Buddhist mounds and cisterns 
of the third century, the remains of the ancient 
city of Puri in the north-east corner of the 
island, once the seat of a powerful government, 
the capital of the dynasty of the Mauryas, from 
the sixth to the tenth century, and lastly the 
wonderful Brahmanic caves of the seventh and 
eighth centuries. The island was called Pori 
when the Portuguese took it. Garcia da Orta, 
of whom we shall hear more later on, visited 
it in 1534, and describing the caves said :— 
“It seems as if the devil put there all his 
strength and skill to deceive the heathen 
with his worship.” It was given by the king of 
Guzerat to Nuno da Cunha, a man of character 
and ideal goodness. His learned descendant, 
Dr. da Cunha, of Bombay, states that it was a 
King Bhima, who living inthe eleventh century 
colonized Mahim and Bombay with Prabhus ; 
they attracted other castes and tribes to settle 
there, and beautified the island with groves, 
gardens and plantations, so successfully that, 
when the first Europeans came to Bombay, they 
called it *‘ the island of the good life.” Bhima 
found two temples, Sri Walkeshwar, on Malabar 
Hill, and Mumbadeve. The latter originally 
stood on the Esplanade, the present site of the 
Victoria Station, and was removed, about 1737, 
into the native town, near the Payadhuni, a 
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shallow where wayfarers washed their feet after 
crossing the muddy creek, which flowed in from 
Breach Candy down to what is now Grant-road, 
and swept past Duncan-road into the Bhendi 
Bazaar. Tradition has it, that even Bombay 
Governors were accustomed here to unhose 
themselves, and, with shoes and stockings in 
hand, walk across. There is no doubt now 
that the name of Bombay is taken from this 
Mumbadeve temple, and not, as Dr. John Fryer 
thought, from the Portuguese Buon Bai, a fine 
harbour. 

While on the subject of names I may mention, 
on the authority of Mr. Cumine, that many 
places are called after trees—for instance, 
Parel is derived from the trumpet-flower tree ; 
Kamballa Hill, the grove of Kambul; Byculla, 
the /assia fistula; Umbarkhadi, the fig tree 
creek ; Phanaswadi, the jack tree garden in 
Bhuleshvar, Bhendi Bazaar, from its row of 
Bhendi trees. 


MOHAMMEDAN PERIOD. 


There is very little to be said of the history 
of Bombay during the Mohammedan period, 
which embraces more than two centuries. 
Save a few sanctuaries of their saints at Mahim, 
and two in Bombay, there is nothing left to 
mark the Moslem sway over the island. All 
the musjids are of comparatively recent date. 
Ahmed Shah, of Guzerat, sent his son against 
the King of the Dekhan, and defeated him at 
Mahim, and another of his sons married the 
daughter of the Rai of Mahim. Bombay then 
became subject to the kings of Guzerat, until 
the arrival of the Portuguese. One sad in- 
cident of this period is the murder of four 
Franciscan friars, who went to Persia in 1320 
to convert the heathen. From Ormuz they 
sailed to the Coromandel coast, but were 
driven by contrary winds tothe Bay of Bombay, 
and at Tanna, where there was already a small 
and persecuted Nestorian community, they 
were slain because they refused to turn 
Mohammedans. 


THE PORTUGUESE PERIOD. 


Dr. da Cunha rightly says that in all parts 
of the island there remain undeniable traces of 
the Portuguese dominion. One can feel the 
influence that clings to its memories, imagine 
hearing the echo of its religious chants, and 
see as if in a vision its gorgeous processions 
winding their way through the cocoanut groves 
between the now moss-covered and dilapidated 
monuments scattered about. When Vasco da 
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Gama landed in India, and was asked why he 
came, he replied, ‘‘To seek Christians and 
spices.” They were the two chief motives of 
this great enterprise, which revolutionised 
the course of history. But the Portuguese soon 
scorned commerce, and passed from seeking 
Christians to forcing Christianity on the people 
in a manner'never sanctioned by its Founder. 
Little imagined Prince Henry of Portugal, the 
Solitary of Sagres, of the great destiny which 
his efforts gave to his country. Son of an 
Englishwoman, Philippa, he was the great 
grandson of our Edward III. Exiling himself 
from the Courts, he devoted forty-two years of 
his life from 1418 to the study of navigation, 
shipbuilding, and organising expeditions along 
the west coast of Africa. These were extended 
until Vasco da Gama sailed across the Indian 
Ocean and reached Calicut in 1497. Goa was 
taken in 1510, and the Portuguese power firmly 
established on the western side of India for 
fully one hundred years before the English and 
the Dutch disputed their command of the 
coast. The achievements of the Portuguese 
in India may justly be called a romance of 
military prowess and of missionary zeal. The 
commercial aspects were kept as much as 
possible in the background. 

One historian apologises for referring to the 
expeditions of certain years ‘‘as what they did 
was in relation to trade, a subject unbecoming 
to grave history.” It was first in 1509, and 
again eight years later, that the Portuguese 
touched at Bombay for supplies, and in 1529 
a battle was fought in the harbour, and the 
Mohammedan fleet, being followed into the 
Nagotna river, was entirely destroyed. Tanna, 
Bandora, and Karinja sent peaceful embassies 
instead of resisting, and offered to pay tribute 
to the victors. The next year a great review 
of 400 ships was held in the harbour previous 
to an attack on Diu. Bombay was called 
“the island of the good life” at that time 
because the Portuguese soldiers ‘‘had great 
refreshment and enjoyment there; found much 
game, and abundance of meat and rice, and no 
remembrance of any scarcity, while the land 
was covered with great and beautiful trees.” 
D:. da Cunha believes that the accounts given 
to the poet Caméens and his own visit to Bombay 
inspired him in his description of the ‘Isle of 
Loves” in Zhe Lusiad, the enchanted isle 
which Venus prepared for the great da Gama 
and his gallant men. ‘‘ Three beauteous 
mounts rise noble to the view,’’ and ‘‘in a soft 
vale which mounts divide” seem to pourtray 
the three hills of Malabar, Kamballa and 


Mazagon, and the ‘soft vale” then covered 
with groves which these hills divide. 

With the fall of Bassein, the King of 
Cambay in 1534 handed over that town and its 
dependencies to Nuno da Cunha for the King 
of Portugal, who distributed the lands among 
his officers for their distinguished services. 
The early Christian churches, and the 
convents the mournful and picturesque ruins of 
which lie scattered about Bombay began to be 
built, and the temples of the Hindoos pulled 
down or consecrated to the Christian worship. 

In 1578 the Jesuits converted 10,000 people 
in Salsette, and at the dedication of one of the 
churches 500 adults were baptised ‘‘to the 
great chagrin of the heathen and envy of the 
devil.” About the middle of the century the 
manor of Bombay belonged to Garcia da Orta, 
a distinguished physician, naturalist, and anti- 
quarian. The remains of his ‘‘ ample pleasure 
grounds ” were still to be seen when Dr. John 
Fryer reached Bombay a century later and 
found a garden “ voiced to be the pleasantest in 
India.” The island was at that time probably of 
great beauty and fertility, but with the gradual 
silting up of the creeks which divided it from 
Old Woman’s Island, Mahim and Mazagon, 
Bombay became unhealthy, and earned the 
reputation of being the ‘‘ cemetery of 
Europeans.” With the exception of the 
religious history of the island, how the priests 
and missionaries succeeded in their efforts 
to christianise the people against their wishes, 
driving hundreds to take shelter with the 
Mahrattas, there is very little recorded about 
Bombay until the English appear on the scene. 
The importance of Bombay lay chiefly in the 
fact of its being in the neighbourhood of such 
seats of government and commerce as Bassein 
and Chaul. 


„EARLY ENGLISH PERIOD.* 


During the sixteenth century the English 
made many vain attempts to reach the Indies by 
the North-west and North-east routes. In one 
of these attempts John Cabot discovered North 
America. To Spain belongs the honour of dis- 


èe Much information is obtainable regarding the early 
English history of Bombay, and I quote largely from Dr. da 
Cunha’s “‘ Origin of Bombay,” Anderson’s delightful “ English 
in Western India,” Sir George Birdwood’s and Mr. George 
Forrest’s “Records,” Mr. Maclean’s “Guide,” the excellence 
of which was recognised by Government, and delayed for some 
years the collection of statistical accounts, until they were 
taken in hand by Sir James Campbell in his wonderful compi- 
lation of ‘‘Materials.’’ There are also the two volumes of 
fascinating interest about the past of Bombay by Mr. James 
Douglas. 
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covering the new route to the East. Magellan 
sailed through the Straits that bear his name in 
1519, and though he himself was killed in the 
Philippine Islands, one of his ships sailed round 
the world, and reached Seville two years after- 
wards. Elizabeth finally challenged the Roman 
Catholic monopoly of the East, based on the 
Papal Bull of 1493, and Drake in 1580 brought 
home an actual treaty made with the native 
Sultan of one of the Molucca groups of islands 
which he had reached by the South Western 
passage. In 1591 Elizabeth licensed three ships, 
but only one reached the Malay peninsula. 
The same year Ralph Fitch thrilled London with 
his account of the magnificent possibilities of 
the East. He had set out eight years 
previously with a letter from Queen Elizabeth 
to the King of Cambay, and to the Emperor of 
China. Taken prisoner at Ormuz by the 
Portuguese, he was for four years a captive at 
Goa, but after his release, visited the Emperor 
Akbar, also Burma and the Moluccas, and 
again saw the misrule of the Portuguese at 
Cochin and at Goa. 

Then there appeared a translation of the 
famous travels of Linschoten, who had been at 
Goa in the train of the Archbishop. The 
translator wrote :—‘‘I do wish that this poor 
translation may work on our English nation 
a further desire and increase of honour over all 
the countreys of the world by means of our 
wodden walles.’’ The translator had his wish, 
for, though the Dutch had got the start, and 
sent out fifteen expeditions between 1595 and 
1601, the report that they were buying English 
ships stung the national pride. The London 
merchants subscribed £30,000, and the rivalry 
of the English and Dutch began in earnest. 
Application was made to Elizabeth for a 
charter. It was delayed for fear of giving a 
new grievance to Spain, but was finally signed 
on December 31, 1600. The arms. assigned to 
the Company were very beautiful. The shield 
is divided into two compartments. On the 
lower are three old-fashioned vessels, sailing 
on the tranquil azure of the new-found 
Southern Sea, and on the upper, roses. 
lions, and the Zeur de lis. All the first voyages 
of the Company were made to the Spice Islands, 
and it was not until Captain Best defeated the 
Portuguese in 1612 off Surat, in a naval en- 
gagement witnessed by a large part of the 
Mogul army, that we obtained a footing 
there. Two years later, Captain Downton 
again defeated the Portuguese in the same 
neighbourhood, and their reputation on the 
sea was destroyed for ever. These two battles 
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were of decisive importance in the annals of 
our position in the East. Surat, planted in the 
middle of a peaceful and industrious popula- 
tion, was for long the chief establishment of 
the Company. In 1626 the English and Dutch 
made a combined attack on Bombay, and took 
possession, but for some unexplained reason, 
immediately abandoned it. From the old 
records of the India Office, Sir George Bird- 
wood has umearthed the journals of three 
Englishmen who were present. One of them 
writes :—‘‘ We came so near the town with 
two of our shippes that we drove them all 
away with great ordnance. In safety we 
landed our men on shore who pillaged the 
towns and set their houses on fire. Westayed 
there the 15th day doing all the spoil we 
possibly could, but got nothings to speak of 
but victuall.’’ A rough sketch map of Bombay 
and the harbour is given by David Davies 
with one of the journals, which are of great 
interest as being the earliest English notices 
of Bombay. 

We hear nothing of the island for the next 
thirty years, though in 1653 the President and 
Council of Surat expressed their opinion that 
for a consideration the Portuguese would allow 
them the possession of Bombay and of 
Bassein. It was the gratification, then, of a 
wish long felt when in 1661 Bombay formed 
part of the dower of the Infanta Catherine 
and was ceded to England on her marriage 
with Charles II. The Earl of Marlborough 
was sent out the following year with five 
ships and 400 men to take possession, 
but the Portuguese declined to give it up. 
The Viceroy at Goa made almost piteous 
entreaties to the King, declaring ‘‘ that India 
would be lost the same day as the English 
settled in Bombay.” But he was overruled ; and 
in 1665 Mr. Cooke, formerly a Lisbon grocer, 
and afterwards Secretary to the Commanding 
Officer, brought from Angediva the few troops 
that remained, and took possession on certain 
terms which were afterwards disallowed by the 
King of England, and Cooke himself was soon 
afterwards deposed. Mr. Anderson says that 
“the English were by no means pleased 
with their new possession.’’ Pepys indeed, 
using a newly invented word, plainly said 
that ‘‘the Portugalls had choused them.’’ 
Indeed the place must have looked desolate 
enough. 

Large tracts of land which have since been 
recovered from the sea were then overflowed. 
At high tide the waves reached Umarkhade 
and covered the present Bhendi Bazaar. 
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Where Kamatapoora is now there was sufficient 
depth of water for the passing of boats ; in fact, 
during one part of every day, only a group of 
islets was to be seen, and 40,000 acres of land 
were then submerged. The principal town 
was Mahim. The small Portuguese society 
was depraved and corrupt, and the total 
population did not exceed 10,000. The King 
of England soon found the government of 
Bombay an expensive and worrying business, 
and in 1668 a Royal Charter was sent to 
Surat ceding Bombay, and bestowing upon 
the Honourable Company full sovereignty, 
with power to make laws and administer 
justice according to the laws of England for 
an annual rent of £10 a year. Scandal hath 
it that a good round sum was paid at the same 
time to a certain duchess of the Court. One can 
well imagine that the Council at Surat felt to 
take over the Government would be an affair 
of some delicacy, as the royal officers might 
not care to acknowledge the supremacy of 
a few mercantile agents, who were two 
hundred miles away. A Mr. Goodyear was 
sent; he fulfilled his mission with judgment, 
and took over the island with its live and dead 
stock to the value of £5,000. 

The acquisition of Bombay is the most im- 
portant factor in the early history of British 
India. It was the first real possession of the 
English, for, though Fort St. George in Madras 
was an earlier settlement in 1639, the land was 
only rented, £600 a year being paid for it. 
The transfer of Bombay to the East India Com- 
pany marks a new departure. The Merchant 
Company became possessors of territory, and 
were given political powers by the King for 
the defence and government of the island. Sir 
George Oxenden, whose magnificent tomb is 
still to be seen at Surat, was the first governor, 
but President Aungier is the real Founder of 
Bombay. Heraised a Militia, being warned at 
the same time by the Board of Directors 
‘not to waste powder, only to let the guns be 
fired occasionally, so that the men might get 
accustomed to the report.’’ He mounted 
cannon on the Fcrt, and obtained leave to com- 
mence draining the Flats. He induced Banyas 
to settle, promising freedom for their religious 
rites, marriage processions, and burning of 
their dead. The Parsees were allowed to build 
a tower of silence, and there was commenced, 
as Aungier himself said, ‘‘the city which by 
(sod’s assistance is intended to be built.” And 
yet of Gerald Aungier, than whom none have 
left a fairer name or more unsullied repu- 
tation, there is no memorial. His grave at 


Surat is unknown, and no road, or street, or 
building in Bombay, bears his name. 

An uninviting place Bombay was then. 
There were those who wished to abandon it 
and take Jinjeera instead. The Rev. J. 
Ovington arrived during the monsoon of 1689. 
Before the rains were over, twenty out of 
his twenty-four fellow passengers were dead, 
and fifteen of the crew. He was pressed 
to become chaplain, but he feared the 
fate of his predecessors, and was thankful 
to sail for Surat, which at that time was 
a far healthier place for Europeans. He 
declared that in Bombay two monsoons 
were the age of a man. Indeed, for half a 
century, life in Bombay was hardly endurable. 
The island had a severe struggle for existence. 
The Dutch bore down on it, but were frightened 
away by the brave show made by Aungier. 
The harbour was a frequent scene of fighting 
between the Mahrattas and the Seedees. The 
former seized Kennery, the latter Hennery, and 
wintered several seasons at Mazagon. In the 
Fort itself, there were two mutinies, the last 
under Captain Keigwin, who held the island 
for three years, but the Company recognised 
the value of the place, and held bravely on, 
though it was once nearly lost, when, in 1689, 
the Seedees besieged Bombay Castle for nearly 
a whole year. He landed at Sewree with 
25,000 men, took possession of the island, with 
the exception of the Fort and a small tract of 
land about half a mile to the southward; he 
raised batteries on Dongaree Hill, now the site 
of St. George’s Hospital, and increased his 
troops to 40,000 men, while the defenders had 
only 2,500, mostly natives. In February, 1690, 
the Mogul Emperor, after receiving payment 
of a heavy fine, and the most humble sub- 
mission from Sir John Child, caused the 
Seedees to retire, but they left behind them 
a pestilence, which destroyed more than had. 
perished in the war, so that only thirty-five 
English soldiers were left on the island. Sir 
John Child died while the negotiations were 
being carried on. 

It is worth while to examine the cause 
of the siege, the greatest danger Bombay 
has ever encountered, for a notable event 
had taken place in its history. The 
Board had, in 1687, transferred the seat of 
Government from Surat to Bombay, as the 
former place was becoming too insecure, and 
the Court wrote ‘‘ though our business is only 
trade and security, and not conquest, which 
the Dutch have arrived at, we dare not trade 
boldly or leave stocks where we have not 
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the security of a fort.” Under the chairman- 
ship of Sir Josiah Child their views developed ; 
they desired a territorial revenue formed 
upon the model of the Dutch, ‘‘ who wrote 
ten paragraphs concerning their government, 
civil and military policy, warfare, increase of 
their revenue, to one paragraph concerning 
trade.” Sir Josiah Child wrote to the new 
President of Council ‘‘to establish such a policie 
of civil and military power and secure such a 
large revenue, to maintain both, as may be 
the foundation of a large, well-grounded, sure 
English dominion in India for all time to 
come.” At the same time they decided ‘to 
make the native powers sensible of their power 
as of their truth and justice.” Unfortunately 
Sir John Child, under the new policy, began 
the aggressive, and practically engaged in 
piracy. He took a number of Mogul ships, and 
so enraged Aurungzebe that he commissioned 
his admiral, the Seedee, to attack Bombay. 
The Company was severely punished, for the 
abject submission to the Mogul so disgusted 
the English people, that the House of Commons, 
in an address to the King, desired that the 
Company might be abolished. By bribery they 
obtained a renewal of the charter, but in 1698 
it was decided to establish a new Company. 
Though the two Companies were shortly amal- 
gamated, their representatives in India were in 
constant discord for many years, causing great 
losses, and delaying the progress of Bombay. 
Sir W. Huntersays, that with every advantage in 
her favour in point of situation and harbourage, 
she was outdistanced in the race for supremacy 
by Calcutta and for a considerable time by 
Madras. Bombay was in fact just entering 
upon the darkest period in her fortunes. For 
the next sixty years, the Presidency was hard 
pressed by the Mahratta hordes on land and 
by corsair fleets on the sea-board. The cloud 
of desultory and ceaseless warfare was never 
lifted till Clive finally swept the pirates from 
their fastnesses. Then only did Bombay 
recover her position and compete again for 
Empire with her sister cities. 


EARLY SOCIAL LIFE. 


Before proceeding with the history of the 
18th century let us see something of the social 
life of Bombay during the first fifty years. 
Anderson’s description of the manners and 
morals of the Company’s servants is not a 
flattering picture. Immorality and dissolute- 
ness were of the deepest dye, and added force 
to the assaults of the unhealthy climate. The 
dadies sent out from home, as can be easily 


imagined, were not such as to improve matters, 
though we are assured that a modest garb and 
mien were all that was required, and if a lady 
could display these she soon found the hand of 
a rich merchant. Drink was the principal 
cause of the great death-rate. Akbar pub- 
lished a decree, permitting intoxicating drinks 
to be sold to the Europeans, ‘‘ because they 
are born in the element of wine, as fish are 
produced in that of water, and to prohibit them 
the use of it is to deprive them of life.’’ 
Aungier declared that Bombay punch was 
the shame, scandal and ruin of the nation and 
religion, but others write, ‘‘ pale punch, made 
of brandy, rosewater, limejuice, and sugar, 
cleanses the stomach, dissipates superflous 
humours by a temperate heat peculiar to it.’’ 
“ Burnt wine, hot mixture flavoured with spices, 
was drunk frequently in the morning, sipping 
it by little and little tor fear of scalding.’’ 
Even as late as 1770 the authorised scale for 
boarding at the hotels was Rs.2 per day, in- 
cluding for dinner and supper a beaker of 
punch and as much country beer as one could 
drink. In 1707, Henry Coster, of the ac- 
countant’s office, ‘‘ was wholly disabled by his 
unaccountable sottishness to hold a pen.” 
Gambling was prevalent, and the Court at last 
ruled that anyone playing for £10 and up- 
wards should be sent home, whether man or 
woman. 

But matters improved as the century 
closed. Forbes says :—‘‘ The character of the 
English is an honour to their country ; as hus- 
bands, fathers, masters, they cannot easily be 
excelled.’’ In his time mornings were dedicated 
to business. Dinner at one o’clock. People then 
went to their homes fora siesta, and after a walk 
or ride in the country, returned to pass the re- 
mainder of the evening and sup where they had 
dined. There were, even in his time, only two 
clergymen. One was in Bombay, the other at 
Surat or Broach. The pay was very bad. In1715 
the Governor only received £300 a year, the 
other Members of Council £40 to £80. All 
were allowed to trade, and the Governor himself 
was often to be seen bargaining like a petty 
tradesman. Business concerned them much 
more than politics. In the middle of the century 
the pay of the junior officers was very small. 
Forbes says: ‘‘ A writer’s income seldom ex- 
ceeded £65 a year,” and he often went supper- 
less to bed, because he could not afford either 
supper or candle, and on moonlight evenings 
he often read his Shakespeare on the flat roof 
of his apartment, which is now the Custom 
House. In 1712, there was no doctor left in 
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Bombay ; one was hurriedly sent for from Surat 
at £4 a month. Even 25 years later, a surgeon 
complained of the pay, Rs.24 a month. At 
the end of the century the Governor received a 
lakh a year, and Members of Council Rs.30,000. 

A petition sent to the Company in 1777 
states that out of seventy-five gentlemen on the 
Establishment in 1755, only three went to Eng- 
land with fortunes. Forty-eight had died 
in India, of whom twenty-five died positive 
bankrupts, including some Members of Council, 
and of the remaining, fifteen died possessed 
of little more than what would pay their funeral 
expenses. An old print represents Europeans 
‘ clothed with large hose, long-waisted, peas- 
cod-bellied doublets, short mantles, standing 
collars and ruffs, twelve, yea, sixteen lengths 
apiece, set three, yea, four times double.’’ 

Dr. Fryer says:—‘‘ When the Chief made his 
entry at his return from the Fort, all the 
merchants of esteem went to meet him with 
led horses and Indian music. Before his 
palanquin a horse of state and two St. George’s 
banners, with English trumpeters after him, 
factors on horseback, with lusty fellows running 
by their side, holding umbrellas, then 200 
' soldiers and spearmen.”’ In the dark 
days that followed, no doubt much of this 
display disappeared. In 1707 there were 
only eight covenanted servants, including 
Members of Council, two persons who 
could write, and two raw youths, six com- 
missioned officers, and about forty European 
soldiers. In the following year, the eight 
civilians had dwindled to six, and the President 
wrote: ‘‘ It will be morally impossible to con- 
tinue much longer from going underground if 
we have not a larger assistance out before 
October.’’ In the middle of the 18th cen- 
tury, the Court advise that they have sent out 
t“ six writers, all 16 years of age, who, as they 
have gone through a conrse of merchants’ 
accounts, we apprehend will be wonderfully 
useful, and a Purboo (clerk) is appointed at Rs.5 
a month to do the weighing at the Custom House 
instead of a sepoy in order to give satisfaction 
to merchants.” The Board complained of the 
charges, and ordered the one elephant the 
Company possessed to be given away. Only 15 
horses were allowed, of which six were for the 
President, and only four oxen for the use of 
inhabitants and strangers. A list of necessary 
monthly expenses at that time gave the amount 
at Rs.q8. Even in the middle of the 18th 
century no writer was allowed to keep a 
palanquin, horse, or chaise, and the Governor 


was to set aside one day every quarter to l 


enquire into the general conduct and behaviour 
of all the Company’s servants below the 
Council, and to enter the result thereof in a 
diary for the Court’s observation. One minute 
of the Board records the gift of four unservice- 
able horses to some Banya merchants, each 
horse to be adorned with 14 yards of red cloth 
as a set off. 

The India Office Library has a most 
interesting manuscript journal, written in 1712 
by Captain Pike, of the good ship Stringer. 
After several days of hard work discharging 
her cargo, he went for a two days’ picnic to 
Elephanta, calling ez voute at Butcher’s 
Island, on which cattle were once kept, but had 
then been removed for fear of Angria pirates. 
He gives a picture of the elephants from which 
the Island of Elephanta was called, and also 
of the stone horse. These very pictures were 
published in Europe, and are referred to by 
Goethe in one of his poems. Other and later 
writers have thought that the smaller elephant 
was a tiger. These stone figures gradually 
fellto pieces, and the fragments were deposited 
in the Victoria Gardens, at Byculla, which 
were started by Sir George Birdwood, and for 
which the Bombay public will ever remember 
him. Pike describes Bombay as consisting 
of irregular streets, of mean and despicable 
cottages, full of beggars, and their like, 
and towards Mendham Point eight in- 
different houses. He never saw a thing worse 
contrived, that steod so near a good fortifica- 
tion. He suggests a wall and moat, and says 
if Bombay was more secure, rich natives and 
Parsees would come. Even at Surat the natives 
brought their riches to the Europeans on 
approval of the Mahrattas. He gives a 
pitiable account of the younger men, who live 
five and six in a room, on account of their 
poverty and the want of accommodation. 
On leaving he was besieged with applications 
for passage home, by those who were ill, their 
sickness being chiefly the result of the inferior 
habitations. He gives a vivid account of 
cheating and extortion practised by the 
Company’s servants. 


JUSTICE. 

The first Court of Justice was in a house 
which dates from 1670 in Borah Bazaar 
Street, part of which is still standing. In 1800 
it was located in Mr. Hornby’s house, now the 
Great Western Hotel, until the new High 
Court building was completed. ‘The pay of the 
judge was very small, £100 to £150 a year 
“with a gown.’ Punishments were severe in 
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accordance with the spirit of the age ; whip- 
ping for petty thefts and hanging for stealing 
valuables. Even as late as 1744 a woman was 
burnt to death for killing her husband. 
Dissolute women had their ears cut off if they 
returned to Bombay after being expelled. 
The Company was very unwilling to have 
independent judges sent out from England, but 
in 1798 the Recorder’s Court was established, 
and Sir Wm. Syer sent out on £5,000 a year, 
and with rank next to the Governor. About 
the same time a Lieutenant of Police was ap- 
pointed on Rs.4 a day. The Court of Directors 
objected, resisting every attempt made to 
create new offices at the expense of the 
Company. ‘‘If the office was of use to the 
public, let the public pay the charges by some 
tax.” 


EIGHTEENTH CENTURY HISTORY. 


During the first fifty years Bombay was con- 
stantly struggling against the Portuguese, the 
Seedees, the Mahrattas, and, worst of all, the 
Angria pirates. The former intercepted all pro- 
visions coming from Salsette, but the Company 
attacked and disabled a fort near Coorla, 
which they had built, and ‘‘ so left the way open 
for the inhabitants of the district to come down 
with all manner of provisions.” Butin 1737 the 
Mahrattas had taken possession of the whole 
of Salsette, with the exception of Bandora and 
Vasava. We had then 2,200 military men, 
of whom 449 were Europeans. We declined 
to attack the Mahrattas at Tanna, and refused 
aid to the Portuguese, while acknowledging 
the friendship of England and Portugal, and 
persuaded them at last to blow up Bandora 
Fort, which we from Mahim had watched the 
Mahratta forces attack. During the siege of 
Bassein the Portuguese begged for aloan to 
pay their troops with, and also offered us the 
security of church plate and their guns, but 
six days afterwards they capitulated, and we 
sent presents and congratulatory messages to 
the Mahratta general! Previous to this all the 
Portuguese priests had been banished, owing to 
their complicity with the traitor Rama Thamati, 
in plotting with Angria for the possession of 
Bombay, and an Italian priest was appointed 
Bishop. But as I have said our worst foes were 
the Angria pirates. With false economy the 
Company had reduced their war vessels, and the 
pirates grew bolder, and the merchants of 
Bombay were in despair, but, in 1756, Commo- 
dore James took Severndroog, and the same year 
Admiral Watson and Colonel Clive took 
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Gherriah, the other stronghold, and destroyed 
the fleet. We gave up Gherriah to the 
Mahrattas, but were given Bankote instead, 
where many Mohammedans lived, and it 
was possible to procure an ample supply 
of beeves fer our European soldiers. The 
Bombay garrison about that time numbered 
some 1,200 Europeans and 14,000 native 
troops. 

Up to this time the Government had 
been anxious to keep on good terms with 
the Mahrattas. When mediating between 
them and the Portuguese for the transfer of 
Chaul, our Envoy was “told to impress upon 
them that we only aimed at a peaceable, good 
understanding with the country Powers in 
order to carry on our trade and commerce. 
The protection of our trade is all that makes us 
desirous of holding Bombay without extending 
our dominion.” The population had increased 
to 60,000, people coming in from Poona, which 
had been plundered by the Nizam’s troops, for 
the Court had written :—‘‘ We positively require 
that by the exercise of a mild, good govern- 
ment, people from all parts may be induced 
to come and reside under our protection. Let 
there be entire justice exercised to all persons 
without distinction and open trade to all.’’ 
But a few years later the Company became 
afraid of the growing power of the Mahrattas, 
and cast eyes on Salsette, Bassein, and 
Karinja. The Portuguese were making pre- 
parations to retake Salsette when the Bombay 
Council determined to forestall them. An 
expedition was sent against Tanna; no plun- 
dering was allowed, and Rs.s50,000 divided 
among the troops instead. We were success- 
ful in Salsette, but suffered reverses later on at 
Tullygaum and Campoolee. In 1782 by the 
treaty of Salbye, we gained permanent pos- 
session of Salsette, Elephanta, Karinja and 
Hog Island, but gave back Bassein to the 
Peshwa, who kept it for the next twenty years. 
Bombay took part in later wars in Gujerat and 
the Deccan, but they are outside the history of 
the town and island of Bombay, and we will 
now pass on to describe the progress made 
towards its present condition, only remarking 
that in 1796, after Jonathan Duncan became 
governor, all traces of the mercantile element 
are obliterated from the State papers, which 
henceforth become the records of a large and 
prosperous realm. It was about this time that 
Napoleon Bonaparte went to Suez, and that 
Nelson wrote: ‘‘I have his despatches before 
me, and if the French can get there, Bombay 
is their first object.” 
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THE FORT. 

In Grose’s map of Bombay, in 1750, it will 
be noticed that the distance between Apollo 
Gate and Bazaar Gate was about a mile, 
with Church Gate half-way between, stand- 
ing about a quarter of a mile from the 
Bunder, with an extensive esplanade, and 
smooth as a bowling-green. English houses 
were built round the green, which was plea- 
santly laid out with walks, and planted with 
trees. The houses were generally ground- 
floored, built of stone, lime and plaster, and 
oyster shells, chiefly used for glass. This very 
green remained unbuilt over until the distin- 
guished Police Commissioner of that time, the 
late Mr. Forjett, in 1863 advised the munici- 
palıty to buy ıt and sell it off for building 
plots, and in this way Elphinstone Circle 
was made, a range of office buildings of 
which any city might be proud. The Town 
Hall was first proposed by Sir James Mackin- 
tosh when President of the Library Society in 
1811, 
the Court of Directors. Some funds were raised 
by lotteries, but it was only commenced in 1821 
and finished twelve years later, and is certainly 
an imposing building. There are very few old 
buildings in Bombay, and the Cathedral is 
one of them. We owe it to the zeal and 
energy of the Rev. W. Cobbe, who, coming 
out in 1714, was so dissatisfied with the one 
room allowed him in the Fort for Divine 
service that he preached a very strong sermon. 
The Governor was pleased to address him very 
friendly: ‘‘ Well, doctor, you have been very 
zealous for the Church this morning.” ‘‘ Please, 
your Honour,” said Cobbe, ‘‘I think there was 
occasion for it, and I hope without offence.” 
The Governor said: ‘‘ Well, then, if we must 
have a church, we will have a church,’’ and 
gave the first donation. In three years it was 
finished, and opened for service, and, as the 
worthy Mr. Cobbe said, ‘‘ It is suitable in some 
measure to the dignity of our royal settlement, 
and is big enough for a Cathedral.” The 
Court of Directors so approved of the padre’s 
energy that they ordered that the Chaplain of 
Bombay take place next to the Council, but he 
did not enjoy his honours long, for two years 
after he was dismissed for misbehaviour in his 
ministerial functions, including the refusal of 
the Communion to one of the Council for 
engaging workmen on the Sabbath. The 
present tower was erected in 1835, when 
Bombay was made a Bishopric. The chancel 
and other alterations were begun thirty years 
later. 


The proposal met with opposition from 


FRERE TOWN. 


Round the walls of Bombay ran a deep 
ditch, made out of the proceeds of the 
Custom duties, specially levied for this 
purpose. It cost 2} lakhs, and the money 
was raised by a 1 per cent. tax on the trade 
of all black merchants at first, and after- 
wards also on that of English traders. The 
walls, which were finished in 1716, remained 
untouched for over 140 years, when Lord 
Elphinstone saw, with characteristic sagacity, 
the advantage to be gained by pulling down 
the ramparts, and filling up the ditch. The 
work was completed by Sir Bartle Frere, the 
maker of modern Bombay, under whose 
energetic and skilful guidance Freretown was 
designed and built. As Mr. Maclean says, ‘‘ he 
urged on the chariot of improvement at headlong 
speed throughout the cotton mania, until the 
very appearance of the city has been changed, 
and all but few public buildings remain to be 
erected.’’ Magnificent roads were constructed, 
splendid buildings arose, and ever since that 
time the municipality has been constantly 
making improvements in all parts of the city. 
All this great change was effected in the 
sixties and seventies of the last century. 
Before that time, little progress had been 
made. The fire of 1803 caused an improve- 
ment in the buildings inside the Fort, but the 
growth of the town outside had been very 
slow, and it was only in 1835, that the need of 
communication between Girgaum and Byculla 
was felt. Grant Road was constructed and 
shortly afterwards Bellasis Road. The ‘only 
important work, besides the fortifications, done 
in the 18th century was the construction of 
the Vellard, or Causeway, by Governor Hornby, 
in spite of the refusal of the Court of Directors 
to spend the money, and it is probably the 
most effective work ever done for the island. 


RECLAMATIONS. 


The great reclamations which have so 
benefited Bombay were begun during the 
governorships of Lord Elphinstone and Sir 
Bartle Frere. The Elphinstone Estate began 
in a small way in 1858, and four years after- 
wards the large scheme was taken in hand, 
and completed in 1871, by which date seven 
million cubic yards of material were deposited. 
Government bought the property for £ 2,000,000, 
and also the Sassoon Dock, making over the 
whole property and the foreshore to a Port 
Trust, which has successfully handled the 
trade of the port, principally under its chair- 
men, Colonel Merewether and Mr. Hughes. 
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The Prince’s Dock and Victoria Dock have 
water basins of thirty and twenty-five acres 
respectively, and are well up to date as re- 
gards machinery, warehouse accommodation, 
&c. While excavating the former, the remains 
of a Khair forest were found, 382 trees, of 
which more than half were standing erect 
in a decayed trap soil, overlaid by the thick 
stratum of clay, which forms the real bottom 
of the harbour, under the more modern mud. 
Mody Bay reclamation was effected by Gov- 
ernment about the same time, and the fine 
Frere road runs right through it. Of the Back 
Bay reclamation I will speak later on. 
Bombay owes its present splendour to the 
American cotton famine during the Civil War. 
From exports of cotton to the extent of 54 
millions, the value rose to 14, 27, 30, 35 millions 
between 1862 and 1866, and it is computed in 
cotton alone, the wealth of Bombay was in- 
creased by some seventy millions. Mr. Mac- 
lean says: ‘‘ Naturally speculation set in. All 
sorts of ingenious schemes were devised for 
putting the newly acquired wealth to use. 
Banks were brought out by the dozen, finan- 
cial associations by the score. But all other 
speculations were dwarfed by the magnitude 
of the Back Bay reclamation, designed to 
provide the land on which the Bombay and 
Baroda railway now runs, and to use the 
residue for sites for marine residences and 
what not. The value of land had trebled 
and quadrupled, for the population was 
daily increasing, and as the available 
space was small, every additional foot tacked 
on seemed likely to be worth its weight in 
gold. The Bombay Government took shares, 
but was forced by the Supreme Government to 
give them up. The astute promoters sold the 
shares by public auction and the brokers ran 
them up to Rs.25,000 a share on Rs.4,000 
paid up. This sale set the city mad. In 
December, 1864, the share list quotes Back 
Bay at Rs.46,o00 per share premium, Rs.5,000 
only paid up. The Colaba Company having 
paid a dividend of Rs.12,000 on Rs.10,000 
shares was quoted at KRs.g0,000 premium. 
All banks and financial associations were at 
enormous premiums. The Port Canning 
swamp near Calcutta was bought out by a 
company, at once went to several hundred per 
cent. premium, when in the spring of 1865 
speculation came to a sudden end by the 
surrender of Lee’s army. Cotton fell from 
194d. to 11d. and the whole elaborate edifice of 
speculation came tumbling down. The crash 
was fearful. All the financial associations 


disappeared, only four banks survived and 
only two land companies. But Bombay has 
been benefited and beautified, by the Back Bay 
reclamation. The university library and tower 
designed by Sir Gilbert Scott were given by Mr. 
Premchund Roychund, the master spirit of the 
period, who to this day flourishes in Bombay, 
bright, cheerful, and buoyant in spirit, and 
never appears to sigh for the days when he 
was practically the uncrowned King of 
Bombay, and gave away lakhs upon lakhs in 
charities, &c. For the reclamation, a part of 
Malabar Hill, near Chowpatti, was cut away, 
including the site of the bungalow in which 
the Duke of Wellington stopped during his 
stay at Bombay. Along this reclamation is 
now an excellent ride, and on the side next 
the railway, a large piece has been lent tu 
various cricket clubs. As can be well 
imagined a great impetus was given to that 
pastime when Lord Harris was Governor, 
and each evening, every available bit of 
ground is played on by cricketers of all 
races. The Parsees have in the past 
particularly distinguished themselves, and 
are often more than a match for the best 
of the Presidency Englishteams. The following 
is a list of the principal buildings which have 
beautified Bombay since ‘‘ the share mania ” :— 
The Secretariat, the High Court, Post Office, 
P. W. D. Offices, the Sailors’ Home, Tele- 
graph Office, High School, School of Art, the 
Victoria Station, the Municipal Hall, &c. 


THE PEOPLE. 


But the most attractive features of Bombay, 
besides its natural position and its splendid 
buildings, are the life and colour of its ani- 
mated crowds, in their varied garments and 
turbans of different colours and shapes. 
Everybody looks busy, and the bazaars have 
a mingled throng of various nationalities and 
races of which a counterpart can alone be 
seen in Cairo. Brahmins, Banyas, Purboos, 
Coolies, Parsees, Mohammedans, Arabs, 
Persians, and an occasional Afghan, stream 
past. The whole city is one incessant 
movement of bright colouring, and the 
appearance and character of the people 
are a distinctive peculiarity of Bombay. Mr. 
Maclean says it is because Bombay has grown 
up entirely under British rule that the stamp of 
a vigorous vitality is impressed upon the 
people, and manifests itself alike in their dress, 
their manners, their enterprise in trade, and 
business, and their eagerness to take an 
interest in the discussion and management of 


580 


JOURNAL OF THE SOCIETY OF ARTS. 


[June 14, 190%. 


public affairs. The Parsees in intelligence, 
industry, civil virtues and philanthropy are 
ahead of most of the inhabitants of the country. 
It is the Honourable Mr. Pheroshah Mehta who 
leads the Corporation, and to the Jeejeebhoys, 
the Jehangirs, the Petits, the Camas, 
Mr. Tata and many other Parsees, Bombay 
owes an untold debt of gratitude for their 
magnificent bequests. Among the Hindoos 
Goculdas Tejpall is one of the few Bhattia 
merchants who have distributed their wealth 
for the benefit of the community. His princely 
charities amount to twenty lakhs. In former 
years, a large part of the charities of the 
Bhattias and Banyas went in the endowment 
of temples, but now hospitals, dispensaries, 
and schools are being attended to, though, 
considering the wealth of these two classes, 
more might still be done. I must not 
omit to mention the princely charities of 
David Sassoon, founder of the well-known 
family of that name. Amongst those 
of the Hindoos interested in social, and, 
I might say, religious reform, there was 
Mr. Justice Telang, whose early death 
was a great loss, and much felt by both 
Europeans and natives. Mr. Ranade’s life, 
character, and teaching have left a lasting 
effect on his community, though his reserve 
and shyness prevented his being as well known 
by Europeans as he deserved to be. Mr. 
Justice Chandavakar, a devoted admirer of 
both the above-mentioned gentlemen, and who 
succeeded Mr. Ranade in the High Court. 
has the confidence of both the Government 
and the public. He is a gentleman of re- 
cognised attainments, of high moral and 
literary culture, and is known at once for 
his keen concern in the future of his own 
country, and for the moderation of his views. 
In his lecture on Telang he said: ‘In the 
small Church of the Prathana Somaj, Dr. 
Bhundarkar and Mr. Justice Ranade showed 
how the holy truths of religion should be 
applied to the practical duties of life, and 
how religion was meant by the native prophets, 
as well as by the prophets of Israel, to be the 
practicc of civic virtues, truth telling, honesty 
between citizens, tenderness to the poor, in- 
flexible justice in high places; the school of 
Hindoo Protestantism, while seeking to build 
on the old foundations, is glad to work with 
the fresh materials which Christianity has 
supplied to it, because it finds that Christ, too, 
was a Bakhta, and the law of love which He 
preached has been the cardinal principal of 
the Bakhti School.” 


THE LEPER ASYLUM. 


One of the most excellent institutions in 
Bombay is the Leper Asylum, the creation of 
Mr. H. A. Acworth, C.I.E., when Municipal 
Commissioner. The question of the treatment 
of leper vagrants had long been a vexed one 
between Government and the Municipality, but 
it was settled by Mr. Acworth with character- 
istic vigour in 1890. He collected himself 
from the public over a lakh of rupees, chose a 
good site at Matoonga, and constructed several 
buildings. Under an old Act of 1867, with the 
assistance of Colonel Wilson, Commissioner 
of Police, he collected all the vagrant lepers 
and put them in the asylum, and obtained a 
grant from the Government and the munici- 
pality for their maintenance, organised the 
staff and personally supervised all the arrange- 
ments for their food, sanitation, &c. He 
induced rich native gentleman to add a 
hospital, a Hindoo temple, a Mohammedan 
Mosque and even a Roman Catholic chapel. 
The place is enclosed with a weak fence, but 
the lepers are perfectly happy, and never. 
attempt to leave. The streets of Bombay are 
absolutely cleared of lepers, and though 
compulsion has been objected to, Mr. Acworth’s 
procedure has been approved of by most 
practical men, and the Government of Bengal 
in 1895, and the Government of India in 1896, 
have legislated entirely on his lines. About 
350 lepers spend their lives in absolute content- 
ment in Mr. Acworth’s asylum, which is 
considered the best in India. The Govern- 
ment of Bombay should find satisfaction in the 
fact of one of their officers having thus 
practically settled the vagrant leper question 
for the whole of the Indian Empire. 


MUNICIPAL CONSTITUTION. 


Fifty years ago the municipal administration 
was conducted by a Commissioner and the 
Bench of Justices, but in 1872 the first real 
experiment in municipal government in India 
was made, and the ratepayers, through their 
representatives, had an authoritative voice in 
the control of the revenue and expenditure. 
There are now 72 members of the Corporation, 
and the Commissioner has always been a 
Government civilian of high standing. 
Though, as with the English Parliament, and 
the Royal Commissions, there is too much 
talking, and often too little result, from the 
deliberations of the Select Committees, the tone 
of the Corporation will compare favourably 
with any in England, and there has never been 
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a suspicion that any of its 72 members have 
endeavoured to benefit themselves pecuniarily 
from their position. 


CEMETERIES. 


A natural interest is always attached to the 
sites of our cemeteries. The first one was 
placed on a sandy spot opposite Old Woman’s 
Island, somewhere about the site of the Sailors’ 
Home. It was called Mendham Point from 
the name of the first Englishman buried there. 
For one hundred years it received the bodies 
of our countrymen, and was finally closed for 
military reasons. The next cemetery was also 
by the seashore at Sonapore. In it was buried 
the botanist Jacquemont, one of the most 
delightful letter writers that ever lived. The blue 
creeper Jacquemontea which he brought from 
Cashmere is well known in Bombay gardens. 
The French Government allowed him a 
miserable pittance of £250 a year while he was 
in India, but several years after his death sent, 
at the suggestion of Sir George Birdwood, a 
= man of war to Bombay to fetch home his re- 
mains! The cemetery after having been used 
also for one hundred years was closed, and one 
at Sewree opened in 1867 on the site of the old 
Botanical Gardens. In the Colaba cemetery 
is buried Philip Anderson, the chaplain of 
Colaba church, who will ever be remembered 
as the author of ‘‘ The English in Western 
India.” 


CLIMATE AND HEALTH. 


Col. Arnott (late I.M.S., and for some years 
head of the St. George’s Hospital) has favoured 
me with the following remarks on the climate 
and health of Bombay. The atmosphere is 
extremely moist at all seasons, and during and 
just after the monsoon the humidity nearly 
approaches saturation. During the cold sea- 
son, when the north-east monsoon blows, it is 
drier, but old residents prefer the equable and 
balmy sea-breeze fresh from the ocean, to the 
comparatively harsh, chilly, and perhaps 
malarious land wind of the cold weather. The 
highest temperature of the year in May, June, 
and October, hardly exceeds go° Fahr., while 
the minimum in January and February, is not 
much below 70°. The yearly range is thus 
about 20°, and the daily range is usually within 
10°, and sometimes much less. 

While in Bombay the modifying influence of 
the sea prevents extreme temperatures in either 
direction, the always prevailing warmth and 
moisture create an enervating climate, and 
fresh arrivals are struck with the washed-out 


appearance of Europeans who have been any 
considerable time in the place. There is a 
well-marked rainy season from the tenth of 
June to the end of. October, with a rainfall of 
about 70 to go inches, when it ceases altogether. 
The subsoil water is at a very high level, and 
considerable portions of Bombay have been 
built on land reclaimed from creeks and the 
harbour, filled in with various material, includ- 
ing town sweepings: such conditions are not 
favourable to health. 

In recent years drainage and sewerage works 
of considerable magnitude have been con- 
structed, and the old system of halalcores is 
being gradually replaced by house connections 
with sewers. It remains to be seen how far 
this will be to the advantage of the public 
health, but, at present, the conditions are 
disgusting and a scandal, which permit of 
the overflow of the main drain over the flats 
during the monsoon. It must, however, be 
allowed that the drainage and sewerage of 
Bombay is a most difficult problem. With the 
ground being generally so little above the level 
of the sea, a good gradient is practically im- 
possible, and also there is no good outlet. 

The water supply is excellent. Fifty years 
ago there were only tanks and wells, from which 
the supply was always bad and often very bad. 
Hence guinea worm, cholera, dysentery, 
diarrhea and typhoid were common and fatal. 
Lord Elphinstone carried out a project for col- 
lecting and storing the rainfall in a valley in 
Salsette, and the fine lake at Vehar was formed. 
Later on a dam was thrown across the Toolsee 
Valley adjoining Vehar, and in 1892 the mag- 
nificent artificial lake at Tansa, some 40 miles 
distant from Bombay, was constructed. The 
water supply of Bombay is now, therefore, 
practically pure, and the effect for good on the 
health of the people has been immense. It is 
chiefly to be seen in the diminution in numbersand 
amelioration in character of the cases of dysen- 
tery and diarrhea, and the comparative infre- 
quence of cholera and guinea worm. Attention 
must be called to the overcrowding that goes 
on in Bombay. Some of the houses have as 
many as 116 rooms and soo inhabitants. The 
density of population amounting in some parts 
to 777 per acre. Some of the rooms are so 
crowded that there is no vacant floor space, 
and in the cold weather all doors and windows 
are kept shut. 

Small-pox prevails every year to a small 
extent, but about every five years it becomes 
epidemic, owing to the immigration of persons 
who have not been protected by vaccination. 
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But the danger is always becoming less with 
the spread of vaccination, the advantages of 
which the nation now fully appreciates. 

Plague was epidemic in the west of India 
a hundred years ago, but after being absent 
for more than fifty years it broke out again in 
1896, and is still present. It has lasted longer 
than epidemics of plague usually do perhaps 
because of the constantly changing population, 
fresh subjects susceptible to the disease being 
constantly supplied. 

Among natives there is a great deal of con- 
sumption, and though violent attacks of fever 
are not common, there is a great deal of 
malarial influence. It was long held that the 
water-logged condition of Bombay was respon- 
sible for the prevalence of phthisis and 
malaria, but if we regard consumption as 
an infectious disease due to a bacillus, 
and malaria as due to a poison introduced 
by a mosquito, we must attach the greatest 
importance in the prevalence of the former 
to the awful overcrowding of the poor, 
and the latter to the surface-water and 
lands and wells—the breeding-ground of the 
mosquito. 

It is, however, curious that the extraordinary 
plague of mosquitoes in Bombay after the rains 
of 1888 was not followed by any remarkable 
prevalence of fever. 

On the whole Bombay is healthy, and a 
European of sound constitution and temperate 
habits may expect to go through a career there 
with no great danger from disease. The fresh 
sea-breezes do much to preserve health, and the 
not distant sanatoria of Matheran, Khandalla, 
and Mahableshwar are available for recupera- 
tion. 


PUBLIC INSTITUTIONS. 


There are three large native hospitals—the 
Jamsetjee Jeejeebhoy, the Goculdas Tejpall, 
and the Cama; the first was built by Sir 
Jamsetjee Jeejeebhoy, who set an example 
by his noble philanthropy and charity, 
inducing others to follow in his footsteps, 
and thus enriching Bombay with these and 
similar institutions far beyond any other city 
in India. 

Though Dr. Fryer says there was neither 
church nor hospital in the island, it is certain 
that in 1675 there was a hospital near 
what is called the Cooperage. In Grose’s 
map of 1750 we find one quite close to 
the dock, and in 1835 another building 
was erected in Hornby Row; the site and 
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building were not considered suitable, and 
in 1862 St. George’s Barracks were vacated 
to receive patients. In 1876 they were 
removed to the officers’ quarters, and ten years 
later Lord Reay listened to the earnest 
remonstrances of the hospital endowment fund 
committee, and in 1889 laid the foundation- 
stone of the present spacious male wards. 
The women still remain in the old unsuitable 
quarters, and it is to be hoped that Lord 
Northcote before he leaves Bombay will sanc- 
tion the erection of a a suitable building for 
them. In connection with the hospital is a 
delightful sanatorium at Khandalla, built by 
subscriptions raised by the same committee, 
including Rs. 10,000 given by Lady Reay from 
the proceeds of one of her successful fancy 
fairs held on the Oval. The hospital nursing 
is under the management of the Sisters of 
All Saints, who have also a large staff avail- 
able for private nursing, one of the greatest 
advantages secured to Europeans during the 
last century. 

The charitable and educational European 
institutions are numerous, and include St. 
Xavier’s and St. Mary’s Colleges of the 
Roman Catholics; the Cathedral and Indo- 
British schools, the Byculla schools, originally 
started by the Rev. Mr. Cobbe in 1718; the 
Wilson College of the Free Church of Scotland ; 
the Money Institution; mission schools of the 
American Methodists, and many others. The 
Sisters of All Saints’ do a great philanthropic 
work in the management of hospital nursing, 
orphanages, and schools. Though Mrs. Steel 
may complain of the frivolity of European 
ladies up-country, in Bombay a large number 
devote themselves with great earnestness to 
looking after these institutions. 


TRADE. 


In the 18th century the value of the 
trade of Bombay was really very small, and 
there is no doubt that the monopoly of trade 
held by the East India Company seriously 
hindered its expansion. Private persons with 
a licence and the Company’s own servants were 
allowed to trade, but even at the end of the 
century the total value of the trade of both 
Surat and Bombay was only about £1,000,000 
a year. India exported calicoes, chintzes, 
silk, diamonds, tea and spices, and imported 
bullion, copper, broadcioth and iron. In 1813, 
when the monopoly ceased, England imposed 
protective duties of 70 per cent. on cotton 
goods from India; then Lancashire began to 
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export them, and the trade in the fine hand- 
made goods of India was swept away: 

Bombay has always been interested in the 
cotton tra I-. Even in 1684 cotton was pressed 
to save fre.wht, and 13 years later Surat was 
applied to for a piece of wood 1o ft. by 3 ft. by 
1 ft.to replace a press screw. That Bombay 
could not provide such a piece of wood shows 
how limited our resources were. Bengal took 
a good deal of cotton, and in 1743 the Court of 
Directors ordered 1,000 bales to be always 
kept in stock, but the China trade was the 
most valuable. It began in 1770 and 35 years 
later China took 80,000 bales, twelve times 
more than England. In 1813, when the East 
India Company’s monopoly was abolished, 
England took 250,000 bales, a larger quantity 
than it received from America, but low prices 
reduced the exports to 30,000 bales in 1830, 
though they again rose with various fluctua- 
tions to 220,000 bales in 1847. Of course, the 
American War gave a great impetus to cotton 
growing, when prices rose from 5d. to nearly 
2s. a pound. From the opening of the Suez 
Canal in 1869 the average annual shipments to 
Europe were about 1,000,000 bales up to 1890, 
since when they have declined by nearly 40 
percent. But Japan has become an import- 
ant customer and takes 200,000 to 300,000 
bales a year. The local mills now consume 
about 800,000 bales, and the exports of yarn 
which were 2,100 bales in 1870, are about 
400,000 bales a year. The acreage under 
cotton is very much the same as it was 10 years 
ago and is an unsatisfactory feature in the 
trade. The first cotton-mill was started in 
1854; ten years later there were 13, and to-day 
there are 81. 

The Suez Canal increased the trade of 
Bombay wonderfully, and the completion of the 
great trunk lines brought the exports of wheat 
and seeds tothe highest point between 1885 
and 1890. It seems doubtful if we shall see 
the figures ever exceeded, certainly not until 
irrigation is increased or the ryots use 
fertilisers. 

In 1855 the whole trade of India, including 
Government stores, was 48 crores, and to-day 
it is close on 200. 

Bombay’s share in the export and impert 
trade of all India with foreign countries is 
about 5-12ths, but its coasting trade is 
enormous, and brings up its total value to very 
near that of Calcutta. Its Banya and Bhattia 
merchants are more enterprising than any in 
India, and the general fidelity with which they 
keep their engagements is remarkable. 
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VALUE OF BOMBAY EXPORTS AND IMPORTS WITA 
FOREIGN COUNTRIES, EXCLUDING GOVERN- 
MENT STORES AND TREASURE. 
(Yearly average of 3 years.) 


12 Months ending 


31st March. Exports. Imports. Total 
7 Crores Crores Crores 
1870-72 .... è 24 12 36 
1875-77 sseeos 22 13 35 
1880-82 esses 27 17 44 
1885-87 s... 00 33 22 55 
1890-92 s.es.. 39 27 6b 
1895-97 eersecee 35 28 63 


EXPORTS OF WHEAT, LINSEED, RAPESEED AND 
GINGELLY, FROM BOMBAY TO EUROPE. 
(Yearly average of 3 years.) 


tuo ee aay ie OO ee tp a 
Berens ag Wheat. | Linsced. | Rapeseed Gingelly. 


Tons Tons Tons. | Tons 
1870-72 Hsiieacas 150 4,766 1,416 O85 
1875-77 41,564 75,045 11,153 15,686 
1880-82 .......cc0000e. 231,402 76,685 19,781 37,433 
1885-87 527,647 | 209,889 75,642 60,940 
1890-92 .....cesceecens 424,594 165,918 71,577 58,056 
1895-97 ...scsceeceeees 77,068 | 161,856 | 102,436 56,318 
1900 and Famine 

VORP: sscsseiereveny 30 40,537 53,528 80 684 
POPULATION. 


According to contemporary writers the 
population was in 


1661. ...eseeeeeeeeeee 10,000 inhabitants. 
TOO igus ee satkiee eee « 1§,000 ” 
1673 Fryer......ee.26. 60,000 ” 
1718 CODDE we isa cawenn 16,000 9 
1744 Niebuhr .,...... | 70,000 » 
1780 Rough estimate .. 100,000 5 
1814 Warden.......... 180,000 ” 
1830 Lagrange ........ 229,000 ” 
1850. cesecceeeeceeees 566,000 » 
1864) 4saceans inania 816,000 » 
1872 Census ...esssse. 644,405 ” 
88E ae Ledayaeasee GIE y 
1891 ‘i ardeo B27 64 ” 
1901 wo asabe . 770,843 ” 


In 1780 there were over 400 slaves in 
Bombay. The Company bought slaves in 
Madagascar and on the African coast, the 
general price being about Rs.go for a man, Rs.80 
for a woman, Rs.7o for a boy, and Rs.60 fora 
girl. But in 1818,on Christmas Day, all children 
born of slaves were declared to be born free. 
This was 20 years before slavery was abolished 
in the Crown islands. 

Neither time nor space allow of reference to 
many subjects of interest, such as the enter- 
prising press, the post office, railways, &c. 
For spirited sketches of the various dis- 
tinguished men associated with Bombay in 
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the 18th and roth centuries, I would refer 
you to Mr. Douglas’s books. 


MODERN SOCIAL LIFE. 


The social life of Bombay is extremely pleas- 
ant. A young man going out there with a few 
introductions will find a number of kind genial 
friends. His early mornings will be occupied 
with riding, tennis or golf, and though he may 
work harder between 10 and 5 than he would in 
England he has other recreations close at hand, 
cricket in the monsoon, polo for many months 
of the year, a large gymkhana, and if he has 
been elected a member of the Yacht Club he has 
a delightful place to resort to after office hours. 

A capital pack of hounds hunt in Salsette, 
near Bandora, in the cold weather. Of late 
years yachting has become very popular, 
and there are now a large number of small 
yachts with races almost every Saturday. 
The Yacht Club delightfully designed by 
Mr. Adams meets the requirements of the 
Bombay climate perfectly. If Dr. John Fryer 
was alive he would probably describe it as 
“voiced to be the pleasantest place of entertain- 
ment and of friendly social intercourse in the 
British Empire.’’ Every visitor is delighted 
with it, and one wonders now how Bombay 
society ever got on without it. 

I will conclude with two or three views, and 
a short account of the principal statues. 

Take an October morning and from the 
hanging gardens of Malabar Hill look over 
the city. The sun is lighting up the harbour, 
fleecy clouds still hang about the nearer hill 
sides, while over them range after range of 
mountains appear, and fill up the background 
of the picture. The air is so clear that every- 
thing looks quite close and the trees on 
Karinja can be distinctly seen, though seven or 
eight miles away. It is a wonderful panorama 
of great beauty. In the evening, the lights 
round the graceful curve of Back Bay, seen 
from the same place, make a fairy scene, and 
Mrs. Kipling, mother of the well-known author, 
well called it ‘‘ Bombay’s golden necklace.” 

In the afternoon on driving down from 
Malabar Hill, one sees, especially on one of 
the numerous festivals, crowds of people on 
the sands, circles of women standing in the 
water around some Brahmin, offering flowers 


to the sea; the Kennedy sea face thronged i 


with natives taking the air, carriages without 
number rolling along the Queen’s Road, now 
fringed with trees, and further on the fine 
buildings on the Esplanade with Gilbert Scott’s 
graceful Rajabai tower rising above them all. 


STATUES. 

Besides the noble statues in the Town-hall, 
there is an equestrian statue of his Majesty 
by Boehm, given by Sir Albert Sassoon in 
commemoration of the Prince of Wales’s 
visit in 1875. Sir Richard Temple’s and 
Lord Reay’s are to be seen close by the 
oval, and in the Elphinstone Gardens are two 
magnificent statues of Lord Cornwallis and 
Lord Wellesley ; but the fairest of all is that of 
her Majesty our late Queen and Empress, 
presented to the city by the Gaekwar of 
Baroda. It is an exquisite bit of sculp- 
ture and fitly commemorates her gracious 
and sympathetic sovereignty over a loyal 
people, during the years when Bombay rose to 
its present magnificence and when all India 
saw, in the growth of the Empire founded on 
the Queen’s proclamation of 1857, the fulfil- 
ment of Akbar’s vision as described by Tenny- 


son: 
From out the sunset poured an alien race 


Who fitted stone to stone again, and Truth, 
Peace, Love, and Justice came and dwelt therein. 


DISCUSSION. 

The CHAIRMAN said :—If he used his privilege as 
Chairman to open the discussion on Mr. L. R. 
Windham Forrest’s paper, it was because he had 
known Bombay probably before any one of the 
present audience. He had but broken recollections 
of the Island, and Town, and Harbour before 1838, 
but his knowledge of the place was continuous and 
accurate from 1838-9, when he lived there with Mr. 
James Farish, before sailing round the Cape of Good 
Hope to England. There was then scarcely a single 
European bungalow on Malabar Hill, the only house 
on the hill tup being the one known, when he long 
subsequently occupied it, as Castle Dangerous. On 
Cumballa Hill there were several large European 
bungalows. Geirgaum, from Gowally Tank on the 
eastward declivity of Cumballa Hill, and Chowpatty 
below Malabar Hill, eastward to the Marine Lines, 
was already thickly dotted, under the over-shadowing 
cocoanut palms, with native houses of the better 
sort; while from the Marine and Native Infantry 
Lines, southward along the green Esplanade, and past 
“the Fort” to Colaba Lighthouse, everything in 1838-9 
was as he found the Island on his return to it in 1854-5. 
The only obvious difference was that at the latter date 
the native town had been extended farther westward 
to Cummatteepoora, and that north of it, through 
Byculla to Parell, and the cocoanut groves of Mahim, 
there was nothing like a cluster of native houses, 
excepting the ancient Cooly village of Seedhool-, 
Sindhoo-, or Sindhool-parra, which it was in after life 
his unpleasant duty to lay level with the ground to 
make room for the Victoria Gardens, and the site of 
the Victoria and Albert Museum. But behind By- 
culla, Mazagaon was full of remarkably handsome 
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residences. In short, speaking superficially between 
1838-9, and 1854-5, nothing had changed, that is to 
say, there was no striking addition to the landscape 
of the Island excepting, on the Parell Road at Byculla, 
the fabric of Grant Medical College, with the Sir 
Jamsetjee Jejeebhoy Hospital behind it: and on 
relanding at the Apollo Bunder after 16 years 
absence he at once felt that he was back again in his 
old home. But he was sure he would not do so now, 
so truly wonderful had been the transformation 
of the Town and Island since he finally left India 
in 1870. Mr. Forrest’s paper had enabled him 
to realise the change very vividly; and it was 
with a pang of downright home-sickness he had 
recognised during the reading of the paper that at his 
age it was no longer possible for him to know Bombay 
as the magnificent city it had nuw become, except at 
second-hand. through so accomplished and sympathetic 
a cicerone as Mr. Forrest. Their heartiest thanks 
were due to Mr. Forrest for the clear and effective 
manner in which he had brought out all the salient 
facts of the copious chronicle of the Town and Island 
as recorded by John Fryer, James Terry, and others 
in past times, and by James Maclean, James Douglas, 
James Campbell, and Gerson da Cunha in 
present times, and collated them with his own 
matured and devoted researches on the spot. All 
present who were true to the pride of Bombay must 
have gratefully appreciated the terms in which Mr. 
Forrest had referred to the names of Sir Bartle Frere, 
Mr. Arthur Crawford, and Mr. James Maclean, in 
connection with the present imperial position of 
Bombay. It should never be forgotten, and in 
Western India it would never be forgotten, that the 
growth of new Bombay was due first and above 
all to Sir Bartle Frere, who planned with a 
wise foresight the development of the old 
walled Town into a spacious and glorious City, 
in which are combined the stately splendour o, 
ancient Alexandria, the unclouded loveliness Or 
Naples, and the transcending enchantments of Venice - 
that after Sir Bartle Frere, it was due to Arthur 
Crawford, who energetically carried out these vast 
improvements without any regard to their cost, or 
any thought of himself; and next to James Maclean, 
the ablest publicist we ever had in India, who gifted 
with a weighty and well-graced literary style, and 


the perfervid genius of his race, steadily magnified 


the name of new Bombay, gave it its inspiring 
motto, “ Urbs prima in Indis,” and crystallised its 
progress in an incomparable ‘‘ Guide to Bombay,” a 
book which, on account of its excellence, delayed, as 
Mr. Forrest has reminded us, for many years the 
publication of Sir James Campbell’s invaluable 
“ Bombay Gazetteer.” With the names of these 
creators of New Bombay must also be associated on 
account either of their unparalleled benefactions, or 
their public-spirited advocacy of its advancement, 
those of Sir Jamsetjee Jejeebhoy, the Honourable 
Jugonnathjee Sunkersett, Mr. Premchund Roychund, 
Dr. Bhau Daji, Sir Munguldass Nathoobhoy, Sir 


Cowasjee Jebanghicr, the Honourable Framjee 
Nusserwanjee Patel, and other leading civic 
celebrities of Old Bombay. His own special 
interest, the Chairman continued, was in the 
Island during what might be termed its com- 
paratively proto - historic,—even pre - historic—or 
Hindoo period, when its seven component islets— 
that is its six hills, and the palm patch of Mahim— 
were still separated from one another by long winding 
creeks, and broad lagoons, and similar inlets from the 
sea; and when its only inhabitants were the abori- 
ginal Coolies, who gave their name to Colaba, z.e., 
Kuli. bhata, or “the Coolies’-land,’’ and to Cooly- 
warra, 7.¢., “the Cooly-village’’ in Colaba, and on 
the seashore behind Seedhool-parra, to Cooly-warree 
in Mahim, to Cooly-warree in Sion, and to Cavel, a 
Portuguese corruption of Cooly-warree, the village in- 
habited by the first Cooly converts to Catholicism. 
The aboriginal Hindoo Coolies wear a knife suspended 
from their necks as the badge of all their tribe, and of 
their ancient sovereignty over the Island; and it was 
also worn by the Catholic Coolies employed in the 
laying out of the Victoria Gardens. They gave the 
poetical names,—derived from characteristic or con- 
spicuous trees or shrubs,— several of which Mr. Forrest 
has cited, to various districts of the Island. The Vic- 
toria Gardens contained some of their oldest shrines, 
and they presented great difficulties in laying out the 
roads in the Garden. One was a flat surfaced rock, 
protruding very slightly above the ground, something 
between an altar [‘ ara” rather than “altaria ”] 
and a phallic stone, the ‘“ Deus Tutanus” [‘ Deus 
Ridiculus’’] of the locality. Not being in the 
way of any projected path, it was “negotiated ” 
by making it the centre of an enclosure in which 
the choicest flowers of the garden were reared, 
and converting it, from a sacrificial altar into 
one for floral offerings, always supplied by himself in 
the form of pots of the rarest flowers in the “‘ nursery.” 
In short, it was turned into a flower stand, like the 
altar in the grounds of Battle Abbey. Every one 
was satisfied, and within three years the shrine was vir- 
tually forgotten. The fakhas, * platform,” or “‘ throne ” 
of a Mahometan faquir, which was also a little off 
a projected road, was similarly dealt with, by con- 
verting it into a most picturesque hermitage covered 
with the Sacguemontia violacea mentioned by Mr. 
Forrest as discovered by Jacquemont in Cashmere, 
and which he, the Chairman, had just then intro- 
duced into Bombay from Belgaum. But the truly 
terrible difficulty was with the sacred trees of the 
locality, thirty-five of which stood in the way of the 
projected roads. It was too soon, even now, to 
publish in detail how they disappeared. It is 
sufficient to say that the extra policemen engaged for 
their especial protection were convinced that they were 
removed by the Gods of the trees themselves : and this 
again completely satisfied everyone really concerned. 
The fact was actually made palpable to not less than 
five policemen, when one night Professor Buhler, 
then a very powerful young man, was called in to 
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assist in dealing with a comparatively large peepool 
tree [Ficus religiosa, cf. * people” and “ poplar ”J, 
and a regularly consecrated eepool, which pre- 
sented problems utterly beyond tbe virtue of 
the usual solutions. They were found to arise from 
the presence in the very heart of the trunk of the tree 
of what seemed a large, ruddled, phallic stone, with, 
behind it, a carved teak wood pillar, over five feet 
high. Both were removed to his bungalow just in time 
to lead to Professor Buhler’s and his own appearance 
in the garden at that witching hour being taken by 
the drowsily awakening police, whose calculated sleep 
their operations had out-timed, for the apparition of 
two divinities. At the bungalow the apparent phallic 
stone was discovered to be a much smaller image of 
Murroottee or Hunoomunt, the universal God of the 
aboriginal Coolies, which through constant anoint- 
ing with vermilion, had—they calculated in not less 
than 500 years—become gradually transformed into a 
phallic stone. The first thing the next morning they 
smuggled the relics into the Museum of the Royal 
Asiatic Society in the Town Hall; and they both 
agreed that nothing should be said about them for 
untold years to come in Bombay. The oldest actual 
Hindoo temple in Bombay is marked by its ruins, 
attributed to the 7th century A.D., in the Seeree, #.e. 
“ Steep,” Road, leading from Chowpatty up the 
eastern face of Malabar Hill; the image built into the 
wall of a garden on its site is said to have belonged 
to it, and is named Lukadavee. But the most 
interesting ruined temple in Bombay is that of 
Wulkeshwar, ‘‘ Lord of the Sand,” at the southern 
point, Sree Goondee [#.e. Lucky Stone], of Malabar 
Hill, attributed to the oth or roth century, A.D. It 
was blown up by the Portuguese, after their wont with 
the shrines and sanctuaries of the Hindoos, but the 
triform head of Wulkeshwar himself was found among 
ts ruins early in the last century, and is now safely 
lodged in the India Museum galleries, next door to 
them. Next in antiquity and most important of all 
the Hindoo temples of Bombay was that of Mom- 
badavee [#.e. Maha, Umba, Amba (Umma, Amma, 
cf. ‘‘mamma’’), Devi], “ the Great Mother Goddess ” 
[z.e. Kalee, or Doorga, the wife of Seewa, here in 
one of her most benignant aspects] of the Coolies of 
Bombay, and the tutelary and patroness of all 
Hindoos in Bombay, and for all the world, ‘‘Our 
Lady of Bombay.” Architecturally it is quite 
unworthy of its “ numen,” or, as it might be more 
correct for him to say, ‘‘nomen’’; but it contains 
not only the shrine of Mombadavee, but shrines of 
Seewa, Hunnoomunt, Gunpooty ([Gana-pati or 
Ganesa}, and others; and the shrines of Our 
Lady of Bombay and the Monkey God are 
thronged all day by the Coolies; and all day long 
the worshippers at all the shrines pass to and fro, and 
the smoke of the incense rises up on every side, and 
the tinkling of little bells, and the clangour of larger 
ones, fills the whole air around. His father once 
obtained admission into the temple for the missionary 
Joseph Wolf. He was deeply aff:cted by the wor- 


ship, and burst into tears, overcome by the thought 
that the ritual of the Temple of his race should be so 
prostituted as he expressed it to the service of devils. 
(Tacitus, A: II, 85, Judaica sacra; H. II, 4, J: 
superstit: pervicacia]. His (the Chairman’s) earliest 
associations were with the rippling and clanging of 
those bells, and to him,—and was not he too a 
Cooly of Bombay ?—no part of the Old Town 
was more fascinating than the precincts of the 
Mombadavee temple. The temple of Maha- 
lukshmee [wife of Veeshnoo], literally “The Great 
Luck,’ and here “The Great Prosperity of Bom- 
bay,” is smaller than that of Mombadavee, and 
less important in the estimation of the Hindoos; but 
it is the most conspicuous of all in the Island, and 
has a singular and most suggestive interest for all 
Englishmen. The goddess is associated in the temple 
with Suruswuttee, the wife of Brahma, and Parwuttee, 
the wife of Seewa, in another of her benignant 
aspects. At one time their three images were en- 
shrined in a temple at Woorlee, the Ficus indica 
Grove. But on the Mahometans invading the 
Island the goddesses carried them down into the 
depths of the sea, by Breach Candy, between 
Worlee and Cumballa Hill, there to find a sure 
refuge from profanation in the submarine palace 
of Varoonna. But on the establishment of the 
English on the island, the three gracious goddesses 
appeared before a fisherman who was casting 
his net under Worlee, and told him that they 
now greatly desired to return to the Island if the 
English would grant them a site for a new temple; in 
which case they offered to help them in building the 
Vellard, or ‘“ embankment,” across Breach Candy. 
Governor Hornby at once, so the tradition now at last 
recorded by da Cunha, runs, acceded to the wishes of 
the three shining ones, and gave them the ground on 
which the present temple, overlooking Breach Candy, 
is built. The existence of such a tradition is a re- 
markable proof of the deep abiding sense the people 
of India everywhere entertain of the security, justice, 
and freedom they enjoy under British rule. If also 
actual history is mythologised in the tradition, it 
supplies another illustration of the truly Hellenic 
spirit, the only true Imperial spirit, which actuated the 
whole policy of the East India Company in its rela- 
tions with the social and religious life of the Hindoos. 
Moreover, the fact that the Breach Candy Temple of 
the three ‘‘suktees” (z.e. female powers of the 
Hindoo Triad] is now known only as the temple 
of Mahalukshmee, “The Great Prosperity ’’ is 
most poetical and emphatic evidence of the grate- 
ful and devout recognition by the Hindoos of 
Bombay of the unprecedented material benefits in 
which they have luxuriated, not to say revelled, 
from at least 1708, under British rule. The pity 
is that this temple again should’ be unworthy of 
its glorious site. A similar legend is current of 
the temple of Phruboowattee, the worship of the 
Prubhoos, in Mahim. On the Portuguese taking 
possession of the Island in 1530 the image of the 
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goddess was hidden away from them in a well, where 
it remained until 1739, when the goddess appeared to 
one of her worshippers in a dream and bade him 
restore her temple and her image to it. The image 
is interesting also as one of the few to be seen in 
Bombay possessed of anything like the grace and 
beauty and sweetness which in the West we associate 
with the statues of goddesses. Again, it is said of 
the Gaumdavee [“ Village-Goddess’’] temple under 
Malabar Hill, tbat its image, another benignant form 
of Kalee, under the name of Leelawattee, remained 
hidden among the rocks above Chowpatty until its 
hiding-place was revealed in 1718, only ten years 
after Bombay was made a Presidency Town, inde- 
pendent of Surat, to Bapoojee Mahtre. The name of 
the goddess and her discoverer make one curious 
to know whether the latter was an ancestor of 
Mr. Mahtre, whose statuette as Suruswattee attracted 
so much attention at the Paris Exhibition last year, 
and who is also known for his charming statuette of a 
Hindoo girl proceeding, with an offering of flowers, 
“ To the Temple.” There are other notable temples 
in Bombay, such as the Baboolnath temple, Fryer’s 
“ prodigious pagoda,” on the top of Malabar Hill; 
the Bhuvanee-Shankar temple, near Gowally Tank ; 
the Thakordwar [‘‘Lord of the (open) Door”) 
temple of Rama and Lukshman, in Giergaum ; the 
Ramdavee, Withalwady, and Khalkadavee Temples, 
in Khalkadavy ; the Bholeshwar temple, sacred to 
Seewa, as ‘‘ The Providence of Fools,” in the ward 
of the same name; the Gunpootty temple in the 
“ Cloth Market,” — 
“ Where the outland merchants sit, 
Like kings above their merchandise, 
Lying to foolish men and wise; ” 

the Venkatesha temple in ‘the Fort”; and the 
many temples of Hunnoomunt to be found in every 
ward of the Town, and every village of the Island. 
The lesser, and obscurer shrines, some mere stocks 
and stones, are almost numberless; but they all 
deserve attention, for they are all landmarks of 
social and religious, and as has been shown, of 
political history. And again he would emphasise 
the fact that, without exception all these Hindoo 
temples of Bombay are of joyous gods. Even 
the Saiva temples are of beneficent aspects of 
Seewa, or Kalee. This note of joy was the 
predominant characteristic of Hinduism, and of 
Hindu art, which is ritualistic art. It is 
clear and resonant throughout Gujerat and Kattya- 
war; and would appear to be increasing in 
volume over all Western India. Surely this is a fact 
of some political significance, and deserving of some 
consideration from English statesmen, and publicists, 
and politicians, interested in the intelligent, righteous, 
and sympathetic administration of British India. In 
conclusion, he particularly desired to impress upon 
both the educated and the wealthy Hindoos of 
Bombay the duty that lay on them before any others, 
of numbering and registering all the shrines on the 
Island, recording their history and legends, and so 
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far as possible restoring them on a scale and in a 
manner proportioned to their historical and religious 
importance, and the architectural suggestiveness of 
their sites. If they had any proper pride in the 
maintenance of their great historical personality, and 
the continuation of their sacrosanct social organisa- 
tion, and communal polity, and any interest in the 
evolution on traditionary lines of their profoundly 
idiosyncratic religion, arts, and general culture, they 
must feel that they owe this obvious duty to the 
ashes of their fathers and the altars of their gods. 


Sir M. M. BHOWNAGGREE, K.C.I.E., M.P., said, 
knowing Bombay as he did, he thought Mr. Forrest 
had done justice to its past history and its present con- 
dition. If time had permitted he would doubtless have 
referred to many more persons and many institutions 
connected with the capital of the Western Presi- 
dency: for instance, he might have dwelt upon the 
fact that it was Sir Jamsetjee Jeejeebhoy who first 
laid the foundations, as it were, of modern Bombay 
in its public life and public works by his magnificent 
and cosmopolitan benefactions. Had it not been 
for the great example set by that gentleman it was 
doubtful if the public spirit of Bombay would have 
developed so greatly as it had done in the last 
century. Bombay of all places in Hindoostan 
thus proved what natives of India could do in the 
way of developing the country under good guidance 
and encouragement, and a safe and peaceful Govern- 
ment. While much had been heard that evening 
of the improvements which had taken place, and 
the blessings conferred upon the metropolis of 
Western India by English administration, and 
while the audience had been living for the last 
two hours in a sort of reposeful contemplation of the 
glories of a city which possessed the advantages of 
many of the greatest Western cities, one point which 
admitted of some discussion was the fact, which Mr. 
Forrest brought out, that life in Bombay was one round 
of pleasure combined with business. Mr. Forrest, 
in that part of his paper, had dealt, however, more 
especially with the Anglo-Indian mode of life. He 
(Sir M. M. Bhownaggree) was happy to think that 
Bombay had become so inviting a place for Euro- 
peans, but he might be forgiven if he broke a rather 
pleasant vision by saying that those very means which 
had in recent years contributed to make the life of a 
European resident so pleasant, were also acting, 
possibly unwittingly and unconsciously, in drawing 
away that sympathy from the social life of the natives, 
which he believed it was the duty of every English- 
man in India to extend to their fellow-subjects. He 
did not complain in a narrow spirit—the spirit in 
which some people were in the habit of complaining 
—of the exclusiveness of British officers and British 
merchants. They fully deserved all the pleasant con- 
comitants of life which they enjoyed; and he almost 
went to the verge of saying that natives ought in their 
own spheres to follow the example set them by 
Europeans, and provide similar means of enjoyment. 
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At the same time, he would point out that clubs and 
institutions in which the better classes could without 
distinction of race mingle together were essential to 
the continuance of friendly relations between the two 
communities, that there should be between them an 
ever-growing sympathy and social intercourse; and 
he believed that if these could be increased British 
rule would be even more acceptable to the Indian 
inhabitants of the large cities than it was at present, as 
its methods and motives would be better understood. 


Sir CHARLES CECIL STEVENS, K.C.S.I., felt that, 
as the representative of another Province (Bengal), he 
might very well come forward and express his thanks 
to Mr. Forrest for his description of the great city of 
Bombay. Mr. Forrest had approached the subject 
in no spirit of provincial aggressiveness ; he did but 
reasonably and justly display the charms of Bombay 
to the admiration and envy of all who had not the 
good fortune to be connected with that place. 
With regard to the high claims made by Bombay 
for precedence in respect of population, he noticed 
considerable fluctuations in the Table. In 1864, for 
instance, the population was said to be 816,000, 
and only eight years afterwards it was said to be 
644,000, a decrease of no less than 170,000. In 
the comparison of the population of Calcutta with 
that of Bombay one point was apt to escape 
notice, namely, that the population assigned to 
Calcutta was merely that of the city within the 
Mahratta ditch. He was himself chairman, some 
twenty years ago, of what was called the Suburban 
Municipality, which went half round Calcutta. The 
population of Calcutta within the Mahratta ditch 
was 450,000, while the population of his particular 
municipality was 250,000 more, which made 700,000. 
Then there was Howrah, across the river, with nearly 
100,000, and the North and South Municipalities ; 
so that, altogether, he thought the two great cities 
were as nearly as possible on a par. 


Mr. FORREST thought the sudden great increase 
of population as shown by the figures was due to the 
prosperity of Bombay. Seventy-two millions of 
extra money were brought into the place in three 
years, and at that time the ramparts were being 


pulled down, the ditch filled up, and a large army of] 


labourers employed on the extensive reclamation 
works taken in hand at that time. 


Mr. MARTIN Woon said there were many present 
who used to be proud of what had been called the 
Kingdom of Bombay. For the last year or two there 
had been great depression and discouragement at 
the desolation which had taken place in Bombay, 
and at the injury to its prosperity; but this 
paper would tend to restore again the ancient pride 
in the capital of Western India. With regard to the 
trade of Bombay, the great change had been due to 
the Suez Canal and the construction of docks for 
ocean going ships. But Mr. Forrest and others could 
recall what years of effort were needed before lighter- 
age could be superseded, and the principle accepted 


of one lift from ship to shore. Bombay required 
large docks and it bad now got them, and in that way 
it had taken a new and important position. The 
first wet dock east of Suez was built by the 
Sassoons; and these illustrations exhibited by Mr. 
Forrest showed the enormous extent to which modern 
dock accommodation had gone. That was one of 
the most instructive instances of the substantial pro- 
gress of the country. Bombay differed from Calcutta 
in having no large river system behind it, but it had 
a large extent of productive and fertile coast, with 
which its trade had been nourished from time 
immemorial. But, considering the heavy misfortunes 
recently fallen on the town and island of Bombay and 
the great cost of rebuilding the native town, he 
thought there was a need now for Imperial assistance to 
give the city a lift into the position it ought to occupy. 


MEETINGS FOR THE ENSUING WEEK. 
Monpay, June 17...British Architects, 9, Conduit-street, 
W., 8 p.m. 
Turspay, JuNE 18...Statistical, 9, Adelphi-terrace, Strand, 
W.C., 5 p.m. Mr. Wynnard Hooper, ‘‘ The Recent 
Gold Production of the World.” 
Zoological, 3, Hanover-square, W., 8} p.m. 1. 
Mr. R. Shelford, “ Observations on some Mimetic 
Insects and Spiders from Borneo and Singapore ’’ 
(with lantern illustrations). 2. Mr. J. E. S. Moore, 
“ Further Researches upon the Molluscs of the 
Great African Lakes.” 3. Dr. R. Bowdler Sharpe, 
“ The Collections of Birds made by Dr. Donaldson 
Smith in Northern Somali-land.”’ 
WEDNESDAY, JUNE 19...Meteorological, 70, Victoria-street, 
S.W., 44 pm. 1. Mr. H. Helm Clayton, “ The 
Eclipse Cyclone, the Diurnal Cyclones, and the 
Cyclones and Anticyclones of Temperate Lati- 
tudes.” 2. F. Mr. Napier Denison, ‘‘ The Seismo- 
graph as a Sensitive Barometer.” 
Geological, Burlington-house, W., 8 p.m. 
Microscopical, 20, Hanover-square, W., 8 p.m. 
Mr. J. W. Gordon, “An Examination of the 
Abbe Diffraction Theory of the Microscope.” 
Mining and Metallurgy, Geological Musenm: 
Jermyn - street, S.W., 8 p.m. 1. Mr. Edgar A.. 
Ashcroft, “Sulphide Ore Treatment (Phoenix 
Process).”” 2. Mr. F. J. Stephens, “Mineral 
Features of Pahang, Malay Peninsula.” 3. Mr. 
Ll. Parker, ‘‘Notes on Winding and Pumping 
Plant Driven by an Oil Engine.” 4. Mr.G. A. 
Troye, “ Additional Notes on Mine Surveying.” 
5. Mr. A. Cairn Hodge, “Mining and Other 
Statistics of the Thirty Mexican States.” 
THURSDAY, JUNE 20...Royal, Burlington-house, W., 4} p.m. 
Antiquaries, Burlington-house, W., 83 p.m. 
Linnean, Burlington-house, W., 8 p.m. 1. Messrs. 
W. West and G. S. West, ‘‘ The Freshwater Alg 
of Ceylon.” 2. Messrs. George Massce and E. 
Salmon, ‘‘Coprophilous Fungi.” 3. Mr. N. E. 
Brown, “ Revision of the Genus Hypericophyilum, 
Steetz, with Notes on certain genera with which it 
has been confused.” 
Chemical, Burlington-house, W., 8 p.m. 
Historical, Clifford’s-inn Hall, Fleet-st, E.C., 84 p.m. 


Numismatic, 22, Albemarle - street, W., 7 p.m. 
Annual Meeting. 


FRIDAY, JUNE 21...Botanic, Inner Circle, Regent’s-park, 
N.W., 4 p.m. Mr. R. Hedger Wallace, Com- 
mercial Crop Cultivation in the British Colonies.” 
(Lecture ITT.) 


Quekett Microscopical Club, 20, Hanover-square, 
W.C., 8 p.m. 
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benture Stock...... 217 © O 27410 O 
Queensland 4 per 
Cent. Bonds........ 1,500 O O 1,5735 o o 
Natal 4 per Cent, 
Stock. aenean. 500 o o 565 0 o 
Ground Rents 
(amount invested) 10,496 2 9 10,496 2 9 
New River Co. 
Share (New)........ 100 0 0 40710 0 
National WarLoan 1,251 11 o 1,226 10 4 


18,571 12 3 


18,071 9 § 
„ Subscriptions of the year un- 
collected... eeens 529 4 0 
» Arrears,estimated asrecoverable 147 0 o 
— 676 4 0 
» Property of the Society (Books, Pictures, &c.) 2,000 o o 
», Advertisements on the Books, due, and in 
Course of ExccutiONn...........ccccccccceeeeee cence noes 394 Iu 
», Cash in hands of Messrs. Coutts and Co., 
gtst May, TOOL ceds.cou dess riten oarit 2,029 0 


1 
» Do. on Deposit (against interest on Trusts). 400 o o 


£24,070 18 3 £24,070 18 3 
——_—A a 


FUNDS HELD IN TRUST BY THE SOCIETY. 


Dr. Swiney’s Bequest .............ssccssesescecseeeneees £4,477 10 o Ground-rents, chargeable with a sum of £ 200 once in five years. 
i qone Stock?” TrUSt icsicccaesdeissieisedesaeetiscecseivens 100 o o Consols, chargeable with the Award of a Medal. 
“u Benjamin Shaw” Trust for Industrial 
ygiene .......s.esneeesesesrenstseesseeeseos ieuatouwusiceds 133 6 8 if i » Of Interest as a Money Prize. 
North Fondon Exhibition Trust... 192 2 1 5 v ” 
“ Fothergill ” Trust ...........0..:c00s0 eens Siene atesa 388 1 4 j 5 », ofa Medal. 
| Murray, in aid of a Building Fund ............... 54 18 o i 
ubscriptions to an Endowment Fund ............ 562 2 2 » 
Dr. Aldred’s Uest... eses. oean essiant 220 2 3 Pe chargeable with the Award of a Prize. 
Thomas Howard's Bequest....... igsetines E A 500 o o Metropolitan Railway 4 per Cent, Perpetual Preference Stock, 
r anean wiri me ware of zÀ pon for an iA i 
’ 2,450 0 O ombDay an aroda Railway Stoc nterest appli to the 
Dr. Cantor's Bequest...s...-sssersesssersreserestesens | aes 11 3 Ground-remts..............cccscecsesseeseeees Cantor Lectures. 
“ Owen Jones ” Memorial Trust aeee. 423 o o Canada 4 per Cent. Stock, chargeable with the Award of Prizes 
to Art Students. 
“ Mulready ” Trust ..essessseossersesreseeserosssrassere 105 16 o South Australia 4 per Cent. Stock, the Interest to be applied to 
keeping Monument in repair and occasional Prizes to Art 
Students. 
Alfred Davis’s Bequest............sesessoecsorerseescsseso 1,953 o o Great Indian Peninsula Railway 4 per Cent. Guaranteed 


Debenture Stock. Interest at the disposal of the Council 
for promoting the objects of the Society. 
Amount to cover accumulated Interest on Trust 
Punt A E E T 400 o o On Deposit with Messrs. Coutts and Co. 


£14,655 9 9 


TOTAL OF INVESTMENTS &c., STANDING IN THE NAME OF THE SOCIETY (INCLUDING SOCIETY’S 
ACCUMULATED FUNDS AND TRUSTS AS ABOVE). 


Ground Rents (amount of cash invested) ................:cccssesseeeccssceescsscaeecseees eee cceaseaceeeneneesens $17,669 4 o 
Consols aea eer E ECAA SAA A EAEN ESE tee eis EO ET ENEA deat 3,626 18 1 
Metropolitan Railway 4 per Cent. Perpetual Preference Stock ............:::cescceeeseseceenenees 500 o o 
Rombay and Baroda Railway 5 per Cent. Guaranteed Stock ............... PETE seas 2,450 0 o 
Canada 4 per Cent. Stock .........os.eesssovsoeonessossreroreesosrsesessesroseonorerroseseraces aaa daS 923 0 o 
South Australia 4 per Cent. Stock ..............ccccsscsscncnsccseetsseeescsescseeescescesceecseonssseeeseseuseaes Gos 16 o 
New South Wales 33 per Cent. Stock.................neessseossessenesosssssesrstovsserestsessssureressresssssroeo &30 10 1 
New South Wales 4 per Cent. Stock ..............usessssenssorsssrssserisrressertsssorertonsessesonsrsessrrseseee 500 0 o 
Great Indian Peninsula Railway 4 per Cent. Guaranteed Debenture Stock ..................... 2,170 0 0O 
orenean å Per Cent: Bonde esrar iise ie nase ap oriee s TE EA EKE ANA EENE CESEN KIN a Ea ENTE 1,500 0 o 
atal 4 per Cent. Stock ........... ec ccccccceeceeeeeeeee PA EE EEE E cavanieenose cae - 500 0 o 
New River Company Share (Now) ................ccccsccsccsceseeeeseneecucenecsstesencceeenceaceeeeeeseecceeesens 100 0 o 
National War Loan cca cstys sc uventieencike ss sense daye tei EAREN VENKEL ENRE ENEA E PSr a ES aeo 1,251 II O 
Cash on Deposit with Messrs. Coutts and Co. ...esessssssssssssenesseseassnrseorovesatenesse seresereeacose 400 o o 
Society’s Accumulated Funds...................cecesees 18,071 9 § 
Trust Funds held by Society ...........ccccceeee 14,655 9 9 £32,726 19 2 


re A a ea e a a a e 


The Assets, represented by Stock at the Bank of England, and Securities, Cash on Deposit, and Cash 
balance in hands of Messrs. Coutts and Co., as above set forth, have been duly verified. 
OWEN ROBERTS, 
OWEN TUDOR BURNE, 


__, Hgyrv TRUEMAN Woon, Secretary, Knox, Cropper & Co., Auditors. 
Soci¢ty’s House, Adelphi, 18th Jupe, 190}. . . A y ATMETOT]. 


} Treasurers. 
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THE ALBERT MEDAL. 


By command of the King the Council of the 
Society of Arts attended at Marlborough- 
house on Friday, 14th inst., when Sir Frederick 
Bramwell, President of the Society, presented 
to His Majesty the Albert Medal. 

Sir Frederick Bramwell said :— 


MAY IT PLEASE YOUR MAJESTY, 

As the President, for the time being, 
of the Society of Arts, there devolves upon me 
the duty and the privilege of addressing Your 
Majesty, on behalf of the Council and Officers, 
and of the Members of that Society, to express 
our ardent desire that you will be graciously 
pleased to accept, in this, the first year of the 
century, the Albert Medal—a medal esta- 
blished in 1863 as a token of the grateful 
remembrance the Society entertained of the 
services of your illustrious father—the Prince 
Consort—in stimulating the Manufactures and 
Arts of the United Kingdom, and in largely 
contributing to their development. 

May I also be permitted to recall your 
Majesty’s recollection to the fact that there 
exists a most noteworthy precedent for the 
acceptance of this Medal by the Sovereign, in 
the instance of Her revered and beloved 
Majesty, Queen Victoria. 

Under these circumstances, the Society 
ventures to hape that you, who honoured it for 
so many years by being its President, and who 
now still further honour it by becoming its 
Patron, will be good enough to receive the 
Medal which the Society ventures to offer. 

With your Majesty’s permission I will read 
the resolution of the Council in making the 
award :— 

“To His Majesty King Edward VII. in recog- 
nition of the aid rendered by His Majesty 
to Arts, Manufactures, and Commerce 
during thirty-eight years’ Presidency of 
the Society of Arts, by undertaking the 
direction of important Exhibitions in this 
country and the executive control of British 
representation at International Exhibitions 
abroad, and also by many other services 
to the cause of British In dustry.” 


THE KING, in reply, said that he was much 
gratified and touched by the offer, on the part 
of the Society of Arts, in this, the first year of 
the century, of the interesting Medal estab- 
lished by the Society in memory of his lamented 
father, the Prince Consort. Its value was 
enhanced by the fact that some few years ago, 
when President, he had presented the same 
Medal to his beloved mother. 


During the many years he was President 
of the Society, he had watched over its 
destinies with interest, and the work connected 
with the office was, to him, a labour of love. 

In conclusion, His Majesty added that, 
although he had ceased to be President, and 
would no longer be called upon to dis- 
charge any active duties in connection with 
the Society, yet, as Patron, he would continue 
to take a warm interest in its continued 
prosperity. 

The following are the names of those who 
were present :—Sir Frederick Bramwell, Bart., 
D.C.L., F.R.S. (President), Sir Frederick 
Abel, Bart., G.C.V.O., K.C.B., F.R.S., Sir 
Steuart Colvin Bayley, K.C.S.I., C.I.E., Sir 
George Birdwood, K.C.I.E., C.S.I., Major- 
General Sir Owen Tudor Burne, G.C.I.E., 
K.C.S.I., Sir Edwin Durning-Lawrence, Bart., 
M.P., SirCharles Malcolm Kennedy, K.C.M.G., 
C.B., Sir William Lee-Warner, K.C.S.I., M.A., 
Dr. Ludwig Mond, F.R.S., Hon. Richard 
Clere Parsons, Sir Walter S. Prideaux, Sir 
Owen Roberts, M.A., D.C.L., F.S.A., Sir 
William Chandler Roberts-Austen, K.C.B., 
F.R.S., Alexander Siemens, Joseph Wilson 
Swan, F.R.S., Carmichael Thomas, John I. 
Thornycroft, F.R.S., with Sir Henry Trueman 
Wood, M.A. (Secretary), and Henry B. 
Wheatley, F.S.A. (Assistant Secretary). 


ANNUAL GENERAL MEETING. 


The Council hereby give notice that the 
One Hundred and Forty-seventh Annual Meet- 
ing for the purpose of receiving the Council's 
Report and Treasurers’ Statement of receipts, 
payments, and expenditure during the past 
year, and also for the election of officers and 
new members, will be held, in accordance with 
the By-laws, on Wednesday, 26th June, at 
4 p.m. 

(By order of the Council), 
HENRY TRUEMAN WOOD, 
Secretary. 


MEDALS. 


The Council have awarded the Society’s 
Silver Medal to the following readers of Papers 
during the Session 1900-1901 : — 

To Major RONALD Ross, F.R.S., for his paper on 
« Malaria and Mosquitoes.” 

To Dr. W. SCHLICH, C.LE., F.R.S., for his paper 
on “The Outlook for the World’s Timber Supply.” 
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To Lieutenant ARTHUR TREVOR Dawson, late 
R.N., for his paper on “ Modern Artillery.” 

To Fritz B. BEHR, Assoc. Inst.C.E., for his paper 
on “The Proposed High-Speed Electrical ‘ Mono- 
rail’ between Liverpool and Manchester.” 

To Percy R. Macquoip, R.I., for his paper on 
“ Evolution of Form in English Silver Plate.” 

To Professor RAPHAEL MELDOLA, F.R.S., for his 
paper on ‘‘ The Synthesis of Indigo.” 

To Sir JosHuA Fitcu, LL.D., for his paper on 
“ School Work in Relation to Business.” 

To GUGLIELMO MARCONI, for his paper on 
“ Syntonic Wireless Telegraphy.”’ 

To HENRY JOHN Tozer, M.A., for his paper on 
“The Growth and Trend of Indian Trade -A Forty 
Years’ Survey.” 

To Colonel Sir THOMAS HUNGERFORD HOLDICH, 
R.E., K.C.LE., C.B., for his paper on ‘‘ The Greek 
Retreat from India.” 

To JOHN DAVID RRES, C.I.E., for his paper on 
‘* Madras, the Southern Satrapy.”’ 

To the Hon. Sir JOHN ALEXANDER COCKBURN, 
K.C.M.G., for his paper on “ The Commonwealth of 
Australia.” 

To Lieutenant CARLYON W. BELLAIRS, R.N., for 
his paper on “The Coal Problem: its Relations to 
the Empire.” 

To WILLIAM Burton, F.C.S., for his paper on 
“ Recent Advances in Pottery Decoration.” 

To HuGH STANNUS, F.R.I.B.A., for his paper on 
“ Some Examples of Romanesque Architecture in 
North Italy.” 

The thanks of the Council were also voted to 
the following members of the Council :— 

To ALEXANDER SIEMENS, for his paper on 
“ Patent Law Reform.” 

To R. BRUDENELL CARTER, F.R.C.S., for his 
paper on “ Testing and Training Distant Vision, with 
special reference to Military Requirements.” 


CONVERSAZIONE. 


The Society’s Conversazione will be held, 
by arrangement with the Council of the Royal 
Botanic Society, in the Gardens of that Society, 
Inner Circle, Regent’s-park, on Friday, the 
28th of June, from 9 p.m. to 12 o’clock. 

Two entrances to the Gardens will be used, 
the principal entrance facing the road leading 
to York-gate and St. Marylebone Church, and 
the entrance on the north side of the Gardens. 
A covered way leads from the latter into the 
Conservatory. 

The Royal Botanic Society’s Exhibition of 
Rhododendrons will be on view. There will 
also be a special Exhibition of Roses by 
Messrs. William Paul and Son, of Waltham- 
cross, in a marquee on the West Lawn. The 


marquee will be illuminated by the new Kitson 
Incandescent Oil Light. 

A Pastoral Play, for the benefit of the 
‘Soldiers’ and Sailors’ Families’ Associa- 
tion,” will be given in an adjacent portion of 
the Gardens. Arrangements have been made 
by which 400 tickets of admission to the play 
have been placed at the disposal of members 
of the Society of Arts. These tickets will be 
issued to members applying for them till they 
have been disposed of. Not more than one 
such ticket will be issued to each member, but 
additional tickets can be purchased at the 
Society’s office, price 2s. 6d. each. Reserved 
seats can also be obtained, price 10s. 6d. The 
Pastoral Play commences at 8.15 p.m. Admis- 
sion to the portion of the Gardens reserved for 
it can only be obtained at the East Gate, but 
persons with invitation cards to the Conversa- 
zione can pass into the principal part of the 
Gardens on giving up their cards. 

A Selection of Music will be performed by 
the String Band of the Royal Artillery in the 
Conservatory, and by the Band of the Grena- 
dier Guards in the Gardens. 

A vocal and instrumental concert by the 
Royal Criterion Hand Bell Ringers and Glee 
Singers, under the direction of Mr. Harry 
Tipper, will be given at intervals in the Club 
House. 

Light refreshments (tea, coffee, ices, claret- 
cup, &c.) will be supplied. 

Cloak - room accommodation being very 
limited, visitors are recommended, as far as 
possible, to retain their hats, coats, and wraps, 
which may be required for use in the Gardens. 

Invitation cards have been issued to the 
members. In addition to this, a limited 
number of tickets are on sale to members of 
the Society, or to persons introduced by a 
member, at the price of 5s. each, if purchased 
before the day of the Conversazione. On that 
date the price will be raised to 7s. 6d. 

Members can purchase these additional 
tickets by personal application, or by letter 
addressed to the Secretary. In all cases of 
application by letter a remittance must be 
enclosed. Each ticket will admit one person, 
either lady or gentleman, and must be signed 
by the member applying for it. 

Tickets will only be supplied to non-mem- 
bers of the Society on presentation of a letter 
of introduction from a member. 

It will greatly facilitate the arrangements if 
members requiring additional tickets will 
apply for them at as early a date as 
convenient. 
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The Council reserve the right of stopping 
the sale of tickets or of raising the price, 
if it is found necessary, in order to re- 
strict the number of visitors within reasonable 
limits. 

Further particulars as to the musical and 
other arrangements will be given in the pro- 
grammes, which will be distributed on the 
evening. 


Proceedings of the Society. 
———__< 
APPLIED ART SECTION. 
Tuesday evening, May 21, 1901; SIR JOHN 
EVANS, K.C.B., F.R.S., Chairman of the 
Council, in the chair. 


The paper read was - 


AND DEVELOPMENT OF 
EGYPTIAN ART. 


By Pror. W. M. FLINDERS PETRIE, D.C.L. 


When a summary of what was known on 
early art in Egypt was read by me here eight 
years ayo, I had to say that not a single 
sculpture was dated before: the [Vth dynasty, 
and that the rise and course of this art were 
still buried. But every year since then has 
yielded some portion of the early art, until now 
we can trace it from the very beginning. 

Our first view of any civilisation in Egypt 
starts with the beginning of cultivable land, on 
the first deposits of Nile soil, about 7000 B.C. 
Before that Egypt was only a rocky gorge 
frequented by wild animals and palaeolithic 
hunters. The oldest graves that are known are 
of a settled pastoral people, and shew that 
pottery and small quantities of copper were 
already possessed by the rude inhabitants. But 
this civilisation rapidly developed in the fertile 
valley of the Nile, and the first steps of art are 
seen in the white clay paintings on the red 
pottery vases. These paintings are usually 
figures of goats, but some are known of 
hippopotami and human figures. This style of 
pottery painting disappeared in the early part 
of the prehistoric age, only being found in the 
first tenth of the known graves. 

The carving of slate palettes in animal 
forms begins at its best in almost the earliest 
graves, and underwent continued degradation 
through the whole prehistoric period. The 
best work on slate was that of the incised out- 


THE RISE 


lines, such as the fine elephant which belongs 
to the first fifth of prehistoric times. Note how 
the creasing of the thick skin, the lank mass of 
the hind leg, and the lean forward of the beast, 
were all felt and expressed by the artist. 

The favourite scope for animal figures was 
in the ivory and bone carvings on the heads of 


FIG. I. 


IvokY COMBS OF THE EARLY PREHISTORIC AGE 
6000-7000 B.C. 


combs. These belong almost entirely to the 
first third of this age. They are, however, but 
rudely treated, and no fine or spirited work is 
found among them. The usual subject was a 


Fic. 2. 


IvokyY COMB, WITH HEAD OF PREHISTORIC MAN. 


bird, but there is occasionally the figure of a 
quadruped. One of the latest, about half 
through the prehistoric, and certainly the most 
important, is the bust of a man, which shows 
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the type of these people: the forehead high, 
beard pointed, and general type closely like 
the Libyo-Amorite. The same type is seen in 
the other figures carved in the round, in 
alabaster, slate, and ivory. The general low 
level of the figure work among these people, 
co-existed with a very fine taste and skill in 
purely mechanical outline, as seen in the 
pottery and stone vases. 

Of the later part of the prehistoric age, many 
examples of drawing remain on the painted 
pottery ; and of the same style, but more varied, 
are the paintings onatomb. This ship with 
cabins on it, is much like those shown com- 
monly on the pottery. The articles being 
stowed on the tops of the cabins, show that 
they were solidly built. The propelling power 
is, by the vase paintings, seen to have beena 
long single bank of oars, as many as fifty or 
sixty being represented. As regards treatment 
the figures of women above the ship are 
doubtless intended to be on the opposite side of 
the creek, raising their arms with the familiar 
Egyptian wail at the departure of relatives; 
this may very probably refer to the voyage of 
the dead, parallel to the farewell scenes on 
Greek tombstones. Other scenes show the 
wild animals and hunters; the circular trap 
for catching the feet of the game, with five deer 
standing around it; and the hunter cutting up 
his prey. . 

Another long line shows the combats of two 
different peoples—one black, they other red. 
One black man has taken three captives, and 
is attacked by two red men. In one single 
combat an adversary is killed; in another he 
has fallen on one knee, and has taken off his 
skin cloak to serve as a shield; three women 
in long white gowns sit by watching the fight. 
In all of these we see a falling off from the best 
work, such as that of the elephant just noticed; 
and this accords with the general fact that the 
prehistoric civilisation was decadent before 
the incoming of the dynastic race. 

There is a strong contrast between the pre- 
historic and the dynastic art. The former was, 
at its best, far inferior to the rough work of the 
later people ; while in mechanical ability the 
later people show no marked improvement, and 
in some respects—such as flint work—they 
never reached the prehistoric level. 

The earliest work that may be assigned to 
the dynastic race is the first statue of the 
god Min from Koptos, made rather before 
B.C. 5000. The figure is of the rudest, a long 
block with legs and arms marked by grooving ; 
yet on the side of it, roughly hammered on the 


surface, is an excellent head of a stag and two 
pteroceras shells. On another statue of Min 
which is more elaborated, there are several 
carvings, of which the hyena chasing a calf is 
the best, showing a gooi sense of expression 
and character. 

At Koptos were also found pieces of pottery 
figures in the round, which explain how the 
Egyptians attained at once such a fine style in 
sculpture when they adopted working in stone. 
The pottery is only of coarse clay, black inside, 
but a fine face of haematite was burnished on 
the surface, which gave a high finish to the 
work. Only fragments were found at Koptos, 
such as the torso shown here; but a noble 
figure of a lion comes from Hierakonpolis. 

From the same site comes our next half- 
dozen examples of the art shortly before the 
first dynasty. A great mass of ivory figures 
have shown what abundance of such work there 
was in this age, and how complete a mastery 
of carving had been attained. Beside the good 
proportions of the figures, we see in the carving 
of the heads real portraiture, as true to a type 
as any of later time. The characteristic form 
and expression of this head belongs to a fair 
race, and is identical with the Libyo-Amorite 
type, like the earlier head of prehistoric 
work. Hence we may accept this as the best 
portrait of the prehistoric race. The mixture 
of a negro element with the Libyan is well 
shewn in another head carved in limestone. 
I was struck by seeing the exact living type in 
a train; and, on listening, found it was an 
American, doubtless from the Southern States, 
negro-European in source. In all this work, 
though traces of archaic style cling to it, yet 
the power of expression is of the best, as showing 
character and race. . 

A rougher kind of work appears in the little 
glazed pottery figures of animals of the same 
period, which are interesting as showing the 
freedom of using glazes at so early a date. 
Glazed beads are, indeed, found very early in 
prehistoric times, but larger objects of glazed 
quartz and glazed pottery seem to come into 
use under the earliest kings. Glazed tiles 
were also made at that time for wall decora- 
tion, and continued into the third dynasty. 
(Fig. 3, P- 595.) 

The fine work in hard stones seems to have 
come to a climax under these earliest kings, 
as nothing has exceeded in size and work the 
great syenite bowl frum Hierakonpolis. The 
next in size (in the British Museum) is of the 
age of Mena, as shown by the material. The 
grandest point of such work may then be put 


Bune 21, 1901.) 


JOURNAL OF THE SOCIETY OF ARTS. 


595 


to a little before the first dynasty, or about 
- 4800 B.C. 

We now come to the most important of early 
monuments, the carved slate palettes. 
since the discovery of that of Narmer, which is 
now fixed by his tomb as being just before 
Mena, we inay date all such carving to the 
pre-Menite kings. 

The only slate with entirely animal figures 
was found at Hierakonpolis. It has great 
interest zoologically, as showing several 
animals now extinct in Egypt; and it has 
probably an historical meaning, as represent- 
ing tribes by their own emblems. But here 
we are only concerned with it as a monument 


| 
| 


And | 


we know to be later work. The lion in a town 
enclosure on the reverse has much the same 
character of energetic expression in the work. 

The meaning of this is cleared by a piece of 
another slate, which shows several towns with 
their emblems in them ; attacked by different 
tribes symbolized by animals, striking picks 
into the walls. This is clearly a record of con- 
quest ; and so far as we can get clues to the 
town names in later time it represents the sub- 
jugation of Middle Egypt by the allied tribes 
of Upper Egypt. The reverse shews rows of 
animals and trees, which have much the same 
character as the fragment with the bull, and 
are not far removed from the age of that. The 


Fic. 3. 


of the art of this time. 


The symmetric pair of 
leopards which frame the scenes show that 
such decoration was already in use, as we 


shall also see on other slates. Hence the 
Mykenaean examples were but following in a 
far older course. The work is of the same 
stamp as other examples that we have noticed, 
somewhat archaic but full of vitality and 
character. I here notice this first as being 
without human figures; but it seems from its 
style to be later than most of the others, and 
probably about the age of King Narmer. 
(Fig. 4, p. 596.) 

Perhaps the earliest such work is the frag- 
ment with the bull trampling on an enemy. 
The wiry style of the hair and muscles is 


striking, and such dies out altogether in what | 


' 
\ 
| 
l 


| trace of it is left. 


tendency to exaggeration of the muscles in 
order to give force, is what we know so well in 
Assyrian work or 16th century Italian. It 
was a convention which the Egyptian rapidly 
grew out of, and by the second dynasty no 
The resemblance of the 
treatment of the trees to those on Mykenaean 
work in a later age is curious. 

One of the largest slates shows a long pro- 
cession of warriors bearing different weapons. 
The style is more flat and cheap in effect, 
grooved lines being freely used. The scenes 
have not that directness and unity that we see 


' in the other examples ; and altogether though 


full of interest in the subjects it 1s the poorest 
of allin the art. The reverse of it is flat. 
Pieces that belong to one of the finest slates 
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make us greatly regret that no more of it 
is known. One side shows a beautiful 
group of two young giraffes and a palm 
tree. In the sense of artistic grace and 
design this is the finest piece of such work 
that is known. The other side shows a 
scene of subjugation; captives are being 
grasped by the standards of different towns or 
tribes, or driven forward by a conqueror clad 
in a long fringed robe; while the slain are 
being eaten by lions and vultures. The type of 
the captives are not like any portraits of 
Egyptian races, and this refers therefore to 
conquest outside of the lower valley of the Nile, 
and belongs probably to the latter part of this 
series of slates. The treatment of the lion’s 
hair is that seen on ivory carvings of lions of 
the beginning of the first dynasty, and this 


SLATE PALETTE CARVED WITH FIGURES OF 
ANIMALS, circa 4800 B.C. 


again links it to the close of the pre-Menites. 
Possibly the king’s name might be recovered 
if we ever find the top of the slate. 

A later style seems to be presented by the 
only slate which we can positively place 
historically, that of King Narmer, who was 
probably two reigns before Mena. The greater 
amount of accurate anatomical detail without 
exaggeration, and the use of some hieroglyphs, 
point to this as the latest of the series. In this 
we sce the conventional group of king and 
captive already established in the same form 
which lasted for 5,000 years down to the 
Roman dominion. The attitudes of the other 
figures are already on the future conventions. 
And the permanent system is established, 
although it took a century more, to the time of 


Zer, to crystallize the style of the art. The 
reverse shows that the united forces of Egypt 
were composed of three very different races, 
the long-haired, the bearded, and the usual 
shaven Egyptian of later time. The triumph 
they celebrate is over a bearded people, who 
wore bull’s-skins, and horns on the head. The 
taste for symmetrical pairs of animals is fully 
carried out in the main group below. This 
series of slate palettes is the finest material to 
show the rise of the art; and no research 
should be spared which could bring more to 
light, or complete those which we know. 

The style of work on different material varies 
much in each reign; and the name of Narmer 
on an alabaster vase shows less finished work 
than on the slate, but of the same style. 

Of the time of Mena, or just before that, are 
some small figures of captives incised on ivory ; 
two of them bear vases, probably of stone, and 
these are subject people, who probably became 
incorporated with the Egyptians in later times ; 
a figure of a captive with arms bound hasa 
feather in the hair, like the figures of the 
Tahennu or Libyans in other sculptures, and is 
probably, therefore, of that race; another 
figure, clad in a long, spotted robe, like that 
worn by the conquerors on the giraffe slate, 
bows forward with a branch as an emblem 
of peace. In these figures we see again how 
varied were the people with whom the Egyptians 
were in contact in this early age. 

Of the small work of this time there is a 
charming example in the ivory toilet dish of 
the form of a duck ; the two halves are linked 
together by a loop at the tail, and they must 
have been cut out of one block. This was 
found containing green eye-paint in a private 
tomb of the age of Mena. 

Several ebony tablets of Mena have been 
found at Abydos, and one that is perfect may 
serve to show the style of hieroglyphs then. It 
is of small size, and cut in wood, which 
accounts for the roughness of it; but it shows 
a considerable solidification of style compared 
with even the best work of Narmer. It gives 
the earliest writing that we can call a con- 
tinuous inscription; all the signs before that 
being used singly, as labels to figures or 
scenes. 

Of this age also is a small ivory figure, 
which differs in attitude and dress from all the 
other ivories known. And figures ofa lion and 
dog found in Mena’s tomb show that the 
animals were carefully studied in the round as 
as well‘as on the slate carvings. The archaic 
heaviness of this lion should be contrasted with 
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the more advanced work of the lions in the 
next reign, of King Zer. These animal figures 
were used as playing-pieces in a game; the 
bases are much worn with rubbing, and the 
lines of hair on the sides are worn away by the 
royal fingers just at the centre of gravity where 
they were lifted. In both of these there is still 
archaic style, especially in the front view of 
the smaller lion. 
exactly the same as on the later slate palettes. 

The outline work attained its full growth in 
this reign, as seen on some of the ivory vases. 
The figure of a hawk is practically the same 
as in any later period; the style is complete, 
and no trace remains of the archaism of the 
previous reign. The fragment of a bull’s head 
on another ivory vase shows that carving in 
relief was not quite so far advanced. 

The main examples of decoration and tech- 


FIG. 5. 


BRACELETS OF THE QUEEN OF KING ZER, 
circa 470 B.C. 


nical work of this time are the bracelets of the 
queen, found so unexpectedly this spring upon 
her arm. The band of hawks in alternate tur- 
quoise and gold is a record of the culmination 
of the art. The history of this bracelet is that 
the turquoise hawks were first worn alternating 
with large ball beads, as shown by the wear 
on the edges; later on the hawks in gold were 
made to be threaded with them, and numbered 
in graded order, with straight strokes on the 
bases of one half, and slanting strokes on the 
other half of the pieces; lastly, four turquoise 
and five gold were lost. There are similar 
pieces of lapis lazuli and of ivory, also found 
in the tomb. Now it will be seen that the 
hawks on the turquoise are of the thick style of 


The treatment of the hair is‘ 


Mena, with nearly horizontal bodies; whereas 
the hawks on the gold are of the completed 
style of Zer. The former were made early in 
his reign and the latter toward the close of the 
57 years that were credited to him in the lists. 
This bracelet, therefore, jast embodies the 
changes of that critical point in the history of 
the art; a change as rapid and decisive as the 
change in Greek art from the pre-Persian to 
the Pheidian sculpture. The technical work 
shows perfect soldering and fine drilling in the 
terminal pieces; and the gold hawks on 
facades are all cast and worked over by chisel 
and burnishing. 

The bracelet with the gold rosette has the 
sides, that join the front and back groups, 
made of a triple plait of gold wire and thick 
hair. The latter is probably the tail hair of 
oxen, and was used for threading all the 
bracelets. The work of soldering is perfect; 
the groups of three hollow gold balls are 
joined without showing a trace of the process ; 
and the only evidence of solder is in the hollow 
gold button for the fastening, which has a 
shank of gold wire fastened into the inside of 
it with firm metallic union, proving that solder 
must have been used. But in no case could 
any trace of excess or difference of colour be 
detected with a magnifier. 

The bracelet with hour-glass beads of gold 
and amethyst is quite new to us in design, and 
no source is known for such a strange form. 
The threading is done by having a groove 
around the middle of each hour-glass, passing 
a thread on each side of it, and binding them 
together with fine gold wire. 

The bracelet with spiral beads is formed of 
gold, turquoise, and purple lapis lazuli, which 
is carved in imitation of the spirals of gold 
wire. In the latter the wire is tapered to each 
end, and then coiled. The gold is very pure, 
as it is quite soft and unelastic ; reminding us 
of the gold which the Indian prince purified 
“until it was like wax.’’ The lazuli of this 
colour is unknown in later work in Egypt. 
Other bracelets were cut out of ivory, and 
decorated with geometrical patterns which 
have a curiously modern look. 

On coming to the next reign—that of King 
Zet, the third of the dynasty—the incised carv- 
ing is seen to have been fully carried out on 
the stone bowls. The cutting is as flowing on 
this hard metamorphic slate as on the soft 
ivory. 

The richness of the dynasty seems to have 
culminated under the fifth king, Den; he was 
the first king who used stone in his tomb, and 
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he grandly paved the whole of it with slabs of 
pink and grey granite, a labour no other king 
attempted to copy for centuries afterwards. 
He first had a pictorial royal seal showing his 
herculean labours in wrestling with the hippo- 
potamus, and hooking the crocodile by its 
jaws. And the only relief inscription on a vase 
belongs to him, a splendidly cut panel on a 
large alabaster jar. He was distinctly the 
magnifico of that age; the work less severe 
and noble than that of Zer, but more showy 
and sumptuous. 

Throughout the earlier part of the dynasty 
there was a standard decoration for the legs of 
stools or other furniture, of carving them in the 
conventionalised form of bulls’ legs. This 
pattern descended from prehistoric graves, as 
it is found ona large scale in wood, at about 
four-fifths through the prehistoric age. The 
work of these bulls’ legs 1s remarkable for the 
highly conventional decoration of the vein 
lines; and it might be mistaken for cingue 
cenio design rather than credited to the be- 
ginning of history. . 

Lastly, we see here the earliest statue that 
is yet known, belonging to the middle of the 
second dynasty, or about 4350 B.c. It is 
obviously a long way from the archaic style, 
and we have yet to find a long series of 
sculpture to lead up to this. The head is 
highly finished, and more natural in the form 
of the eye and mouth than any of the crowd 
of royal statues which filled the succeeding 
ages. 

It is to the temple site of Abydos that we 
must look for the carvings on slate, and 
perhaps the royal statues, which will more 
completely fill our view of the rise of art; and 
it is that site to which I hope to give the next 
three years of work in Egypt. 


[The paper was illustrated by a large number of 
lantern slides of the various objects described in the 
paper. } 


DISCUSSION. 


The CHAIRMAN said he was sure they would all 
return a most hearty vote of thanks to Professor 
Flinders Petrie for the most excellent paper which he 
had presented to them. The paper consisted mainly 
of the result of the work of Professor Petrie at 
Abydos during last season. When they came to 
consider that he was third or fourth in the field, and 
was merely going over ground which had been 
already explored by the French on more occasions 
than one, they might congratulate him on the rich 
harvest which he had been able to secure from what 


appeared at first an unpromising site. The dis- 
covery of the bracelets, of which they had had such 
magnificent illustrations brought before them, would 
alone repay a very large amount of the labour which 
the Professor had bestowed. In addition to this, he 
had brought before them a very long series of objects 
illustrating, not any modern civilisation, but a 
civilisation which dated back to some 6,000 or 7,000 
years before our era. It was a civilisation with which 
we had been entirely unacquainted up to a few years 
ago. He (the Chairman) only hoped that the Professor 
might be able to continue his researches, and that the 
Egypt Exploration Fund would put ample means at 
his command to induce him to go out again in more 
than one successive year. Having expressed his 
satisfaction in this manner, he might venture upon a 
few words of criticism. He would first ask how 
Professor Petrie could date the palaeolithic age in 
Egypt as only 7,00) years B.C. In other parts of the 
world it had been found practically impossible to date 
the beginning or end of the palaeolithic age, and 
though there were in Egypt certain implements 
apparently palaeolithic, and on a high level, it would 
be very rash indeed to say that they belonged 
to the beginning of the palaeolithic period. In the 
North of Africa palaeolithic shaped instruments had 
been found with the remains of a now extinct ele- 
phant, and that alone he thought would convey the 
impression to the minds of most people that we 
might carry back the palacolithic age to oertainly an 
earlier period than 7,000 years. There was one other 
matter upon which he might venture to remark. 
Professor Flinders Petrie spoke in his paper of one 
third of the length of the prehistoric period. He (Sir 
John) did not think that they had yet discovered the 
beginning of the prehistoric period. Looking at the 
amount of civilisation which was exhibited in the 
earliest objects which we had of the prehistoric period, 
and the fact which the paper pointed out that from 
that time there was a certain amount of degradation 
in taste and execution, he thought that they must infer 
that a !ong period of time must have elapsed during 
which art developed in order to produce a style 
so complete and so perfect. He did not mean to say 
that that art was developedin Egypt. They had still 
to find the cradle of that art, but he believed that 
those beautiful channelled flints with the curiously 
minute serration at the edges pointed toa long period 
of working in flint, and that these denoted the culminat- 
ing point of many ages of workers in that material. 
Where they worked he did not know, but there 
was hope for them yet. In some other parts of the 
world, though possibly not in Egypt, there might be 
a country which they would find to be a still earlier 
home of that civilisation which they found coming in 
before the dynasties of Egypt, and they might be 
able to extend the duration of the prehistoric period 
upwards in the stream of time. However, he was not 
there to give them a lecture on the subject. He 
merely wished to point out that it was hardly safe to 
assume that what they had found in Egypt pointed 
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exactly to the beginning of the prehistoric period in 
that country. In all otber countries the prehistoric 
period seems gradually to have been developed from 
something which he might call the pre-prehistoric 
period. The same thing was borne out to a certain 
extent by the discovery of glazing. That could not 
have been invented and brought into use immediately 
at the beginning of the period. It must have had a 
development during a long time. 


Sir MARTIN CONWAY said far be it from him to 
attempt that evening, or indecd at any time, to throw 
further light upon the discoveries of Professor Petrie, 
for with that marvellous eye that he possessed he 
seemed to see almost at a glance what it would take 
many people long to realise after it had been shown to 
them. What had occurred to him after listening to the 
Professor that evening was not the importance only 
but the actual amount of the discoveries which 
he had laid before them. He alluded to the com- 
plexity of the various problems which Professor Petrie 
had opened up. It was not merely that he had 
carried back their knowledge to the beginning of 
Egyptian art along one line, or added one new 
factor to the known factors which went towards 
the creation of that art, but he had shown them 
photograph after photograph of one object after 
another, all bringing to bear upon the great 
problem of the origin of Egyptian art, a variety of 
new evidence suggesting a multitude of new possi- 
bilities, and indicating not merely the existence 
of one race or of two races, but as complex a racial 
mixture in that infant country as any that was to be 
found in Egypt at the present day, and suggesting 
that Egyptian art ultimately arose by the union of 
a whole multitude of different factors, different tra- 
ditions, and different tendencies. It was evident that 
there lay before them, opened up to them by Professor 
Petrie’s discoveries, not merely a step, but many 
steps, to a whole area of possible knowledge, of 
which they at present had but a sketch in that 
elaborate introduction which he had laid before them 
that evening. He thought that they might therefore 
feel not merely hope but confidence, that in the in- 
vestigations and in the excavations which they 
desired that Professor Petrie should carry on, not 
merely for two or three years, but for many years to 
come, he would bring, year after year, a harvest of 
further additions to their knowledge, and ultimately 
enable them, perhaps, to bridge over the great gulf 
between the historic and the prehistoric periods. 
He begged to join most cordially in thanking Pro- 
fessor Petrie for the admirable paper which he had 
laid before them. 


The CHAIRMAN said that he had meant to call the 
attention of Professor Petrie to the fact that they had 
under the first dynasty some of the hieroglyphs 
already developed and not continuing to show the 
natural form, and to point out that the system of 
hieroglyphic writing must have been well established 


at that time, and must have had a far earlier cradle 
than anything which they had had brought before 
them. 


Professor FLINDERS PETRIF said that he might be 
pardoned for making a postscript to what he had 
already said. He had not attempted to deal at all 
with the question of dates. That would be a very 
large subject. He had therefore taken what seemed 
the most probable facts, and simply used them in con- 
sidering the question of the development of art itself. 
There were, however, other matters which it was 


` very desirable for him to mention as showing upon 


what ground he had treated the dates in the way that 
hehad. He would deal with the question of the date 
of 7000 B.c. as the beginning of the continuous 
civilisation. 


The CHAIRMAN said that the palaeolithic period 
was what he had been speaking of. 


Professor FLINDERS PETRIE agreed. With regard 
to the use of the date of 7000 B.C., it was to be noted 
that the Nile deposits were not more than 8 metres 
in thickness, and there was roughly a metre for a 
thousand years’ deposit. Therefore the whole history 
of Nile deposits began in about 6000 B.C., or 
rather before that date if slower at first. That 
brought them to about 7000 B.C. as the limit of the 
possibility of anything but a population of hunters 
living in the Nile valley. There could be no regular 
pasturage and nothing like agriculture until about 
7000 B.C., therefore he thought that it would be use- 
less to look for any remains of the continuous 
civilisation at any earlier date than that. What then 
was the condition of Egypt before the time of the 
Nile deposits ? It was a rocky gorge like some parts 
of Nubia were at this day. It was a gorge through 
which the Nile flowed with a much more rapid stream 
than it flowed at the present time. In consequence of 
this flow the whole of the mud was swept out into the 
Mediterranean, and no mud was deposited. That was 
probably the reason that no mud occurred at an earlier 
date. In that rocky gorge, inhabited only by wild animals 
and the hunters of those animals, they had a fitting 
home for palaeolithic man. He had found evidence 
that palaeolithic man was certainly in the country down 
to the period when the Nile was pretty well as low as 
it was at the present time. They were, therefore, 
warranted in bringing down palaeolithic man to the 
time of the present climatic conditions. They found 
that those conditions did not begin earlier than 
about 7000 B.C. Whenever palaeolithic man began 
if he lived in Egypt in that rocky gorge of the 
Nile, where there was nothing for any one to live upon 
but wild animals, there was nothing astonishing in 
his lasting down to the period when the continuous 
civilisation became possible by the beginning of the 
Nile deposit. That was the ground upon which he 
supposed he might have lasted there down to that 
period. The date of 7000 B.C. was only the last 
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limit, and it had no reference whatever to the question 
of how long palaeclithic man might have been there. 
With regard to the other side of the question, that of 
art having developed outside Egypt before it was 
brought into Egypt, that he felt was undoubtedly of 
great importance, but he could not touch on anything 
but the art of Egypt itself and the history of art in 
Egypt, because they knew nothing at all of what went 
on before that. Therefore, when he ventured to 
speak of the periods of art in Egypt, he was referring 
only to Egypt itself. In the very earlicst traces 
which he had found of the continuous civilisation of 
prehistoric times, they found a little copper used, and 
within a generation or two there was an abundance 
of fine stone work, and stone and copper became 
more and more common. It was quite evident that 
there was a long period before that approximate date 
of 7000 B.C. in some other country bordering on Egypt, 
probably in Cyrene or Libya. However, that might 
be there was probably a long introduction to the 
history of a civilisation in Egypt, but on that occasion 
he was unable to touch upon it, for the good reason 
that they knew nothing about it. He was obliged to 
take the approximate period of about 7,000 years 
before historic times as being the range of the rise of 
civilisation in Egypt itself. Perhaps that explanation 
would clear up a matter on which he had not 
touched. He had dealt only with the question of the 
rise and development of art in Egypt itself. 


The vote of thanks was carried unanimously. 


Miscellaneous. 
—_——__<———_—__— 


MINERAL DEVELOPMENT IN THE 
URALS. 


Although the existence of valuable marbles has 
long been known in the southern portion of the Ural 
Mountains they have not been worked until within the 
past year. Two quarries, in which 150 workmen 
are employed, have been opened within two miles of 
the Samara-Zlatoust Railway, and considerable 
quantities of yellow, green, grey, black and white 
marble have been taken out. The white marble is 
being used in the construction of the Alexander III. 
Museum at Moscow. The veins are said to be 
between three and four feet thick,-but owing to lack 
of improved methods a large percentage of the marble 
is broken. Green and brown jasper is also mined in 
the neighbourhood of Zlatoust, the largest works are 
in the village of Medvirdevo. This stone is used for 
tables, wash basins, handles for knives and forks, is 
susceptible of a high polish, and is equal to the 
Ekaterinburg stone. A colossal deposit of magnesium, 
containing so per cent. of oxide of magnesium, 
has been found in the well-known “ Voltchia 
Gora” (Wolf's Mountain), within three miles of 


the railway. The remainder is acid carbonic 
calcium, dolomite, and gritstene. This mountain, 
according to Consul Ernest Holloway, of St. Peters- 
burg, has been leased by the Goveinment to private 
persons for twenty-four years. About seven miles 
from the Swea station on the Samara-Zlatoust Rail- 
way, millstones and whetstones are worked, on a 
lease frem Bashkir peasants, by a company, at a 
rental of £1,030 per annum. Iron and bog ore are 
mined in the same district, known as “ Nikolski,” 
and these have had a good sale at the Nijni- Novgorod 
fair. Copper-ore is being mined by private com- 
panies near the Taganay mountain. 


Obituary. 
P 


M. E. RoponacHi. — The late Mr. Michel 
Emanuel Rodonachi had been a member of the 
Society of Arts since 1862. He was born in Chios in 
1821, but in the following year his father left that 
island for Marseilles, where he established the mer- 
chant- banking firm of Rodonachi, Sons and Co. In 
1839 Mr. M. E. Rodonachi came to London to take 
up the management of the London branch, and he 
continued as the head of the London firm until bis 
death on April 3rd, 1901. He was one of the 
founders of the Baltic Exchange, and about 25 years 
ago he became its chairman, in which office he 
remained until the autumn of last year, when the 
company ceased its occupancy of the old South Sea 
House, and sold the site to the British Linen Com- 
pany’s Bank. Mr. Rodonachi was naturalised in 
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MEETINGS FOR THE ENSUING WEEK. 


Monpay, JUNE 24...East India Association, Westminster 
Town-hall, S.W., 33 p.m. Mr. S. S. Thorburn, 
“ Agricola Redivivus.” 
Geographical, University of London, Burlington- 
gardens, W., 8} p.m. 
WEDNESDAY, JUNE 26..SOCIETY OF ARTS, John-strect, 
Adelphi, W.C., 4 p.m. Annual General Meeting. 
Colonial Institute, 9 p.m. Annual Conversazione in 
the Natural History Museum, South Kensington, 
S.W. 
Royal Society of Literature, 20, Hanover-square, 
W., i p.m, 
British Astronomical, Sion College, 
embankment, E.C., § p.m. 


Victoria- 


THURSDAY, JUNE 27...Hellenic Society, 22, Albemarle-street, 
W., 5 p.m. 


FRIpAY, JUNE 28...Botanic, Inner Circle, Regent’s-park, 
N.W., 4pm. Mr. R. Hedger Wallace, ‘‘Com- 
mercial Crop Cultivation in the British Colonies.” 
(Lecture IV.) 

Physical, Wheatstone Laboratory, King’s-college, 
Strand, W.,5 p.m. 1. Mr.S. A. F. White, “The 
Effect of a High Frequency Oscillatory Field on 
Electrical Resistance.” 2. Mr. E. C. C. Baly and 
Pr. H. W. Sycrs, “ The Spectrum of Cyanogen.” 
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Journal of the Society of Arts, 
No. 2,536. VoL. XLIX. 
C. < GaRRemeieneement 


FRIDAY, JUNE 28, 1901. 


All communications for the Society should be addressed to 
the Secretary, Fohn-street, Adelphi, London, W.C. 


ee 


Notices. 
— 


EXAMINATIONS. 


The results of the General Examinations 
(Grade II.) held at the end of last March are 
now ready. 

Copies for gratuitous distribution tc each 
<andidate who attended the examination have 
beee sent to each centre. Additional copies 
can be obtained, price 6d. each. 

The results of the Preliminary Examinations 
{Grade I.) are nearly ready, and will shortly 
be sent to those centres having candidates in 
that Grade. 


CONVERSAZIONE. 


The Society’s Conversazione will be} held 
this evening in the Gardens of the Royal 
Botanic Society, Inner Circle, Regent’s-park, 
from g to 12 o’clock p.m. 


Proceedings of the Society. 


——__-—__ 


ANNUAL GENERAL MEETING. 


The Annual General Meeting for receiving 
the Report of the Council, and the Treasurers’ 
Statement of Receipts and Payments, during 
the past year, and also for the Election of 
Officers was held in accordance with the By- 
laws on Wednesday last, the 26th inst., at 
4 p-m., MICHAEL CARTEIGHE, F.C.5., Vice- 
President of the Society, in the chair. 


The SECRETARY read the notice convening 
the meeting, and the minutes of the last annual 
meeting. 
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The following candidates were proposed, 
balloted for, and duly elected members of the 
Society :— 

Atkinson, Henry, 97, Queen Victoria-street, E.C. 
Baker, Henry G., Brinsworth Works, Rotherham. 
Beale, Louis S., Madeira-park, Tunbridge Wells. 


Browne, Walter Thurlow, Chetham’s Hospital, 
Hunt’s Bank, Manchester. 
Calcott, Frederick Septimus Berkeley, Rhodesia 


Railways, Bulawayo, Rhodesia, South Africa. 

Clergue, Francis H., Sault Ste. Marie, Ontario, 
Canada. 

Colbourne, Thomas, Barnstaple. 

Corder, George Alexander, Waterville-house, Accra, 
West Africa. ' 

Couldrey, Paul S., Cerro Muriano Mine, Obejo, 
Province of Cordoba, Spain. 

Cox, A. Arthur, Temple-building, Montreal, Canada. 

Cumming, John Ghest, M.A., United Service Club, 
Calcutta, India. i 

Czarnikow, C., 103, Eaton-square, S.W. 

Dalal, Cursandas Balgorandas, 80 Bhuleswar, 21 B 
Kulbaderi Post, Bombay. 

Dansken, John, 2, Hilside-gardens, 
Glasgow. 

Dick, John Moncrieff, 27, Hamilton-terrace, N.W., 
and Bombay, India. 

Docker, Frank Dudley, 
Edgbaston, Birmingham. 

Dyer, Thomas Nowers, J.P., King William’s Town, 
Cape Colony, South Africa. 

Graham, Hubert Berger, Linden-house, Gough-road, 
Edgbaston, Birmingham. 

Greenop, Joseph, 8, William-strect, Workington. 

Greenstreet, W. T., The School House, Marling 
School, Stroud, Gloucester. 

Hammersley, Edwin J., 10, Pall-mall, Hanley, 
Staffs. 

Hassall, Joseph, Klerksdorp, Transvaal, South Africa. 

Hunsiker, Lieut.-Colonel Millard, 71 and 72, King 
William-street, E.C. 

Jennings, Hennen, Messrs. Werner, Beit and Co., 
120, Bishopsgate-street Within, E.C. 

Kadono, Chokuro, 1, St. James’-mansions, West- 
end-lane, N.W. 

Lindsay, C. Seton, Trafalgar-buildings, Trafalgar- 
square, W.C. 

Ludlow, J. L., 434, Summit-street, Winston, North 
Carolina, U.S.A. 

Magden, William Leonard, Surrey-house, Victoria- 
embankment, W.C. 

Maxwell, Mrs. George, 204, Cromwell-road, S.W. 

Maylard, Martin William, 143, Cannon-street, E.C. 

Mitchell, Charles William, Jesmond Towers, New- 
castle-on-Tyne. 

Morley, George Streatfield,. Nagpur, Central Pro- 
vinces, India. 

Munjumiah Khan Bahadur H.S.A.M., Cuddapah, 
Madras, India. 

Munyard, Alfred, 15, Princes-street, Pollokshields, 
N.B. 


Partickhill, 


Rotton - park Lodge, 
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Nath, Lala Triloke, Assistant- Engineer P.W.D., 
Buxar, Bengal, India. 

Panikkar, T. K. Gopal, Chowghaut, South Malabar, 
India. l 

Pelly, John Stanley Richard, Madras Portland 
Cement Works Company, Madras, India. 

Powrie, William Lyall, 52, Gauden-road, Clapham, 
S.W. 

Prasad, Pandit Rao Bahadur Sukhdeo, 
Jodhpur, Rajputana, India. 

Pugh, John V., Primrose-hill-house, Coventry. 

Richard, George Anderson, Mount Morgan Gold 
Mining Company, Mount Morgan, Queensland, 
Australia. 

Shastri, Pandit Raja Ram, Cawnpore, India. 

Shawcross, George N., Lakelands, Horwich, Lanca- 
shire. 

Smith, William Lawrence, 31, Portman-square, W. 

Speyer, Edgar, 7, Lothbury, E.C. 

Stewart, Alexander T., Messrs. W. T. Glover and 
Co., Trafford-park, Manchester. 

Stoker, George Herbert, Fairfield, Lessar-avenue, 
Clapham-common, S.W. 

Tampi, A. Sri Narayanan, Trevandrum, Travancore, 
India. 

Troup, James, Shedfield-grange, Botley, Hants. 

Tutcher, Wiliam James, Botanical and Afforestation 
Department, Hong Kong, China. 

Wells, Captain C. E., 26, Cambridge-gardens, Ken- 
sington, W. 

West, Haarlem E., the Pacific North-West Mining 
Corporation, Libby, Montana, U.S.A. 

White-Cooper, William, M.A., Grahamstown, Cape 
Colony, South Africa. 

Whitehead, James P., 26, Holland-road, Chorlton- 
cum-Hardy. 

Wilkinson, Hon. Hiram Shaw, B.A., LL.B., 
(Chief Justice for China and Corea), H.B.M. 
Supreme Court, Shanghai, China. 

Williams, J. Arthur, 205, Albion-road, Stoke 
Newington, N. 

Wormell, Richard, M.A., D.Sc., Roydon, near 
Ware, Herts. 


Paota, 


The CHAIRMAN nominated Surg. Lieut.- 
Colonel J. Ince and Mr. John Jewell Vezey, 
scrutineers, and declared the ballot open. 


The SECRETARY then read the following 


REPORT OF COUNCIL. 
I.—PRESIDENCY OF THE SOCIETY. 


The Accession of His Majesty King 
Edward VII. to the Throne involved the 
termination of the various offices previously 
occupied by him as Prince of Wales. Amongst 
these was the Presidency of the Society of 
Arts, which had been held with so great 
advantage to the Society by H.R.H. the 
Prince of Wales from 1863. The Council hope 


that H.R.H. the Duke of Cornwall may consent 
to fill the office held for 38 years by his father, 
and for 18 years by his grandfather, H.R.H. the 
Prince Consort; but in the absence of His 
Royal Highness from the country, they have 
not been able to approach him on the subject. 
In the meantime, they have elected Sir 
Frederick Bramwell to fill the vacancy, and 
his name appears on the ballotting-list issued 
to the members. Sir Frederick Bramwell has 
served continuously in various capacities on 
the Council since 1875: he was Chairman in 
1881 and 1882, and Treasurer in 1890, 1895, 
and 1g00. He has always taken a warm 
interest in the success of the Society, a success 
which, perhaps, none of its members have 
done more to promote. 

Since its foundation the Society has only 
had eight Presidents. The first President was 
Lord Folkestone, who served from 1755 to 1761. 
He was succeeded by Lord Romney, who held 
office till 1794. In that year he was followed 
by the Duke of Norfolk, who remained Presi- 
dent till 1816. In 1816, the Duke of Sussex 
was elected, and continued in office till his 
death in 1843, when the Prince Consort 
accepted the Presidency. He held the office 
till he died in 1861. Mr. William Tooke, an 
old and well-known member of the Society, 
succeeded him, and held the office till the 
election of the Prince of Wales in 1863. 

The gratifying announcement has already 
been made in the Journal that His Majesty, 
in retiring from the Presidency, accepted the 
office of Patron of the Society, and the Council 
are now glad to be able to record this fact in 
their Annual Report. His Majesty is the first 
Patron of the Society, for though it appears 
from the minutes that on Her accession a 
suggestion was made that Her Majesty Queen 
Victoria should be invited to become Patron of 
the Society, that suggestion does not appear 
to have been acted upon at the time, and, so 
far as can be ascertained, no application was 
ever made to Her Majesty that She should 
accept the office. 


II.—DEATH OF HER MAJESTY QUEEN 
VICTORIA. 


When the lamented death of Queen Victoria 
took place in January last, an address of con- 
dolence, prepared at a special meeting of the 
Council, was presented to the King.* The 
meetings of the Society which were announced 


* The Address will be found in the Yosrnal for 1st Feb., 
1gor, vol. xlix., p. 153. 
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for the period from the 22nd of January to the 
30th of January inclusive, were not held. The 
meetings thus postponed included two ordinary 
meetings, a meeting of the Colonial Section, 
a meeting of the Section of Applied Art, 
and a Cantor Lecture. The papers announced 
to be read at the above meetings were taken 
at later meetings of the Society; it was not 
however possible to make arrangements for 
the delivery of the third lecture of Mr. Tadd’s 
Cantor course on Elementary Art Education, 
which had therefore to be omitted. It will, 
however, be printed in the report of the course 
which will appear in the Journal. 


III.—ORDINARY MEETINGS. 


The address with which, according to the 
annual custom, Sir John Evans, the Chair- 
man of the Council, opened the Society’s 
session, was devoted principally to a discussion 
of the origin, development, and aims of our 
scientific societies. He showed how much 
useful work has been accomplished through 
their agency in this country, and how great 
their influence has been upon the development 
of science, art, and industry. 

The papers which this year have been read 
at the Wednesday evening meetings are, per- 
haps, of a somewhat more varied character 
than usual. They do not easily admit of being 
classified into different categories. The sub- 
ject which seems to have been dealt with most 
frequently before the Society this year is that 
of travelling or transport by rail, road, and 
river. Mr. Frederick McDermott gave a brief 
history of the development of railway travelling, 
and showed the point which it had reached in 
that development during the last half of the past 
century. Mr. F. B. Behr dealt with what may 
be a future development of railway travelling, 
when he described a proposal for a line with a 
single rail, on which carriages propelled by 
electricity might run at a high speed. As 
the House of Commons Committee have 
passed the preamble of the Bill for this 
railway, there appears every reason to ex- 
pect that a very interesting experiment in 
a new method of locomotion will be tried. 
With regard to common roads, Professor 
Hele-Shaw, in his paper on ‘‘ Road Traction,” 
showed how the recent developments of motor- 
cars called for a corresponding improvement in 
our roads, and described the attempts which 
have been made to investigate the amount 
of the power required for propelling vehicles 
upon roads of various descriptions. A Com- 
mittee has lately been appointed by the 
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British Association for carrying out experi- 
ments on road traction, and it may be 
hoped that before very long they may obtain 
some practical information which may perhaps 
come before the Society in another paper. One 
of the newest means of locomotion was brought 
under the notice of the Society by Mr. Joseph 
Pennell, who gave us his experiences of motor 
bicycles. The motor bicycle is little known in 
this country, indeed it is not very well known 
anywhere, but Mr. Pennell, after considerable 
experience of it, spoke very strongly in its 
favour, and expressed the opinion that it was 
likely before very long to come largely into use. 
The subject of river traffic, at all events as re- 
gards the Thames, was brought under the 
notice of the Society by Mr. Arnold Hills, who 
described the special difficulties which hinder 
the provision of a good steamer service on 
the river, but held out anticipations that these 
difficulties were in the way of being surmounted- 

The war in South Africa has not been with- 
out its effect upon our papers. Lieutenant A. T. 
Dawson, R.N., gave us a full descriptive paper 
on ‘‘ Modern Artillery,” illustrated with a few 
examples of such modern guns as it was pos- 
sible to bring into the meeting-room. Mr. 
Brudenell Carter’s paper also on ‘‘ The Testing 
and Training of Distant Vision” was suggested 
by experience in South Africa, and was specially 
directed to a consideration of military require- 
ments. We had also a paper by Mr. W. T. 
Maud on “The Siege of Ladysmith,’’ a 
description by an experienced war correspon- 
dent of the conditions which prevailed during 
the siege. 

Two papers may be classed together as 
dealing with applications of chemistry—one by 
Mr. William Thomson on ‘ Arsenic in Beer 
and Food,’’ and the other by Professor R. 
Meldola on ‘‘ The Synthesis of Indigo.” The 
recent advances which have been made in the 
preparation of artificial indigo are threatening 
with destruction a large and important in- 
dustry in India, and if the anticipations of 
chemists are correct, it is difficult to see 
how this can be averted. There seems, 
however, no doubt that it can be post- 
poned if the growers of vegetable indigo 
will by the adoption of scientific methods 
secure that the largest possible amount 
of the natural product is obtained from 
the plant. According to accredited testimony, 
the methods hitherto in use are antiquated and 
wasteful, and there seems every reason to 
expect that a more scientific method of culti- 
vation and treatment will result in very con- 
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siderable economy. It is satisfactory to learn 
that with the assistance of the Government of 
Bengal, the planters of that province have set 
to work vigorously to obtain and utilise 
scientific direction both in regard to the growth 
of the plant and the manufacture of the dye. 
Another paper dealing to some extent with 
chemical matters was that by Professor Frank 
Clowes on ‘‘ The Treatment of London 
Sewage,’’ a subject than which none can be 
more important as regards the health of this 
great community, and one which it is satis- 
factory to believe is now being dealt with in no 
inadequate fashion. 

There has only been this year a single paper 
dealing with an electrical subject, the one in 
which Mr. Marconi gave an account of the 
methods he has devised for enabling messages 
transmitted without the use of wires to be 
directed to individual recipients, instead of 
being flung into space for all the world to hear. 
Mr. Marconi believes that he has solved the 
problem, and if he has done so there can be 
no question that he has added greatly to the 
value of his original invention. 

Though as a rule medical subjects must be 
considered to lie outside the domain of the 
Society, we had this year a medical paper 
which was certainly within the legitimate pro- 
vince of its work. Major Ronald Ross’s paper 
on ‘‘ Malaria and Mosquitoes” treated a 
subject of the very greatest importance to 
commerce and industry. There can be no 
question but that if a remedy for malaria can 
be found one of the greatest obstacles to com- 
mercial development in the tropical regions of 
the earth will be removed. 

Dr. W. Schlich’s paper on ‘‘ The Outlook 
for the World’s Timber Supply’’ added one 
more to the very valuable contributions which 
have been made on this subject through the 
medium of the Society of Arts. Dr. Schlich 
demonstrated that we are using up our supplies 
of timber at a far greater rate than is generally 
appreciated, and that unless steps are taken to 
provide for the future renewal of those supplies, 
the very limited amount of timber which is 
really suitable for the practical needs of man- 
kind will very soon be entirely used up. 

Mr. H. Snowden-Ward’s paper on ‘‘ Photo- 
graphy of Natural Colours’’ was the only one 
dealing with a photographic subject. In it 
he described the recent developments of the 
ingenious process connected in this country 
with the name of Dr. Joly, and in America 
with that of Mr. McDonough, for reproducing 
colour effects by means of a screen ruled with 
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lines of colour, a process which certainly 
might be more largely employed by amateurs, 
at all events for the production of transpar- 
encies than it has been up to the present. 

Mr. Percy Macquoid applied scientific 
methods to an artistic subject in his paper 
on ‘Evolution of Form in English Silver 
Plate,” and demonstrated his ideas by the 
exhibition of a number of photographs of 
remarkable pieces of plate, many of which at 
the time formed part of the excellent collection 
of silver brought together by the Burlington 
Fine Arts Club. 

Mr. A. A. Johnston described the latest im- 
provements made in the construction of the 
large clocks used in towers and turrets and the 
carillon arrangement sometimes attached to 
them. Mr. Alexander Siemens dealt with 
the question of ‘‘ Patent Law Reform” 
principally from the point of view of public 
interest, and suggested several radical modi- 
fications in our present patent system. Sir 
Joshua Fitch took up the now popular ques- 
tion of commercial education in his paper on 
‘« School Work in relation to Business,” and 
laid down the principles which should be kept 
in view in any system of education intended 
not only to train men for the practice of com- 
merce, but to qualify them for a useful and’ 
honourable life in any professional or public 
career. 


IV.—INDIAN SECTION. 


The session has been a successful one, 
and the meetings, six in number, have 
attracted much attention, particularly in India, 
where the special work performed by this de- 


partment of the Society is fully recognised. 


The number of members living in or con- 
nected with India has been largely increased 
during the past twelve months. 

A desire has been expressed that, if possible, 
arrangements should be made for obtaining 
papers dealing systematically with the 
different provinces and provincial capitals of 
India. A series of such papers, embracing 
the whole of the peninsula, would undoubtedly 
be of great interest and permanent value. 
A commencement has been made with 
the oldest of our Indian possessions, 
which was brilliantly described by Mr. J. D. 
Rees in a paper entitled ‘‘ Madras, the 
Southern Satrapy.’’ He claims for Madras 
that it is in many respects the most advanced 
of the Presidencics and provinces of India, 
and he attributes to the ‘‘ forlorn position,” 
geographically, of its metropolis that its many 
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advantages have been too readily overlooked. | ferous quartz of Chuta Nagpur (Bengal) to 


In these advantages he includes a steady and 
increasing revenue, exceptional administra- 
tive excellence, educational supremacy, scenery 
of extreme beauty, a climate of considerable 
variety, and a prosperous, peaceful, sym- 
pathetic, and kindly native population. Ina 
congenial paper on ‘‘ The Town and Island 
of Bombay—Past and Present,’’ Mr. L. 
R. W. Forrest devoted himself chiefly to 
sketching the early history of the ‘‘ Gate 
of Hindustan,’’ first under the Portu- 
guese, and then as a slightly valued 
British possession. He also referred to the 
architectural transformation of the island 
effected by Sir Bartle Frere, ‘‘the maker of 
modern Bombay,’’ and concluded with some 
interesting particulars about the present con- 
dition of what is by universal consent the most 
beautiful of all the great Indian cities, and 
was, until plague materially reduced its popu- 
lation, the second city, after London, in the 
British Empire. 

‘ The Growth and Trend of Indian Trade— 
a Forty Years’ Survey,” was the title of an 
exhaustive paper read by Mr. H. J. Tozer, 
of the India Office. The main object of 
Mr. Tozer was to trace the leading features 
of the foreign seaborne trade of India under 
the Crown—to describe its growth and indicate 
ats trend. ‘‘ For the last quarter of a century we 
have had Mr. O’Conor’s masterly series of 
annual reviews of the trade of India, but there 
seems room for a synthetic view of this wide 
subject. India now stands ninth among the 
commercial countries of the world. She has a 
greater foreign trade than any other Asiatic 
country. Her commerce is larger than that of 
Australia, or than that of Canada and South 
Africa combined.’’ Speculating on the already 
substantial growth of industrialism in India, 
he pointed out that the advantages possessed 
by that country favour the development of fine 
cotton manufactures for Indian consumption, 
and that England may soon find that India is 
her severest competitor in Indian markets. 

‘‘ Metalliferous Mining in India’’ formed 
the subject of a comprehensive paper by 
Dr. John W. Evans, formerly State Geologist 
and Chief Inspector of Mines in the Native 
State of Mysore. He expressed the opinion 
that we may hope even yet to see Indian gold- 
mining a prosperous industry, not only in 
Mysore, but even in some localities in the 
Wynaad, Bellary, Hyderabad (Deccan), and 
other parts of India. Only a revolution in 
metallurgy and mining will enable the auri- 


be washed at a profit. Professor C. Le Neve 
Foster, speaking in the discussion, predicted 
that the Indian gold deposits will last not only 
this generation, but the next. 

Mr. Horace Bell, in his paper on ‘“ Railways 
and Famine,” invited discussion on a disputed 
point in connection with the famine problem— 
namely, the relation between failure of the food 
supply of a country and its railway system. 
He suggested that under certain conditions 
the view that the more railways there are the 
less likelihood will there be of food scarcity 
may possibly be incorrect, or, at any rate, 
unacceptable as a sound maxim without im- 
portant qualifications—a proposition that was 
opposed by all the numerous experts who took 
part in the discussion. 

In a scholarly paper, the fruit of original 
observations made by him in the course of 
his topographical surveys in Mekran, Sir 
Thomas Holdich threw much light on de- 
tails of Alexander’s retreat from Western India, 
details that have hitherto remained obscure 
owing to the want of topographical knowledge 
of a portion of the country traversed by the 
retreating Greek army. In the discussion Sir 
George Birdwood questioned whether Alex- 
ander’s departure from India could be correctly 
described as a “‘ retreat ;’’ but Sir T. Holdich 
in reply maintained that the description was 
quite accurate. 

For the eighth year in succession three of 
the meetings of this Section were held at the 
Imperial Institute. 


V.—COLONIAL SECTION. 


The session was opened with a paper by 
Mr. Joseph Walton, M.P., on ‘The China 
Crisis—its Causes and its Solution.” Mr. 
Walton urges the adoption of a more vigor- 
ous policy by which our commercial suprem- 
acy in China may be maintained and 
extended. At present, our share of China’s 
foreign trade is greater than that of all 
other nations combined, and Mr. Walton, 
speaking from personal investigations not 
only on the seaboard but in the interior, 
declares that the possibilities of com- 
mercial expansion in China are unlimited. 
If the foreign trade of China be increased 
in the next 40 years to the same extent 
as that of Japan during the past genera- 
tion, it will mean an additional 200 millions 
sterling to be divided between the trading com- 
munities of the world. The paper was dis- 
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cussed by such recognised authorities as Sir 
E. Sassoon, M.P., who presided, Sir W. 
Robinson, Sir E. Vincent, M.P., Admiral Sir 
E. Fremantle, Mr. H. Norman, M.P., and 
Captain F. E. Younghusband. 

Sir John Cockburn dealt with the great 
federation movement of Australia, which 
after taking 50 years to ripen has recently 
culminated in the establishment of the 


Commonwealth; described the nature and 
powers of the new constitution; and 
dwelt -on the aims of the founders, of 


which he is one. In the discussion the 
Chairman of the meeting, Mr. James Bryce, 
M.P., observed that generally the Australian 
constitution as lately created is more demo- 
cratic than the constitutions of the United 
States, Switzerland, and France. It will, he 
remarked, be very interesting to see how the 
boldest experiment in popular government 
that has yet been made succeeds in its 
working. 

In a timely paper on the present economic 
condition of the West Indies, Sir Nevile 
Lubbock submitted that the sugar industry of 
those old and historically interesting colonies 
has during the past three years been shielded 
from the influence of foreign bounties by the 
American markets, and that the time is rapidly 
approaching, if it has not indeed come, when 
this action will cease to be effective, unless 
England follows the course adopted by India 
and the United States in imposing counter- 
vailing duties. If we do not take this course 
Sir N. Lubbock fears that we shall very 
soon have the West Indian crisis upon us 
again. 

“The Coal Problem—its Relations to the 
Empire’’ was the subject of a paper by 
Lieutenant Carlyon Bellairs, R.N. He ap- 
proaches the question from the point of 
view that coal being the mainspring of 
our national welfare, a thorough under- 
standing and handling of the coal problem 
is an important means of insuring the pre- 
dominance of British civilisation throughout 
the world. He maintains that a case can be 
made out for restricting the export of certain 
Welsh coal, and for the purchase by the 
Government of mines adequate to supply the re- 
quirements of the Navy. Some useful statistics 
relating to the coal production of India, South 
Africa, Canada, and Australia were included 
inthe paper. Lord Brassey, who occupied the 
chair, said he should welcome an inquiry by 
Royal Commissicn into the coal resources of 
Greatcr Britain. 
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VI.—APPLIED ART SECTION. 

Six meetings of this Section were held during 
the session, commencing on January 15 with a 
paper on “Cameos” in which Mr. Cyril 
Davenport described the history of Cameo- 
cutting from its greatest period during the age 
of Augustus, and illustrated his subject with a 
fine series of lantern slides of historicał 
specimens. He described the etymology as 
unknown, and Sir George Birdwood took up 
this challenge by contributing to the Journa? 
a learned letter on the “ Etymology of Cameo 
and the Classification of Gems.” 

The second paper read on February 12 was 
by Mr. William Burton on ‘‘ Recent Advances 
in Pottery Decoration,” in which he reviewed 
the display of pottery at the late Paris Exhibi- 
tion, and described the new processes and 
extended applications of old processes which 
were there shown. Mr. Burton considered that 
one of the most striking of the recent develop- 
ments was to be found in the varied applica- 
tions of metallic lustres, and here he was of 
opinion that the advance of foreign potters was 
greater than that of English potters. The 
paper was illustrated by a remarkable series of 
specimens of modern glazes. 

On March 5, Mr. Robert Steele read a paper 
on “ Early Playing Cards and their Decora- 
tion,’’ in which he dealt with the obscure 
question of the origin of playing cards. 
Mr. Steele showed an interesting series of 
lantern slides from MSS., and also exhibited 
packs of ‘‘tarot’’ cards, some old, and others 
such as are sold in France at the present 
day. 

At the fourth meeting, on March 12, Mr. Hugh 
Stannus read a paper on ‘‘ Some Examples of 
Romanesque Architecture in North Italy.’ 
It was illustrated by a large number of 
original photographs from representative 
buildings, showing details of special import- 
ance in the study of the subject. Mr. Stannus 
gave a careful description of the changes from 
classical architecture to Romanesque, and of 
the gradual assimilation of the latter with the 
Rennaissance, adding a Table shewing the 
connection of Basilican, Byzantine, and 
Romanesque architecture. 

In consequence of the illness of Dr. Cecib 
Smith, the paperwhich he was announcedto read 
on April 16 on the ‘‘ Evolution of Form and 
Ornament in Greek Vases” was unavoidably 
postponed, and Mr. Percy Fitzgerald was 5° 
good as to take his place and read a paper 07 
‘ The True Principles of Stage Scenery.” Mr- 
Fitzgerald pcintcd out the difficulties attendant 
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on the increased attention now given to 
elaborate scenery, laying special stress upon 
two points:—(1) The too great amount of 
brilliant light, which distorted everything on 
the stage, and was destructive of the finer 
effects of acting. (2) The inequalities of size 
when too many buildings were crowded on the 
‘stage and the proportion between the actors 
-and their surroundings was entirely destroyed. 

At the last meeting, on May 21, Professor 
W. M. Flinders Petrie read a paper on ‘‘ The 
Rise and Development of Egyptian Art,’’ in 
which he described the results of the latest of 
‘his remarkable discoveries. When Mr. Petrie 
read his former paper on ‘‘ Primitive Art in 
Egypt” before this Section on May gth, 1893, 
he said that not a single sculpture was dated 
before the 4th dynasty, and the rise and 
development of this art were still buried in 
obscurity ; but the discoveries of the last eight 
years had yielded some portion of the early art 
of the country, so that it was now possible to 
trace it from the beginning, which he dated 
at about 7,000 B.C. The paper was illustrated 
by a large number of lantern slides of objects 
of the greatest interest. 


VII.—CANTOR LECTURES. 


During the past session there were five 
courses of Cantor lectures. Two of them dealt 
with electrical subjects—the course by Professor 
John A. Fleming on “ Electric Waves,” and 
the course by Major P. Cardew on “ Electnc 
Railways.” As it happened, both courses had 
been proposed for delivery in the previous 
session, but unavoidable circumstances neces- 
Sitated their postponement. Professor Flem- 
ing’s lectures may be said to have dealt 
generally with the nature of electricity, and to 
have summarised the views now held on that 
subject by those who have made it their special 
‘study. Major Cardew discussed the latest 
practical application of electricity, the rapid 
development of alternating current working, 
-and wound up with a description of a full-scale 
railway on the polyphase system intended for 
carrying traffic between two such principal 
termini as London and Brighton. 

Mr. J. Liberty Tadd, who has acquired a 
wery considerable reputation in America by the 
methods he has devised for the development of 
elementary art education, made it the subject of 
a course of Cantor lectures delivered after the 
Christmas recess. Mr. Tadd’s methods are 
much the same as those advocated by the 
Royal Drawing Society in this country on the 
initiation of Mr. Ablett—the utilisation of 
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drawing as a means of education rather than 
the training of children as art students. Mr. 
Tadd’s explanation of his system aroused 
great interest amongst teachers in this 
country, and it is to be hoped that it may have 
some practical effect on elementary education 
here. 

The next course of lectures was by Mr. 
W. J. Pope, the subject being ‘‘ The Bearings 
of Geometry on the Chemistry of Fermenta- 
tion.’’ Practically, the course of lectures 
dealt with what is known as stereo-chemistry, 
a phrase which, to the unlearned, may be ex- 
plained by saying that it refers to the develop- 
ment in three dimensions of the usual chemical 
notation inscribed in a single plane. The 
symbols of stereo-chemistry are, therefore, solid 
models or frames, while the ordinary symbols 
can be drawn ona plane surface. The new 
notation has resulted in new ideas, and has 
greatly increased our knowledge of the con- 
stitution and grouping of organic bodies. 
There has also been new practical applica- 
tions of this knowledge, the special subject 
of the lectures being the application of the 
method to the fermentative industries. 

The final course of lectures for the session 
was announced to be by Sir William Roberts- 
Austen, on ‘‘Alloys.’’ In actual delivery, 
however, the course became a joint one—the 
first two lectures being delivered by Sir 
William Roberts-Austen, while owing to great 
pressure of work, he requested Dr. Kirke Rose 
to deliver the second two. Dr. Rose had 
been associated with him in research, and 
had made many investigations of his own 
on alloys. As the members of the Society 
will remember, this makes the fifth series 
on this subject by the lecturer, who has 
successfully brought before the Society the 
various developments by which the advanced 
stage of knowledge now available in this de- 
partment of practical metallurgy has been 
reached. 


VIII.—HowaRD LECTURES. 


The Howard Trust, although it has not yet 
been so prolific as the larger bequest of Dr. 
Cantor in the production of important mono- 
graphs on industrial applications, has yet pro- 
duced some very valuable courses of lectures. 
The trust itself, which dates from 1872, was 
intended to provide periodically an award to 
the author of a treatise on motive power, or to 
the inventor of some new process relating to 
motive power. The Council, however, felt that 
this bequest could most usefully be applied 
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by inviting someone who was known as an 
authority on a particular subject coming within 
the terms of the bequest to deliver a course of 
lectures upon it, and to print the lectures after- 
wards in the form of a treatise. The amount 
of funds available only admit of an occasionał 
course being so delivered. In previous years 
we have had three most ‘valuable contributions 
to the history of applied science in the lectures 
by the late Sir William Anderson on ‘‘ The 
Conversion of Heat into Useful Work,’’ ‘‘ The 
Development and Transmission of Power from 
Central Stations,” by Professor W. Cawthorne 
Unwin, and ‘‘The Mechanical Production of 
Cold’’ by Professor J. A. Ewing. To these 
a fourth course has now been added in the 
lectures by Mr. Alfred C. Eborall on ‘‘ Poly- 
phase Electric Working.’’ The suggestion 
was made to the Council by Professor Perry, 
who was the President of the Institution of Elec- 
trical Engineers, that an educational course 
upon this subject would be of great value to 
electrical students. The statement has been 
made that not very much is known about the 
higher polyphase work in this country, most of 
the experience in it having been either on the 
continent or in America. It is of the greatest 
practical importance as regards the trans- 
mission of power, and the working of tram 
lines and electric railways, so it is to be 
hoped that the excellent course of lectures 
delivered by Mr. Eborall will have done some- 
thing to remove the reproach improperly 
alleged against British electricians. 


IX.—JUVENILE LECTURES. 


The fact of there being two important 
eclipses of the sun, one last year, and one in 
the present year, rendered the subject of 
Eclipses a specially suitable one for the Juve- 
nile lectures. Mr. E. Walter Maunder, the 
Superintendent of the Solar Department of the 
Greenwich Observatory, in his two Christmas 
lectures on the subject, gave a popular account 
of the arrangements required for an eclipse 
expedition, explained what results had been 
up to the present achieved by such expeditions, 
and pointed out what yet remained to be done. 


X.—ALBERT MEDAL. 


The Council will have the unanimous 
approval of the members of the Society in 
the award they have made of the Albert Medal 
for the present year by asking His Majesty 
the King to accept it ‘‘in recognition of 
the aid rendered by His Majesty to Arts, 
Manufactures, and Commerce, during thirty- 


eight years’ Presidency of the Society of Arts, 
by undertaking the direction of important 
Exhibitions in this country and the executive 
control of British representation at Interna- 
tional Exhibitions abroad, and also by many 
other services to the cause of British Industry.” 
The principal object of the Council was to 
express the gratitude of the Society for the 
services which the King, during his long tenure 
of the Presidency as Prince of Wales, has 
most graciously rendered it. Not only did the 
Society gain much in distinction and dignity 
from its association with His Royal Highness, 
but the objects for which the Society was 
founded were greatly promoted thereby. The 
Council also cannot lose sight of the fact that 
it was not only as President of the Society of 
Arts that His Majesty claims the thanks of 
His subjects for the services He has rendered 
to Arts, Manufactures, and Commerce. Not 
only was He ever ready to lend His influence to 
any deserving movement for the advance of 
British industry, but He devoted His time 
and His abilities to many special under- 
takings having this object in view, chief 
among which was the promotion of Interna- 
tional Exhibitions. It is well known that the 
success of several British Sections at foreign 
Exhibitions was due not only to the patronage, 
but to the active guidance afforded by the 
Prince of Wales. Nor can it be forgotten that 
His Royal Highness was the founder of the 
Imperial Institute, which was established for 
the express purpose of carrying on, with 
ampler funds and extended influence, objects 
very similar to those for the promotion of which 
this Society was established now nearly a 
century and a half ago. 

The Medal was presented to His Majesty at 
Marlborough House on the 14th inst. by Sir 
Frederick Bramwell, the President of the 
Society. Nearly the whole of the Council 
attended, but a few were prevented by un- 
avoidable circumstances from being present.° 

The King, in accepting the Medal, expressed 
the gratification which it gave him to receive 
this memorial of his lamented father, the 
Prince Consort, and said that its value to him 
was increased by the fact that a few years ag? 
he had, as President of the Society, presente? 
it to his lamented Mother, Queen Victoria- 
He referred in most gracious terms to his long 
connection with the Society, and promised 
that, though he could no longer take an active 
share in its labours as President, yet, as its 
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* © Sce Journal, vol. xlix. p. 591, June 21, 1891. 
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Patron, he would continue to feel a warm 
interest in its future prosperity. 


XI.—MEDALS. 


The Council have awarded the Society’s 
Silver Medal to the following readers of Papers 
during the Session 1900-1901 :— 

At the Ordinary Meetings :— 

To Major RONALD Ross, F.R.S., for his paper on 
‘¢ Malaria and Mosquitoes.” 

To Dr. W. ScHLIcu, C.LE., F.R.S., for his paper 
on “ The Outlook for the World’s Timber Supply.” 

To Lieutenant ARTHUR TREVOR DAWSON, late 
R.N., for his paper on “ Modern Artillery.” 

To Fritz B. Brnr, Assoc. Inst.C.E., for his paper 
on “The Proposed High-Speed Electrical ‘ Mono- 
rail’ between Liverpool and Manchester.’ 

To Percy R. Macquoip, R.I., for his paper on 
“ Evolution of Form in English Silver Plate.’’ 

To Professor RAPHAEL MELDOLA, F.R.S., for his 
paper on “ The Synthesis of Indigo.” 

To Sir JosHua Fitcu, LL.D., for his paper on 
‘““ School Work in Relation to Business.” 

To GUGLIELMO MARCONI, for his paper on 
‘‘ Syntonic Wireless Telegraphy.”’ 


In the Indian Section :— 

To HENRY JOHN Tozer, M.A., for his paper on 
“The Growth and Trend of Indian Trade—A Forty 
Years’ Survey.” 

To Colonel Sir THOMAS HUNGERFORD HOLDICH, 
R.E., K.C.LE., C.B., for his paper on “ The Greek 
Retreat from India.” 

To Jonn Davin Reres, C.I.E., for his paper on 
‘* Madras, the Southern Satrapy.’’ 

In the Colonial Section :— 

To the Hon. Sir JOHN ALEXANDER COCKBURN, 
K.C.M.G., for his paper on ‘‘ The Commonwealth of 
Australia.” 

To Lieutenant CARLYON W. BELLAIRS, R.N., for 
his paper on “ The Coal Problem: its Relations to 
the Empire.” 

In the Applied Art Section :— 

To WILLIAM Burton, F.C.S., for his paper on 
“ Recent Advances in Pottery Decoration.” 

To HuGu STannus, F.R.I.B.A., for his paper on 
“ Some Examples of Romanesque Architecture in 
North Italy.” 

The Council have also passed a vote of 
thanks to the following members of their own 
body for papers read at the Ordinary Meetings, 
it not being in accordance with the usual 
practice for members of the Council to receive 
medals :— 

To ALEXANDER SIEMENS, for his paper on 
“ Patent Law Reform.” 

To R. BRUDENELL CARTER, F.R.C.S., for his 
paper on ‘‘ Testing and Training Distant Vision, with 
special reference to Military Requirements.” 


XII.—OWEN JONES PRIZES. 

These prizes have now been awarded 
annually since the year 1878. After the- 
death, in 1874, of Owen Jones, a committee 
was formed to collect subscriptions for the 
purpose of founding a memorial. The money 
thus obtained was partly expended in erecting 
a monument over his grave in Kensal Green, 
and the balance (a sum of £400) was presented 
to the Council of the Society of Arts upon con- 
dition of their expending the interest thereof in 
prizes to ‘‘ Students of the Schools of Art who, 
in actual competition, produce the best designs 
for Household Furniture, Carpets, Wall-papers 
and Hangings, Damask, Chintzes, &c., regu- 
lated by the principles laid down by Owen 
Jones.’ The prizes are awarded on the 
results of the annual competition of the Science 
and Art Department. 

Six prizes were awarded this Session, each 
prize consisting, in accordance with the regu- 
lations laid down for the administration of 
the Trust, of a bound copy of Owen Jones’s 
“ Principles of Design,” and a Bronze Medal. 

The following is a list of the successful 
candidates* :— 

Ray, John, School of Art, Battersea.-- Design for a 


printed muslin. 

Smithers, Bernard, School of Art, Battersea.— 
Design for a printed muslin. 

Loch, Alice G., Royal College of Art, South Ken- 
sington.— Design for a damask serviette. 

Sim, Mary E., School of Art, Glasgow.—Design for 


an Axminster rug. 
Park, Robert, Kent Road School of Art, Glasgow.— 


Design for a printed hanging. 
Cox, Thomas, School of Art, Macclesfield.— Design 
for a frieze in glass mosaic. 
The next award will be made this summer, 
on the result of the present year’s examina- 


tions. Six prizes have again been offered for 


competition. 


XIII.— PRIZES FOR DRAWING. 


Since 1899, the Council have placed at the 
disposal of the Royal Drawing Society, for 
competition among the candidates at its 
annual examination, 12 Bronze Medals, and, 
as usual, these medals were awarded for 
drawings sent in by students to the exhibition 
held by the Drawing Society in April last. 


XIV.—EXAMINATIONS. 
As the members are aware, an alteration of 
very considerable importance was made in the 
examination system of the Society, a new 


* This list has already been published in the Fournadl. See 
Fournal, vol. xlviii., p. 757, August 37, 1909. 
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Elementary or Preliminary Grade having been 
added. It is with much satisfaction the 
Council are able to report that the experi- 
ment proved a very great success at its first 
trial, as there were 4,966 entries, and 4,458 
papers were worked. The examination com- 
prised eight subjects: — Handwriting and 
Correspondence ; Shorthand; Elementary 
Book-keeping and Office Routine; Com- 
mercial Arithmetic; Commercial History and 
Geography; Preliminary French; Preliminary 
German; and Elements of Type-writing. 
Separate pass certificates are given for each 
subject, and to obtain a certificate 60 per cent. 
of the total marks have to be obtained. In 
addition a certificate of proficiency in Ele- 
mentary Commercial Knowledge will be given 
to any candidate passing in four specified 
subjects within a space of three years. It is 
not yet possible to say whether there will be 
any claims for this certificate during the 
present year. Of the 4,458 candidates whose 
papers were sent in, 2,494 passed, and will 
obtain a certificate, 1,964 having failed. The 
numbers of candidates who passed cr failed in 
each subject are given in the following Table :— 


| Candidates.| Passed. | Failed. 
Shorthand.........; 1,161 | 265 
Book-keeping ......| 1.126 515 
French... dasasssees 621 277 344 
Handwuriting....... 344 98 246 
Type-writing....... 543 291 252 
Arithmetic ........ 365 120 245 
German...ecesecess 195 180 | 15 
Commercial History 
and Geography... 103 as 2 
Totals...... | 4,458 2,494 | 1,904 


It was mentioned in the last Report that the 
Council had under consideration the establish- 
ment of a Senior Grade, as well as of a 
Preliminary Grade. On this subject no final 
decision has yet been arrived at, but the 
question is now receiving careful considera- 
tion. Whatever decision may be arrived at 
by the Council, it will be duly notified in the 
Programme for next year’s examinations, 
which will also contain the announcement of 
any modifications in the existing system, that 
the experience of a year may seem to render 
desirable. 

Considering the large number of candidates 
attracted by the new Preliminary Grade, it 
was only to be expected that the numbers 


JOURNAL OF THE SOCIETY OF ARTS. 


[Fune 28, 1901. 


entering for the ordinary examination, which 
now forms Grade II., would have shown a 
falling off. Such, however, was not the case, 
as there was actually an increase, although a 
slight one, the number of entries this year 
being 10,612, or 34 more than the corresponding 
number last year, 10,578. The figures for 
recent years (dealing with the numbers who 
actually came up for examination) are given in 
the following Table :— 


No. of No of 

vear | oatu] Pagers | Aiaren, | Sie" 
1893......4. | 3,702 3,916 109 13 
1894........ | 4,100 4,376 | 131 14 
1895..... ‘al 06777 5,108 146 I4 
1896..... ...| 6I 6,568 197 16 
1807 esra 6,919 7,513 | 220 19 
1898........ 7,636 8,372 | 243 19 
1899.. .e....] 8,750 9,581 | 260 23 
1900........| 8,894 | 9,808 ` 2067 23 
GOV ciated os 8,793 9,069 276 1g 


It is rather remarkable that although 
the number of entries was larger, the 
number of papers actually worked by candi- 
dates was smaller than last year—this year 
g,669 papers were worked, last year 9,808. 

So far as can be gathered from the figures, 
the quality of the candidates entering shows a 
distinct improvement. An improvement was 
apparent last year, but this year it is much 
more noticeable. It appears tolerably certain 
that a good many of the class of candidates 
who formerly entered, and either failed or took 
a third-class certificate, have now been at- 
tracted by the lower grade, while there has 
been a distinct increase in candidates of a 
better class. The percentage of first classes 
is a good deal higher than of recent years, it 
being now 11, whereas last year it was about 
7, and the year before about 8. The percent- 
age of second class (22°2) is a little better than 
last year (20°3), or the year before (21°0). The 
percentage of third class is now 40°4, as com- 
pared with 33°5 last year, and 29°56 in 1899, 
while the failures are 26°4, a decrease on 1900 
(29°6), and 1899 (32°7). 

As above mentioned, the number of papers 
worked this year was 9,66g9—the number last 
year was 9,808. Five of the subjects show a 
decrease, twelve an increase. The largest 
increase was in Shorthand, in which there were 
2,765 papers, as compared with 2,293. This 
and Book-keeping still continue to be the most 
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popular subjects. The number of candidates in 
Book-keeping was 3,676, a trifling falling off 
as compared with last year, when there were 
3,684. But it is satisfactory to note that the 
quality of the candidates in this subject shows 
a steady improvement, the percentage of 
failures having fallen from 31°68 in 1899 to 
29°21 in 1900, and to 22°g1 in 1go1. All the 
modern languages, except Italian, show an in- 
crease, the increase in some being pro- 
portionately very large. For French there 
were 619, as compared with 403 last year; 
tn German 346, as compared with 289; 
in Spanish 193, as compared with 108; in 
Portuguese 36, as compared with 33; in 
Russian 9, as compared with 7; in Danish 11, 
as compared with 3; in Italian there were 19, 
whereas last year there were 27. This increase 
is doubtless to be accounted for by the omission 
this year of the Elementary examinations in 
French, German, and Spanish, which also 
accounts for a falling off in the quality of the 
French candidates, as noted by the Examiner. 
in the German papers, comparison is not 
quite so easy because of the change in the 
Examiner. As regards the other subjects which 
show an increase, in Commercial Geography 
the change is very slight, 119 and 186; in Type- 
writing also there is not much change, 692 and 
673; Economics also shows about the same 
numbers, 33 and 29. The examination in 
Domestic Economy has been dropped. ‘The 
two music subjects both show increased 
numbers, Rudiments of Music 468 as against 
454; and Harmony, 212 and 197. Of the 
subjects in which there is a decrease, Book- 
keeping has already been mentioned. There 
is a comparatively large falling off in Arith- 
metic from 319 to 216, and there is a drop in 
English from 230 to 201; for Précis-writing 
there were 66 last year, and there are 52 this ; 
and, as previously mentioned, Italian has fallen 
from 27 to 19. Chinese and Japanese are still 
kept on the list though no candidates have yet 
entered for them. 

The illness, which terminated fatally, of 
Mrs. Marshall, the Examiner in Type-writing, 
rendered it necessary to appoint a substitute. 
On her recommendation, Mr. Morton of Glas- 
gow was asked to undertake the work. Asa 
few of Mr. Morton’s own pupils were up for 
examination, Mr. de Bear, of Pitman’s Metro- 
politan School, very kindly looked over and 
ceported on their papers. 

Another new feature in the system is the 
effer of a certificate of proficiency in Com- 
mercial Knowledge, to be awarded to any 
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candidate who has passed in five specified 
subjects within a period of three years, namely, 
1899, 1900, and 1go1. It is not yet possible to 
say what applications will be made for these 
certificates as the result of the current 
examinations. 


XV.—PRACTICAL EXAMINATIONS IN 
MUSIC, 1900. 


The Practical Examinations in Music for 
1900 were not concluded last year until the 
gth July, too late for the results to be included 
in the last Report of the Council. They were, 
however, published in the} Yourma/.* The 
examinations lasted for;13 days. 

Mr. John Farmer, who has acted as Examiner 
since 1895, was prevented by the state of his 
health from taking any part in the work, and 
the examination was conducted by Mr. Ernest 
Walker, M.A., Mus.Doc., Oxon., and Mr. 
Burnham Horner, the Assistant-Examiners. 

The system of examination was the same as 
that for last year. For instrumental music 
certain standards are given, and candidates 
are asked to select for themselves which of 
these standards they choose to be examined 
in. The standards range from easy to very 
difficult music. For each standard a list of 
music is given for study, and for the pianoforte 
examination a selection from this list is sent 
to the candidates six weeks previous to the 
examination. For other instruments the pieces 
can be at once chosen from the general list. 
Candidates are then expected to play or sing 
the pieces which they have prepared, and in 
the third and fourth standards to play a piece, 
or a portion of a piece at sight, in addition. 

In all, 566 candidates entered, and of these 
546 were examined, an increase of 17 as com- 
pared with the previous year; 5 of these took 
up two subjects, so that there were 551 exam- 
inations. Of these there were 521 passes and 
30 failures. : 

The following were the subjects taken up :— 
Piano, singing, violin, viola, violoncello, man- 
dolin, guitar, and organ. 419 entered for the 
piano, 395 of whom passed and 2 obtained 
medals; 68 entered for the violin, of whom 66 
passed and 1 obtained a medal ; 1 entered for 
the violoncello and passed; 2 passed for the 
mandolin; 6 entered and passed for the organ, 
and 1 obtained a medal; 52 entered for sing- 
ing, of whom 49 passed, 1 obtaining a medal; 
2 entered for the viola and passed, and 1 
obtained a medal; 1 entered for the guitar 
and failed. 


* See Fournal, vol. xlviii, p. 661, July 13, 1g00. 
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These examinations were proposed in 1876 
by Dr. Hullah, and were first established 
in 1879. Dr. Hullah acted as Examiner 
from 1879 till his death in 1884. He was 
succeeded by Mr. W. A. Barrett, who had 
for some time previously acted as his assistant 
in these examinations as well as in his official 
work. Mr. Barrett carried the work on till 
1891, when he died. Sir John Stainer was 
appointed examiner in 1892 conjointly with Mr. 
W. McNaught, but after serving for one year 
he was succeeded by Sir Joseph Barnby, who 
held the post till 1894 in conjunction with Mr. 
McNaught. In 1895 Mr. John Farmer was 
appointed, and he continued to act till 1899. 
Mr. Ernest Walker and Mr. Burnham Horner 
were appointed Assistant Examiners in 1895, 
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at Mr. Farmer’s request, and they acted as 
Examiners in 1900 and for the present 
year. 

In the first year of these examinations—1879 
—117 candidates were examined. This number 
increased gradually and intermittently to 27 
in 1891, and to 395 in 1895. In 1896 the 
system described in a previous paragraph 
of this report was introduced. No alterations 
have since been made in this system. In 1896 
there were 376 candidates, in 1897 there were 
392, in 1898, 539, in 1899, 529, in 1900, 566, 
and for the present year 573 have entered. 

The following Table shows the number of 
candidates who entered for the various 
Standards, since the adoption of the present 
system in 1896 :— 


Singing, &c. 
4th Standard. 
No Standards. 
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XVI.—PRACTICAL EXAMINATIONS 
MUSIC, 1901. 

The Practical Examinations for the present 
year have not yet been concluded. They only 
commenced on Monday, 24th June, and will 
be finished on the 6th July, after which a 
summary of the results will be given in the 
Fournal. The work of the examination is 
being carried out by Dr. Walker and Mr. 
Burnham Horner, who previously acted as 
assistant examiners under Mr. Farmer. 567 
candidates have entered for the present 
examinations. 


IN 


XVII.—SOCIETY’S MEDAL. 


The memters are aware that last yeara new 
medal was prepared for the Society. A slight 
flaw had shown itself in the die which has been 
used since 1863 for striking the Society’s 
medals, and a new die with a medallion por- 
trait of the President—H.R.H. the Prince of 
Wales—was prepared by Mr. Emil Fuchs. 
The only medals from this die which have been 
used, were those presented at the opening 
mecting of the session for the papers read last 


year. The accession of His Majesty King 
Edward VII., and his consequent vacation of 
the Presidency, rendered the preparation of a 
new medal necessary. His Majesty, how- 
ever, has graciously permitted the use of his 
effigy on the Society’s medals, and the only 
alteration which will be required will be an 
alteration in the inscription. This is now being 
made by the sculptor, Mr. Fuchs, and the die 
will no doubt soon be ready. 


XVIII.—MEMORIAL TABLETS. 


The only addition made since the last an- 
nouncement to the list of Memorial Tablets is 
the tablet to Ruskin, erected on the house, 
54, Hunter-street, where he was born in 1819, 
and where he lived till about 1824, when his 
father moved to Herne-hill. 

Permission has also been obtained for the 
erection of a tablet to Milton in Bunhill-row. 
Milton finished ‘‘ Paradise Lost’’ in a house 
in Artillery-walk, the original title of what is 
now Bunhill-row, and in that house he died in 
1674. The house itself, and the other houses 
adjacent, have long since disappeared. For 
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a long time its precise site was uncertain, but 
recent investigations appear to have made it 
certain that the original site is now covered by 
the factory of Messrs. Le Grand and Sutcliffe. 
Mr. Le Grand is a member of the Society of 
Arts, and he readily consented to the erection 
of a tablet as soon as it appeared that the 
precise site could be determined with fair 
accuracy. Circumstances have delayed the 
erection of the tablet, but it is hoped that 
it may be possible to set it up as soon as 
certain questions as to its precise character 
and position have been settled. 


XIX.—LEATHER FOR BOOKBINDING. 


The fact that the Council had appointed a 
Committee to examine and report on the 
question of Leather for Bookbinding was 
mentioned in last year’s Report. The antici- 
pations then expressed, that a useful and 
practical report might be expected, have, the 
Council are glad to say, been more than 
realised. The Committee, of which Lord 
Cobham is Chairman, have prepared a report, 
which is now complete, and will very soon be 
in the hands of the members, dealing in a very 
comprehensive fashion with the whole subject. 
They have not only accumulated evidence to 
show that the general belief that the leather 
now used for bookbinding is inferior to that 
which was formerly employed is justified; but 
have formulated definite instructions, by 
following which they believe that leather as 
good as any previously made may now be pre- 
pared. They have also satisfied themselves 
that it is quite possible to test leather in the 
laboratory in such a way that its permanence 
and general suitability for the purpose of book- 
binding may be ascertained, and that there is 
therefore no reason why those who desire to 
have books bound in leather of a durable and 
sound character should not have their desires 
gratified. The report also traces the causes 
which lead to the decay of leather used for 
bookbinding, and suggests the best means for 
avoiding such decay. 

The Committee have not considered the 
question as to whether it is desirable to set up 
any permanent standard for bookbinding 
leather, but they have provided the means of 
formulating such a standard ; and the Council 
propose to invite them to continue their work 
with a view of considering whether the formal 
establishment of such a standard is desirable 
and practicable. They also think it their duty 
to add that their thanks, and the thanks of all 


interested in the subject, are specially due to 
the scientific members of the Committee, who 
carried out an exhaustive series of experiments, 
and have thereby arrived at a definite settle- 
ment of a number of vexed questions. 


XX.—EXHIBITION OF MODERN 
ILLUSTRATION. 


It was stated in the last Report of the 
Council that an application had been made 
by the Society to the Board of Education, 
suggesting that an Exhibition should be held 
to illustrate the progress which had been made 
in the typographical reproduction of drawings 
for book illustration since 1860. That date was 
selected because since that year photography 
has been available for reproductive purposes, 
and consequently the original drawings have 
for the most part been preserved, and are 
available for comparison with the prints pro- 
duced from them. The Department assented 
to the proposal, and undertook the organisa- 
tion of such an Exhibition. It was at first 
proposed that it should be held in the autumn 
of 1900, but various circumstances led to its 
postponement, and it was not actually opened 
until the 14th of January in the present year. 

The Exhibition was restricted to illustra- 
tions capable of being printed with the 
text. Engravings, photogravures, and the 
results of other processes capable of being 
used for book illustration, but not capable of 
being printed on a typographic press, were 
excluded, as their admission would have 
rendered the scope of the Exhibition in- 
conveniently large. The exhibits were there- 
fcre restricted to woodcuts, and what are 
known as process reproductions (prints, that 
is, produced from surface blocks made by 
etching, or other process, from a photo- 
graphic copy of the original). In all cases, 
the original drawing was shown side by 
side with the reproduction, and the Exhibition 
therefore offered a most valuable opportunity 
of study to those engaged in the work of book 
and newspaper illustration. 

The works exhibited included illustrations by 
Lord Leighton, Sir John Millais, Marcus 
Stone, W. M. Thackeray, G. D. Leslie, 
Frederick Sandys, Luke Fildes, Richard 
Doyle, Holman Hunt, Frederick Walker, 
George Cruikshank, Sir John Gilbert, G. F. 
Watts, Sir Edward Poynter, Madox Brown, 
John Leech, Sir John Tenniel, George Du 
Maurier, Charles Keene, Hubert von Herkomer, 
Birket Foster, Hablét K. Brown (‘‘ Phiz’’), 
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Stacey Marks, Sir E. Burne-Jones, William 
Morris, Aubrey Beardsley, Phil May, E. T. 
Reed, Linley Sambourne, F. Carruthers Gould, 
Harry Furniss, Randolph Caldecott, Miss 
Kate Greenaway, Walter Crane, and many 
other artists, so that it was thoroughly repre- 
sentative of the modern British school of book 
illustration. There was also a good repre- 
sentative collection of Spanish, French, Ger- 
man, Swedish, Danish, Russian, Japanese, 
and American work, the last including con- 
tributions from J. M. Whistler, Joseph Pennell, 
and Edwin Abbey. The reproductions were 
produced by Dalziel Brothers, Swain and Co., 
Carl Hentschel, Cassell and Co., Waterlow and 
Sons, Hare and Co., the Swan Electric Engrav- 
ing Co., the Meisenbach Company, and other 
firms who are now devoting themselves to that 
class of work. Important contributions were also 
made by the Graphic, the I//ustrated London 
News, Punch, and many other newspapers 
and magazines. The Council consider that 
the Society is to be congratulated on the out- 
come of the suggestion submitted by them to 
the Board of Education. 


XXI.—CONVERSAZIONE. 


The annual Conversazione ‘of the Society is 
to be held on Friday next, the 28th inst., in 
the Gardens of the Royal Botanic Society, 
Regent’s-park, it having appeared probable 
to the Council that the members would appre- 
ciate a change from the arrangements of 
previous years, when the Conversazione was 
held at the South Kensington Museum, the 
Imperial Institute, or at the Natural History 
Museum. The Gardens will be specially 
illuminated, and the arrangements for music, 
refreshments, &c., are of the usual character. 


AATI.—OBITUARY. 


The losses which the Society has suffered by 
death during the past year are less heavy 
than in some recent years, but, at the same 
time, there are many valued members whose 
death the Society has to deplore. The Duke 
of Saxe-Coburg and Gotha had been a Vice- 
President of the Society since 1874, and while 
he was resident in England he took an active 
share in much of its work, especially in that 
connected with musical education. Several 
members who had served at various times on 
the Council have also passed away since the 
last Report. Of these, Mr. Francis Cobb took 
the most active part in the administration of 
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the Society's affairs, inasmuch as he acted as 
Treasurer for no less than four different periods 
—1878-1882, 1885-1889, 1891-1894, and 1896- 
1901. He was also at other times a Vice- 
President. Few, if any, of the members 
attended the meetings of the Society, of the 
Council, and of its Committees, so regularly 
and so frequently; and perhaps none of them 
had so intimate a knowledge of the Society’s 
working. Mr. William Luson Thomas was 
also on the Council at the time of his 
death, he having been a member of it 
since 1897. He took a great interest in 
all the work of the Society dealing with 
any of the applications of Art to industry, 
and was of special service in connection with 
the Applied Art Section and with the Litho- 
graphic Exhibition, held at South Kensington 
by the Science and Art Department at the 
instance of the Society. Lord Armstrong was 
a member of the Society since 1854, and served 
as a Vice-President. Sir Courtenay Boyle’s 
sudden death deprived the Society of a very 
useful member, a member who would have 
been of much service to it in the future. He 
was a Vice-President of the Society from 
1894-1897, and consented to act as Examiner 
in Handwriting in the new Preliminary Grade 
of the Society’s examinations. This office he 
undertook, in spite of his multifarious occupa- 
tions, in order to help in giving a successful 
start to a department of Commercial Educa- 
tion in which he was greatly interested. Sir 
Saul Samuel, for long time Agent-General for 
New South Wales, served either as a member 
of Council or Vice-President at intervals from 
1886 to 1898, and took an active part in the 
work of the Colonial Section. Sir John Bennett 
Lawes, the distinguished agriculturist, was 
elected a member of the Society in 1854, 
and received the Albert Medal in 1893, 
conjointly with Sir Henry Gilbert, for his 
services to scientific agriculture. Sir John 
Stainer was not a member of the Society, 
but he acted in 1892 as Musical Ex- 
aminer, and recently he was a member of 
the committee appointed by the Council to 
consider the arrangements for the Society’s 
examinations in Music. Mrs. Marshall had 
acted as Examiner in Type-writing since that 
subject was included in the Society’s system of 
Examinations in 1891. The death of Mr. 
Howard Room, who had been in the service of 
the Society since 1861, and its Accountant 
since 1875, was a very Serious loss. He was 
well known to, and greatly liked by, a large 
number of the members, who appreciated his 
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sterling worth and the manner in which he 
devoted his life to the service of the Society of 
Arts. 

Short biographical notices of the above 
named, and of several other members whose 
loss the Society has suffered, have appeared 
in the Journal. 


XXITIL.—NEW COUNCIL. 


The resignation of the Presidentship by the 
King imposed upon the Council the duty of 
filling the office thus vacated. As previously 
mentioned, the Council would have liked to 
have invited the Duke of Cornwall to accept 
the office, but the absence of His Royal High- 
ness from the country rendered any communi- 
cation on the subject impossible. They can 
only hope that on his return His Royal High- 
ness may be disposed to give favourable con- 
sideration to a proposal which they are certain 
all the members of the Society will cordially 
approve. The Council, therefore, elected as 
President Sir Frederick Bramwell, and now 
submit his name to the members for confirma- 
tion, feeling sure that their action will be en- 
dorsed by the unanimous approval of the 
Society. 

The death of H.R.H. the Duke of Saxe- 
Coburg Gotha reduced the number of Vice- 
Presidents by one, for, His Royal Highness 
having been nominated by the President, the 
vacancy has not to be filled up by a nomina- 
tion from the Council. 

In accordance with the provisions of the 
By-Laws, the four senior Vice-Presidents have 
to retire from the Council. These are Sir 
Frederick Abel, Mr. R. Brudenell Carter, Sir 
Villiers Lister, and Lord Strathcona. Sir 
Frederick Abel was elected in 1896, and the 
othersin 1897. To fill their places, the Council 
propose the following :—Sir John Wolfe Barry, 
Sir Edward Birkbeck, Sir Charles Fremantle, 
and Lord Rothschild. All these except Lord 
Rothschild have been on the Council in previous 
years. 

The regulations also entail the retirement 
of four members of Council—Mr. Lewis F. 
Day, Sir Westby Perceval, Professor J. M. 
Thomson, and Mr. J. W. Swan. The 
removal also of Sir John Wolfe Barry to the 
list of proposed Vice-Presidents makes another 
vacancy. To fill these places, the following 
are proposed by the Council :—Professor 
Francis Elgar, Sir Robert Giffen, Mr. Robert 
Kaye Gray, Mr. Charles Phipps Lucas, and 
Sir Walter Peace. None of these, except 


Professor Elgar, have been members of the 
Council before. . 

In consequence of the election of Sir 
Frederick Bramwell as President, and of the 
death of Mr. Cobb, the Coencil had to appoint 
two Treasurers. They selected Major-General 
Sir Owen Tudor Burne and Sir Owen Roberts, 
and now submit the names of these gentle- 
men for approval by the general body of 
members. 


XXIV.—LIST OF MEMBERS. 


The number of subscribing members on the 
Society’s books is 3,281, this includes a few 
Institutions in Union who subscribe from their 
own funds. The number of new members 
elected during the year was 376; the losses by 
death and resignation amounted to 217. 

` During the past thirty years the number of 

the Society’s members has not varied within 
very wide limits. In 1870 there were a little 
over 3,200; this rose in 1875 to 3,800. The 
numbers fell to 3,300 in 1881, and rose again to 
3,656 in 1885. By 1899 the numbers had fallen 
to 3,078, rising again last year to 3,123, and in 
the present year, as above stated, to 3,273. 
Fifty years ago the numbers were a little under 
2,000. The increase in the twenty years suc- 
ceeding 1850 was doubtless due principally to 
the great exhibitions of 1851 and 1862. The 
number of Institutions in Union was much 
larger before the Examinations were thrown 
open. There are now in all only 26 Institu- 
tions in Union with the Society. Thirty years 
ago there were about 150. 


XXV.—FINANCE. 


The annual statement of Receipts and Ex- 
penditure was published in last week’s Fournal 
in accordance with the provisions of the By- 
Laws. It shows that the finances of the 
Society are in a thoroughly sound condition,. 
and, as has been the case with similar state- 
ments of recent years, which show a general 
progressive improvement, it compares favour- 
ably with that of last year. The invested 
property of the Society has shown a steady 
increase during the past twenty-five years, 
having grown from a little under £3,000 to 
over £18,000. This is, of course, exclusive of 
Trust Funds under the Society’s control. On 
the death of Mr. Room, the Accountant, Mr. 
J. H. Buchanan, who had acted for some years 
as Mr. Room’s assistant, was appointed in 
his place. 
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The CHAIRMAN moved the adoption of the 
Report. 


Surgeon-Lieut.-Colonel J. INCE seconded the 
adoption of the Report, and said that he was glad to 
see that the membership was increasing, although 
the list was not so large as it should be. He thought 
that the satisfactory condition of the finances 
guaranteed the success of the Society. He remarked 
on the changes which were proposed to be made in 
regard to the Presidency and the composition of the 
new Council, and said the members would notice 
in the balloting-list the name of Sir Frederick 
Bramwell proposed as President. He thought Sir 
Frederick Bramwell had the greatest claims upon the 
Society— he was a very familiar and welcome figure 
at their meetings. In regard to the Council, he felt 
sure that the infusion of new blood would promote 
the progress of the Society. 


Sir WILLIAM PREECE, K.C.B., F.R.S., referred 
to the observations which Colonel Ince had made 
respecting the number of the Society’s members, 
which he considered was small in comparison 
with what it should be. He himself had 
often asked people to join the Society, and had 
been told that they had no time to attend the 
meetings. His reply had always been that the 
value of the work of the Society was not merely in 
the discussion of the papers read in the meeting-room, 
but in the record of work preserved in the Society’s 
weekly Journal. The great thing about the pro- 
ceedings of the Society was the wide range of the 
subjects taken in hand. Scarcely anything that 
attracted public attention but formed the basis 
of a paper before the Society, and they were 
fortunate in getting masters of the subjects to 
come to the meetings and take part in the 
discussions. No more valuable journal was pub- 
lished in this country than the Yournal of the 
Society of Arts, and everyone who had been induced 
by him to become a member had felt thankful for 
having been asked to join such a useful Society. This 
year the Society had started an innovation by arrang- 
ing for a course of lectures intended to be entirely 
educational, the subject, ‘‘ Polyphase Electric Work- 
ing ” being an extremely valuable one. This most 
recent development of electricity served to transmit 
energy from one spot to another, though sepa- 
rated by great distances, and by its means they 
were able to use the great power of the water- 
falls now running to waste in so many parts of 
the world. Where water-power was abundant the 
engineer was, with financial help, enabled to utilise it 
by the aid of electricity and the special employment 
of the three-phase system, which formed the subject 
of the educational course given by Mr. Eborall. 
He thought next year they should introduce a 
course of lectures of an cducational nature dealing 
with wireless telegraphy. It had formed the subject 
of several papers before the Society, but the popular 


interest in it did not cease, and was still growing. 
Then, again, the Society exhibited the greatest 
variety in its work. No contrast could be greater 
than the charming paper read by Professor Flinders 
Petrie dealing with the first birth of civilisation, 
tracing back the origin of civilisation certainly 7,000 
years before Christ, and the course of lectures by 
Major Cardew on electric traction, which, when 
published, would be found to contain matter worthy 
of the serious attention of every member of the 
Society. 


Mr. VALENTIN T. LEWIS endorsed the remarks of 
Sir William Preece as to the value of the Yournal. 
He said he looked forward with the greatest pleasure 
to the receipt of the weekly number, and felt sure, if 
the Journal covld be more widely circulated, the 
merits and the efforts of the Society would be still 
further apreciated by the outside world. 


Mr. J. J. VEZEX was of opinion that no Society 
was more efficiently and enonomically managed than 
the Society of Arts. In respect to Colonel Ince’s 
remarks about the financial standing of the Society, 
he thought it was necessary to urge upon members 
the need of increased membership, as they had a 
heavy outlay to face in the future, when the Society’s 
lease expired. 


The CHAIRMAN considered Mr. Vesey’s remarks 
were of very great importance, as the Society would 
before long have to consider the question where it 
was to be housed later on. In view of the fact that 
the Society’s influence was extending in India and the 
Colonies, and that there had been a large increase in 
the number of Indian and Colonial members of late, 
he thought there would be a larger area opened up in 
the new empire, from which to obtain new members. 


The adoption of the Report was then agreed to. 


The CHAIRMAN moved a cordial vote of thanks 
to Sir Henry Trueman Wood (the Secretary) and 
Mr. Wheatley (the Assistant Secretary), and the 
other officers of the Society, which was seconded by 
Mr. W. GREEN, and carried unanimously. 


The SECRETARY, in returning thanks, referred to 
the death of Mr. Room, which, he said, had been a 
heavy loss to the Society, but a still heavier one to 
himself. 


The ballot having remained open for one 
hour, and the Scrutineers having reported, the 
CHAIRMAN declared that the following had 
been elected to fill the several offices. The 
names in zfa/ics are those of members who 
have not, during the past year, filled the office 
to which they have been elected. 
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PRESIDENT. 
Sir Frederick Bramwel!, Bart., D.C.L., F.R.S. 


VICE-PRESIDENTS. 


Duke of! Sir Edward Birkbeck, 
Cornwall and York,; Sart. 
K.G. Michael Carteighe, F.C.S. 
Duke of Abercorn, K.G., | Sir Edwin Durhing- 


C.B. Lawrence, Bart., M.P. 


= oe rane ‘Sty! D.C.L., LL.D., F.R.S. 
The Lord Chief Justice, Z0”. Sir Charles Fre- 
G.C.M.G. , mantle, K.C.B. 


i 


Lord Avebury, Bere Graham Harris 


H.R.H. the 


F.R.S. Sir Charles Malcolm 
Sir Benjamin Baker,i K.C.M.G., C.B. 

K.C.M.G., F.R.S. | Ludwig Mond, Ph.D., 
Sir John Wolfe Barry,| ERS. 

A.C.B., F.R.S. on. Richard Clere 


Sir Steuart Colvin Bayley, m 
K.C.S.I., C.I.E. i 
Lord Belhaven 


Parsons 
and | Lord Rothschild 
Stenton | Sir Thomas Sutherland, 


Sir George Birdwood, | G.C.M.G., M.P. 
K.C.1.E.,C.S.1., M.D., ' Sir William Henry White, 
LL.D. | K.C.B., LL.D., F.R.S. 


ORDINARY MEMBERS OF COUNCIL. 
Professor Francis Elgar, Sir William Henry Precce, 


LL.D., F.R.S. K.C.B., F.R.S. 

Sir Robert Giffen, K.C.B. | Sir Walter S. Prideaux 
eee Sir William Chandler 

Robert Kaye Gray Roberts-Austen, 

Sir William Lee- Warner, K.C.B., F.R.S. 
K.C.S.I1., M.A. : 

Charles Phipps Lucas, Alexander Siemens 
C.B. Carmichael Thomas 

Sir Walter Peace, | John I. Thornycroft, 
K.C.M.G. F.R.S. 

TREASURERS. 

Major - Gen. Sir Owen | Sir Owen Roberts, M.A., 
Tudor Burne, G.C.I.E., D.C.L., F.S.A. 
K.C.S.I. 

SECRETARY. 


Sir Henry Trueman Wood, M.A. 


On the motion of the CHAIRMAN, a vote of thanks 
to the Scrutineers was carried unanimously. 


Mr. CARMICHAEL THOMAS proposed a vote of 
thanks to the Chairman. 


Surg.-Lieut.-Col. J. INCE seconded the motion. 


The resolution was put to the meeting and carried 
unanimously. 


The CHAIRMAN acknowledged the vote of thanks. 


The meeting then adjourned. 


Miscellaneous. 
—— 


THE MINERAL SPRINGS OF AUSTRIA. 

The mineral springs of Austria represent medicinal 
waters of the most varied chemical combinations, and 
adapted to the alleviation and cure of many diseases. 
The proceeds of the very large sale and exportation of 
the waters, however, represents only a part of the 
profit that the country derives from these springs. 
Situated in beautiful mountainous regions, they have 
become the nucleus of flourishing health resorts, to 
which thousands of visitors come annually. It is 
customary to collect from visitors staying for a longer 
period than five days a cure tax, graded according to 
rank and means of the visitor into first, second, and 
third-class, and vasying from 4 to 20 crowns (about 
3s. 4d. to 16s. 8d.). The revenue thus derived is 
applied to beautifying the Spa, and providing several 
concerts daily. The province of Styria contains three 
spas of great importanee—Rohitsch - Sauerbrunn, 
Radein, and Gleichenberg. The two celebrated 
springs of Rohitsch-Sauerbrunn—the Temple and 
Styria springs—are employed exclusively for drinking. 
The waters are saline, alkaline, acidulous, form a 
refreshing drink, and those of the Temple spring have 
been exported in large quantities to all parts of the 
world for two centuries. According to the United 
States Consul-General at Vienna, the export of 
the Styria Spring waters was begun only in 1884. 
They are especially favourable for diseases of the 
digestive organs. More than 1,000,000 quarts of these 
waters are annually exported. Up to 1889 the 
bottling was effected by means of pumping engines, 
but as by this method a part of the carbonic acid 
escaped, a new central filling plant was projected, a 
feeding shaft through which the waters should be con- 
ducted in enamelled pipes at a moderate decline from 
the bottom of the spring inclosures. This has proved 
entirely successful, the escape of carbonic acid being 
avoided, enabling besides a more rapid and ample use 
of the springs. The waters are taken cold, for obesity, 
scrofulous affections, gout, anemia, Bright’s disease, 
chronic catarrh of the stomach or throat, and habitual 
constipation; warm, for severe cases of stomach 
catarrh and ulcers, chronic catarrh of the bowels. 
obstinate cases of jaundice, gall-stones, diabetes, and 
catarrh of the larynx and bronchia. The special 
attribute of the Radein springs is the considerable 
quantity of bound carbonic acid which they contain. 
The waters of the springs exercise a healing effect in 
cases of bladder and kidney diseases, and act 
favourably on catarrh of the respiratory organs. 
Gleichenberg contains four celebrated springs— 
the Constantin, Emma, Johannis, and Klausen 
steel springs. It is a spa much resorted to 
by sufferers from throat and lung diseases. For 
local treatment of catarrh, inhalation of an ato- 
mized product of the Constantin Spring—“ spring 
brine ”—is employed. By evaporation of the spring 

aters in large pans, steam being the motive power, 
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the earth carbonates are expelled, and the remaining 
solution of alkalis reduced to one half. When the 
aërometer shows a specific gravity of ror the con- 
centration process is stopped, and the 1 per cent. 
solution filled into cylindrical containers. Through 
these by an automatic manipulation, the carbonic acid 
gas of the spring is conducted at night in order to 
effect the restoration of the carbonates to bicarbo- 
nates, a necessary process, for the reason that the 
carbonates generated by the heating of the alkalis 
might produce irritation of the mucous membrane of 
the bronchia. The Klausen steel waters are success- 
fully employed as a remedy for poorness of blood 
and as a tonic for convalescents. The springs of 
Levico, in the Tyrol, have been known for more than 
200 years. The waters, owing to-a combination of 
arsenious acid with sulphate of iron salt, possess a 
special virtue as a remedy in cases of anzemia, scrofula, 
nervous disorders and skin diseases. The Levico 
waters are crystalline, colourless and pure, and 
of proven efficacy in nervous affections and 
skin diseases. The Roncegno springs, also in the 
Tyrol, are noted for their arsenic properties. and the 
waters are efficacious in diseases of the blood, nerves, 
abdominal organs, and skin. These waters are also 
applied externally, mixed with one-third part distilled 
water, and used as a gargle or lotion; further, as a 
partial bath in cases of skin troubles. Upper Austria 
possesses two spas of great celebrity—Gastein and 
Hall. The Gastein thermal water takes its origin 
from sixteen springs. The temperature of these 
springs varies from 22° to 49°5° Réaumur, and remains 
the same throughout the year, the waters all showing 
the same chemical elements. The Gastein waters are 
helpful in diseases of the bladder and the kidneys, 
nervous dyspepsia, and chronic catarrh of the respira- 
tory organs. Hall is specially fam®us for the iodine 
products of its springs, which are successfully em- 
ployed in the form of poultices and baths, as also in 
internal doses for ailments of the bones and joints, for 
scrofula and anemia. The province of Carinthia con- 
tains the two famous Preblau and ‘‘ Römer” springs. 
The Preblau waters are known as the prototype of the 
purest of alkaline and carbonate of soda springs, and 
issue at a depth of five feet from the crystalline rock. 
They are largely used as table waters. Their export 
has steadily increased from about 100,000 bottles 
in 1871 to 500,000 bottles at the present time. The 
Corinthian “Römer” (Roman) Spring derives its 
name from its situation on the old Roman highway 
which connected Celeja with Virunum, the capital of 
the ancient Noricum. It issues from conglomerate 
rock at a rate of 14 quarts per minute, increased to 
47 quarts by a force pumping engine. It is a 
permanently flowing spring, independent of all 
changes of the weather. The waters are clear, odour- 
less, and of pleasant acidulous taste. The tempera- 
ture is 10° Celsius ; the specific gravity, 1003021. The 
proportions of iron and organic substances contained 
are remarkably small. The waters are efficacious for 
all affections of the mucous membrane, catarrh, 


cough, hoarseness, throat troubles, disgestive dis- 
turbances, and diseases of the bladder. The Darkan 
iodide-bromine spring is situated in the province of 
Silesia. Of all known iodine waters these contain the 
largest amount of fixed bromine elements. The iodide- 
salts gained from this spring are used as ad- 
mixture to baths, washes for local application, 
and for wet compresses. Rickets, scrofula, skim 
affections, gout, rheumatism, and kindred diseases 
are said to be curable through use of this. 
spring. The Guber springs, of Srebenica, in Bosnia, 
are noted particularly for the large amount of sulphate 
of protoxide of iron and arsenic oxide which the 
waters contain. They are most beneficial in diseases 
consequent on an abnormal composition of the blood, 
in skin and nervous disorders. The Sczcawnica 
springs, of Galicia, are alkaline, muriatic, acidulous, 
containing a large amount of iodine and bromine, 
and are beneficial in diseases of the respiratory 
organs and abdominal troubles. The province of 
Moravia contains two mineral springs of importance, 
those of Luhatowitz and Saratica. The former are 
alkaline-muriatic, and in the amount of carbonate, 
iodide, bromide and chloride of soda, as well as of 
iron which they contain, are to be reckoned among 
the most powerful and dissolvent of medicinal waters. 
They are particularly efficacious in lingering cases of 
catarrh, gouty affections, gravel, and stone. The 
Saratica waters are a mild but highly effective 
aperient, and are taken for catarrh of the stomach 
and bowels, gout, and obesity. It is probable 
that no other territory of equal extent in the 
world contains so many mineral springs and of 
so diversified a character in the healing uses 
to which their waters are applied as the 
northern half of Bohemia. Within this territory 
are Carlsbad, Marienbad, Bilin, Johannisbad, 
Franzensbad, and a multitude of other places less 
widely known, where mineral springs yield waters 
which cure disease by internal or external use. Near 
the city of Prague are several resorts, local in reputa- 
tion, but situated among delightful surroundings. 
Bad Schlag is small, but its baths are found to be 
health-giving. Liebwerda is more populous during 
the season, and many people in impaired health find 
relief from its chalybeate springs. Johannisbad in the 
Riesengeberge has a large number of springs. The tem- 
perature ofthe water is always 82° Fahr. Itis chiefly 
used for baths, and is remedial in all nervous disorders. 


Correspondence. 
$f 
THE TOWN AND ISLAND OF BOMBAY. 


I was unable, at the meeting of the 16th May, to 
wait for the discussion on Mr. Forrest’s paper, in 
which I wished, as an old resident of Bombay, to take 
my part; and shall be glad, therefore, if you will 
allow me to express by letter my concurrence in all 
that was said in praise of the paper by the Chairman, 
and to add some remarks suggested by the subject 
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itself—in the choice of which, as in its treatment, 
Mr. Forrest was so singularly happy. 

The subject commends itself to every one who has 
ever lived in Western India, and to every one else, 
who, not so fortunate, can yet realize the importance 
in our Imperial system of the position and progress of 
Bombay; and so genuine and instructive was Mr. 
Forrest’s appreciation of the beauty, and the fame, 
and the vaiue of that fair City by the Sea, and its 
institutions, that really no occasion is left for criticism. 
And yet I would ask for just a little space in the 
JFournal—only because I have known Bombay so 
long—and merely to note two or three facts that 
seem to be noteworthy in connection with the general 
scope of the paper. 

I will say nothing about the marvellous develop- 
ments that I have myself witnessed, during the past 
forty years, in almost every direction, whether as 
regards the outward appearance of the city and its 
public and private buildings, or its municipal adminis- 
tration, or its educational institutions, or its com- 
merce, or its traffic by rail and road and water, or 
any other weighty matters affecting the condition, 
comfort and convenience of the people. But the 
presence in the chair of the maker of the Victoria 
Gardens will have reminded many who heard Mr. 
Forrest speak on some of those topics of the remark- 
able diffusion in Bombay of a taste for gardening, 
not confined to one class of the community, and dis- 
tinctly of advantage to the whole city, and due, 
without doubt, to the work done and the initiative 
given by Sir George Birdwood at the Victoria 
Gardens, the site of which, before his time, was a 
barren, unsightly morass. There was, indeed, before 
his time, a noble and stately garden of rare and 
beautiful trees, and tropical climbers, and showy 
shrubs at Sewree, the site of the present European 
cemetery; but it was too far from the homes 
of the people to bring any influence into their 
lives. When, however, the new gardens sprung 
up, as if by magic, by the way side—on the 
way from the city to the Government House 
at Parel — all Bombay was impressed. People 
came and saw, and were convinced. Enthusiasm 
spread, and gardens of the old style, laid out mainly 
with a view to profit and kept up anyhow, and waste, 
unlovely spaces, not laid out or kept in any order at 
all, were rearranged and maintained on new lines 
and better principles; and now a true love of 
gardening, and skill in the practice of it, have be- 
come the rule of many lives, and not the exception. 
No householder, who has even a little plot of land 
about his house, will rest till he has transformed it to 
a little paradise of trim turf, and brilliant bloom of 
“flowers of all heavens, and lovelier than their 
names,” and cool recesses of palm and fern. And 
public bodies and associations too, though more 
slowly, have been smitten by a like unrest, and 
though they cannot undo in every case the evil 
wrought by past folly and neglect,—(as when the 
wonderful natural beauties of the eastern face of 
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Malabar Hill were hopelessly wrecked and gigantic: 
boulders of trap on the rocky hill side—‘ crags, 
knolls, and mounds confusedly hurl’d, the fragments 
of an earlier world,”—were broken up for road metal, 
and the wild tangle of a most picturesque jungle 
cleared to make room for houses unworthy of the 
site),—yet a truer sense of public duty as regards the 
preservation and improvement of public place, and a 
higher degree of public taste have now been attained ; 
and it is recognized that, not only for the health an¢ 
happiness of the poor dwellers in crowded districts 
are fair and open parks and gardens essential,—as 
fair and attractive as civic wit can make them,—but 
that, elsewhere, in more favoured parts of the city, 
even the glory of fine buildings is not complete with- 
out a setting of lawn, and trees, and flowers. More- 
over, to maintain the numberless gardens, public and 
private, in a proper state, a new industry has practically 
been created in Bombay. Gardeners from the Ratnagiri 
District, from the Dekhan, and elsewhere, have 
crowded to the great centre of attraction, and it 
would be difficult to find anywhere a more intelligent 
race, full of professional zeal and love of flowers, and 
ready to assimilate new ideas—as all gardeners are not. 

Eminently successful among the successors of Sir 
George Birdwood in charge of the Victoria Gardens 
have been Colonel Wellington Gray, who introduced 
many new plants into Bombay gardens from other 
parts of India and from Europe too, and the late Mr. 
Gustav Carstensen, who was an accomplished botanist 
and a highly-skilled and most enthusiastic practical 
gardener. Among unofficial gardeners, the names of 
the late Mr. Frank Jefferson, the excellence of whose 
work may still be seen at the Ladies’ Gymkhana on 
Malabar Hill, of the late Mr. Rienzi Walton, who 
laid out the Hanging Gardens on Malabar Hill for 
the Bombay Municipality, and of Mr. Agnew 
Turner, than whom I never met a more adventur- 
ous or better gardener, will not soon be for- 
gotten; and I may add that, among the owners of 
private gardens, few have been more successful 
than Mr. Forrest himself, who would readily admit 
the value to busy men in Bombay of the hours of 
relaxation spent in gardening. 

But I should wish also to mention another matter 
in which Mr. Forrest was well known to have taken a 
deep interest. He referred, towards the close of his 
paper, to the European General Hospital —now 
known as St. George’s Hospital—and to the Con- 
valescent Home for European patients at the Hil? 
Station of Khandalla. But, with characteristic 
modesty, he omitted to say that, as Secretary of the 
Hospital Endowment Fund Committee, he himself 
bore the chief part of the burden of collecting funds. 
for the Convalescent Home, and for increasing the 
nursing staff of the Hospital. No better work could 
be done by any Englishman for his sick and suffering 
countrymen in a distant land. The new hospital, 
of which Lord Reay laid the foundation stone, is in 
every way suited to its purpose, and is worked by an 
efficient staff of physicians and surgeons. But the 


620 


JOURNAL OF THE SOCIETY OF ARTS. 


[Fune 28, 1901. 


ablest of medical officers can do little without the aid 
of good nurses; and these Mr. Forrest has practically 
provided. For that good service, and for founding 
the Convalescent Home at Khandalla, his laurels will 
wemain green for some time yct in Bombay. 
HERBERT BIRDWOOD. 
Twickenham, r2th June, 1901. 


I should like to call attention to Sir George Bird- 
‘wood’s remarks about Madras when introducing Mr. 
Forrest’s paper on the Town and Island of Bombay. 
It does not follow because Mr. Rees in his paper 
said little about the city of Madras that there is little 
to be said. With Sir Mountstuart Elphinstone Grant 
Duff in the chair, it was inevitable, and perhaps desir- 
able that Mr. Rees’ paper should lean towards flora 
and fauna, to the exclusion of matter which many 
people might think of greater interest. 

Poor Madras never had much money at her dis- 
posal, but what she had to spend was always spent 
in the right direction. So much can hardly be said 
of Bombay. While honouring her for the admirable 
use she made of her great wealth, many of her true 
sons regret she acquired it so suddenly. The late 
Lord Napier and Ettrick, the most able art critic 
India has seen, regarded it more as a misfortune than 
a blessing, as it was the means of introducing into 
Bombay Gothic of a questionable type, a new 
passing fashion, which even in England, its birth- 
place, has completely passed away and is forgotten. 

ROBERT FELLOWES CHISHOLM. 


Neucnheim, Rusthall-avenue, Bedford-park, W., 
June 18, rgor. 


FORESTRY IN MADRAS. 

Having just returned from abroad, it is only now 
that I have had an opportunity of reading the report 
of Mr. Rees’ paper on the Madras Presidency, which 
appeared in the Society’s Journal of May 1oth. 

The author of this interesting paper, while giving 
examples of the great progress which had been made 
in that Presidency with regard to certain economic 
and social matters, at a time before they had received 
much attention in the other Presidencies, curiously 
enough omits to point out that it was in Madras 
that the earliest successful attempt was made to 
initiate an organisation for the preservation and 
control of the forests. In fact, in acknowledging 
the admirable service to Indian forest conservancy 
rendered by Sir Mountstuart Grant Duff and Sir 
Dietrich Brandis during the tenure of office of the 
former as Governor of Madras, Mr. Rees used words 
which are likely to convey to the casual reader the 
idea that prior to the days of the two gentlemen 
just mentioned, the Government of Madras had taken 
no steps to preserve the magnificent forests of the 
Western Ghats. Asa matter of fact, the origin of 
Forest Conservancy in Madras dates from 1848— 
nearly a quarter of a century earlier! This fact was 
pointed out by Sir Alexander Arbuthnot (lately of the 
Madras Government, and of the Indian Council), in 
the discussion which followed the reading of a paper 


on “ Indian Forestry,” by Dr. Schlich, at the Colonial 
Institute, so long ago as March, 1890. In criticising 
the statement which had been made at the meeting, 
to the effect that Forest Conservancy in India dates 
from 1862, Sir Alexander spoke as follows :— 

“In the historical part of the lecture, I do not 
think quite enough was said as to the debt due to 
those whom Dr. Schlich describes as the pioneers of 
Forest Conservancy in India. In forestry, as in 
other matters, there must be a beginning; and 
if it had not been for the movement which 
took place in Madras nearly forty-three years ago,* 
it may be doubted whether the establishment of a 
thorough and complete system of forest conservancy, 
such as has now, in a great measure, been estab- 
lished in India, would have not been delayed for a much 
longer period. Therefore in any paper which pro- 
fesses to deal with the history of Forest Conservancy, 
the names of those who set the work in motion should 
not be overlooked. General Frederic Conyers Cotton 
must be regarded as the original promoter and sug- 
gester of Forest Conservancy in India. It was at his 
instance that General (then Lieutenant) Michael was 
appointed by the Government of Madras to introduce 
a system of Forest Conservancy in the Annamallay 
Mountains, a duty which he discharged for several 
years with conspicuous efficiency, energy and zeal, 
thereby establishing a well-founded claim to be 
regarded as the first working pioneer of Forest Con- 
servancy in India.’’ 

A similar, but more detailed, account of the 
beginnings of Forestry in India is given in Sir 
Clements Markham’s ‘“ Moral and Material Progress 
of India for 1872-3” (Parliamentary Blue book, 
June, 1874). After describing the origin of Forest 
Conservancy in Madras in 1848, he goes on to say 
that in 1854 the Court of Directors recognised the 
success of the Madras operations begun by Lieutenant 
Michael. Sir Clements explains that Lieutenant 
(now General) Michael was compelled from illness to 
give up forest work in 1855, but (he goes on to 
remark), ‘‘ by this time the importance of forest con- 
servancy had become apparent, and Dr. Cleghorn was 
appointed to succeed Lieutenant Michael, and became 
the first ‘Conservator of Forests’ in the Madras 
Presidency.” Sir Clements adds, ‘‘ Dr. Cleghorn not 
only continued the work of Lieutenant Michael in 
Madras, but also laid the foundation of forest 
administration in the Panjab, and was subsequently 
associated with Dr. (now Sir Dietrich) Brandis in 
organising the Forest Department in the Bengal 
Presidency.” He further mentions that Dr. Brandis 
was uppointed Inspector-General of Forests to the 
Government of India in 1864. 

I think Mr. Rees might justly have taken credit to 
his Presidency for the fact that the two pioneers of 
fhe present large and successful Indian Forest De- 
partment—General Michael and the late Dr. Cleghorn 
—were Madras officers. G. KING. 

Athenxum Club, June rsth, rgor. 


* Counting backward from 1890. 
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Notices. 
Se 
CONVERSAZIONE. 


The Society’s Annual Conversazione was 
held in the Gardens of the Royal Botanic 
Society, Inner Circle, Regent’s-park, on Friday 
last, 28th ult. 

The following members of the Council were 
present :—Sir John Evans, K.C.B., F.R.S., 
The Lord Chief Justice, G.C.M.G., Sir John 
Wolfe Barry, K.C.B., F.R.S., Lewis Foreman 
Day, Sir William Lee-Warner, K.C.S.I., 
M.A., the Hon. Richard Clere Parsons, Sir 
William Preece, K.C.B., F.R.S., Sir Owen 
Roberts, M.A., Sir William Roberts-Austen, 
K.C.B., F.R.S., Carmichael Thomas, John 
I. Thornycroft, F.R.S., and Sir William Henry 
White, K.C.B., F.R.S. 

A Selection of Music was performed by the 
String Band of the Royal Artillery (Conductor: 
Cavalier L. Zavertal) in the Conservatory, 
and by the Band of the Grenadier Guards 
(Conductor: A. Williams, Mus.Bac.Oxon) in 
the Rhododendron tent and in the gardens. 

A vocal and instrumental concert was given 
by the Royal Criterion Hand Bell Ringers and 
Glee Singers under the direction of Mr. Harry 
Tipper in the Club-house. 

There was a special exhibition of growing 
and cut roses by Messrs. W. Paul and Son, of 
Waltham-cross, in a marquee on the West 
Lawn. Messrs. Paul and Son exhibited 
several of the latest novelties in roses intro- 
duced by them. The tent was illuminated by 
the new Kitson Incandescent Oil Light. 

The number of visitors attending the Con- 
versazione was 2,126. 


Proceedings of the Society. 
—i 


REPORT OF THE COMMITTEE ON 
LEATHER FOR BOOKBINDING.* 


Committee. — Sir John Evans, K.C.B., 
F.R.S., Chairman of the Council of the Society 
of Arts; The Right Hon. Viscount Cobham, 
Chairman of the Committee; T. J. Cobden- 
Sanderson (Bookbinder); Douglas Cockerell 
(Bookbinder); Cyril Davenport, F.S.A. (British 
Museum Library); E. Gordon Duff (late of the 
John Rylands Library, Manchester); Sieg- 
mund Hermann Epstein (Leather Manufac- 
turer); Ernest Fuller (Messrs. Bevington and 
Sons, Leather Manufacturers); Richard Gar- 
nett, C.B., LL.D. (late Keeper of the Depart- 
ment of Printed Books, British Museum); 
Walter James Leighton (Bookbinder); The 
Right Hon. Sir Herbert Maxwell, Bart., M.P., 
F.R.S. (President of the Society of Antiquaries 
of Scotland); J. Gordon Parker, Ph.D. 
(Director of the London Leather Industries 
Research Laboratories, Herold’s Institute, 
Bermondsey); William Henry Perkin, LL.D., 
Ph.D., F.R.S. (Past-master of the Leather- 
sellers’ Company); Miss S. T. Prideaux 
(Bookbinder); Professor Henry Richardson 
Procter, F.1.C. (Professor of Leather Industries 
at the Yorkshire College, Leeds); A. Sey- 
mour-Jones (Leather Manufacturer, Wrex- 
ham); Robert Steele F.S.A. (Assistant-Secre- 
tary and Librarian of the Chemical Society) ; 
Joseph Zaehnsdorf (Bookbinder); Sir Henry 
Trueman Wood, M.A., Secretary of the 
Society of Arts. 


The decay of leather used for bookbindings 
has for long been a subject which has attracted 
a great deal of attention and interest amongst 
librarians and book collectors. The first at- 
tempt which was made to investigate the con- 
ditions leading to such decay appears to have 
been made by Faraday, whose historic re- 
searches into the condition of the library of 
the Athenzeum Club in 1842 still remain the 
only serious attempt made to investigate this 
subject.t Of late years the matter has received 


è This report will be reprinted as a pamphlet, and pub- 
lished by Messrs. George Bell and Sors; price one shilling. 

+ Professor Faraday delivered a lecture on “ Light and 
Ventilation,” at the Royal Institution, on April 7th, 183, 
which was chiefly devoted to the consideration of the 
ventilation of lighthouses; in the latter part of the lecture, 
however, allusion was made to the ventilation of the 
Athenicum Club. * His new mode of ventilating burners of 
lamps" is thus described. It “consists in using two glass 


622 . 


JOURNAL OF THE SOCIETY OF ARTS. 


[Fuly 5, 1901. 


still more earnest attention owing to a growing 
belief among librarians that the quality of the 
leathers now made for bookbinding purposes 
is inferior to that made previous to, say, the 
middle of the last century. The matter has 
been discussed on several occasions at meet- 
ings of the Library Association, and about two 
years ago a meeting of persons specially 
interested in the question was held at the 
Central School of Arts and Crafis in Regent- 
street, under the chairmanship of Mr. Cobden- 
Sanderson. This meeting formed itself into a 
Committee to encourage the production of 
sound and durable leather for bookbinding. 
The Committee held several meetings, and 
some of its members carried out a good deal of 
investigation and experiment, but it appears 
to have come to the conclusion that the matter 
was too large a one to be dealt with by a 
separate and informal body of the sort, and 
it was decided to request the Council of the 
Society of Arts to undertake a thorough investi- 
gation of the whole question, and, after having 
donce so, to issue a Reporti upon it. 

In February, 1900, the Council of the Society 
of Arts acceded to this request, and appointed 
a Committee, with instructions to enquire fully 
into the subject, and to report on the dura- 
bility of the leathers now used for the purpose 
of binding books. This Committee met for the 
first time on the 3rd of May, 1900, when Lord 
Cobham was elected as Chairman. Its first 
step was to appoint two Sub-Committees from 
amongst its members. The first of these was 
to visit a selected number of libraries, and to 
ascertain the comparative durability of the 
various bookbinding leathers used at different 
periods and preserved under different condi- 
tions. This Sub-Committee was composed of 
the following members :—Mr. Cyril Daven- 
port, Dr. J. Gordon Parker, Mr. A. Seymour- 
Jones, Mr. W. J. Leighton, and Mr. 
Douglas Cockerell. The second Sub-Com- 
mittee—consisting of Dr. J. Gordon Parker, 
Professor Henry R. Procter, and Mr. A. 
Seymour-Jones—was appointec to deai with 
the scientific side of the matter, to ascer- 
tain the cause of any deterioration noticed, 


chimneys, one within the other, the outer one being covered 
by a sheet of mica, and the products of combustion pass up 
the interior class chimney, and then pass down inside the 
outer glass chimncy, the products of combustion being then 
rcceived into a pipe which carrics them into the outer atmos- 
phere.” Mr. James Faraday read a paper before the Insti- 
tution of Civil Engineers on June 13th, 1833, entitled: 
“ Description of a mode of obtaining the perfect ventilation 
of Lamp-Burners.’’ (Proceedings of the Institution, 
vol. ii. p. 184.) Professor Michael Faraday spoke in the 
discussion that followed the paper. 


and, if possible, to suggest methods for its 
prevention in the future. 

The Reports of the two Sub-Committees are 
printed as appendixes. They contain the 
details of the work of the Committee which is 
summarised in the general Report. Reference 
should in all cases be made to the appendixes 
for special and detailed information. 

The Report of the first Sub-Committee 
forms Appendix I. The first step taken by 
the Sub-Committee was to visit a number 
of libraries, including that of the British 
Mus2um, the Bodleian Library, Oxford, 
the University Library Cambridge, the 
libraries of the Athenxum Club, of the 
Patent Office, and of the Chemical Society, also 
the valuable private library of Mr. Huth. The 
objects they set before them in their investiga- 
tion were to ascertain if the complaints of the 
premature decay of modern bookbinding 
leathers are justified by facts, and, if so, to 
ascertain at about what date leather began 
noticeably to deteriorate; to find out, by 
noticing the conditions under which the books 
were kept, the effect of its environment on the 
durability of the leather; to decide on the 
relative suitability of various leathers for book- 
binding ; to suggest practicable methods by 
which the quality of the leather can be im- 
proved ; and to decide on the best conditions 
under which books can be kept. Part of this 
work was afterwards delegated to the second 
Sub-Committee, and indeed it was not always 
possible to keep entirely distinct the work of 
the two Sub-Committees. On some points 
they were worked together. Some slight over- 
lapping may be found in the two Reports, but 
on the whole it will be found that the origina) 
division of labour has been fairly well 
preserved. 

As regards the common belief that modern 
binding leather does decay prematurely, the 
Sub-Committee satisfied themselves that books 
bound during the last eighty or hundred years 
showed far greater evidence of deterioration 
than those of an earlicr date. Many recent 
bindings showed evidence of decay after so 
short a period as ten, or even five years. The 
Sub-Committee came to the conclusion that 
there is ample justification for the general 
complaint that modern leather is not so durable 
as that formerly used. To fix the date of the 
commencement of this deterioration was 
a difficult matter; but they came to the 
conclusion that while leather of all periods 
showed some signs of decay, the deterioration 
becomes more gencral on books bound after 
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1830, while somé leathers seem to be generally 
good until about 1860, after which date nearly 
all leathers seem to get worse. The deteriora- 
tion of calf bindings at the latter end of the 
nineteenth century may be attributed as much 
to the excessive thinness as to the poor quality 
of the material. 

With regard to the conditions under which 
books are kept, ventilation, lighting, heating, 
&c., the Committee were satisfied that in 
libraries in which there wa» no artificial light 
used, and where the ventilation was good, the 
bindings were generally in a better state than 
elsewhere. Where gas is used the bindings 
are in the worst state noticed, especially on the 
higher shelves. Books kept in much used 
rooms are generally in a bad state—though 
whether it is really due to gas or other fumes 
cannot be decided. Tobacco smoke is certainly 
injurious. Daylight, and still more direct sun- 
light, has a disintegrating effect on leather. 
Books kept in cases with closely fitting doors, 
are generally in a better condition than those 
exposed directly to the atmosphere. Where, 
however, owing to the dampness of the walls, 
or other causes, moisture obtained admission 
to such cases, the books then suffered more 
than if they were in a well-ventilated place. 

As to the suitability of various leathers, the 
Sub-Committee came to the conclusion that of 
the old leathers (15th and 16th century), white 
pigskin, probably alum tanned, is the most 
durable, but its excessive hardness and want 
of flexibility renders this leather unsuitable for 
most modern work. Old brown calf has lasted 
fairly well, but loses its flexibility, and becomes 
stiff and brittle when exposed to light and air. 
Some of the white tawed skins of the 15th and 
16th century, other than white pigskin, and 
probably deerskin, have lasted very well. 
Some 15th and 16th century sheepskin bindings 
have remained soft and flexible, but the surface 
is soft and usually much damaged by friction. 
Vellum seems to have lasted fairly well, but is 
easily influenced by atmospheric changes, and 
is much affected by light. Early specimens of 
red morocco from the 16th to the end of the 
18th century were found in good condition, 
and of all the leathers noticed, this seems to 
be the least affected by the various conditions 
to which it had been subjected. Inthe opinion 
of the Committee, most of this leather has been 
tanned with sumach or some closely allied 
tanning material. Morocco bindings earlier 
than 1860 were generally found to be in fairly 
good condition, but morocco after that date 
seems to be much less reliable, and in many 


cases has become utterly rotten. During the 
latter part of the 18th century it became custo- 
mary to pare down calf until it was as thin as 
paper. Since about 1830 hardly any really 
sound calf seems to have been used, as, whether 
thick.or thin, it appears generally to have 
perished. Sheepskin bindings of the early 
part of the century are many of them still in 
good condition. Since about 1860 sheepskin 
as sheepskin is hardly to be found. Sheep- 
skins are grained in imitation of other 
leathers, and these imitation-grained leathers 
are generally found to be in a worse condition 
than any of the other bindings, except, perhaps, 
some of the very thin calfskin. Undyed modern 
pigskin seems to last well, but some coloured 
pigskin bindings had entirely perished. 
Modern leathers dyed with the aid of sul- 
phuric acid are all to be condemned. In 
nearly every case Russia leather was found to 
have become rotten, at least in bindings of the 
last fifty years. 

On the whole, the Committee came to the 
conclusion that a pure sumach tannage will 
provide a good and durable leather, and that 
leather may be produced which will prove 
as durable as any made in the past. The 
Committee also came to the conclusion that 
the bookbinder must share with the leather 
manufacturer and librarian the blame for much 
of the premature decay of leather bindings. 
The objections which the Committee take to 
modern bindings are set out in the appendix, 
where will also be found two suggested specifi- 
cations, one for binding heavy or valuable 
books, and one for ordinary library binding. 

At the suggestion of the Sub-Committee a 
circular was sent to 119 librarians throughout 
the country, asking for information as to the 
effect of bookbindings showing deterioration, 
as to the conditions under which books were 
kept in the different libraries, and for the 
opinions of the librarian as to the class of 
leather he considered the best for bookbinding. 
A copy of the circular letter issued, a list of the 
libraries sending answers, and a tabular state- 
ment embodying the information received, will 
be found in Appendix IV. 

The work of the second Sub-Committee, 
which was composed of chemists specially 
conversant with the treatment of leather, 
was directed specially to the elucidation of 
the following points: an investigation of the 
nature of the decay of leather used for book- 
binding ; an examination of the causes which 
produced this decay ; a research into the best 
methods of preparing leather for bookbinding ; 
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and a consideration of the points required to be 
dealt with in the preservation of books. 

Taking these points in order, the first one 
dealt with is the question of the nature of the 
decay of leather. To arrive at their con- 
clusions on this subject, the Sub-Committee 
made a number of tests and analyses of 
samples of decayed leather bookbindings, as 
well as of leathers used for binding. The 
Committee found that the most prevalent 
decay was what they term a red decay, and 
this they think may be differentiated into old 
and new, the old red decay being noticeable 
up to about 1830, and the new decay since that' 
date. In the old decay, the leather becomes 
hard and brittle, the surface not being easily 
abraded by friction. The older form is 
specially noticeable in calf-bound books, 
tanned presumably with oak bark. The new 
form affects nearly all leathers, and in 
extreme cases, seems absolutely to destroy the 
fibres. Another form of deterioration, more 
noticeable in the newer books, renders the 
grain of the leather liable to peel off when ex- 
posed to the slightest friction. 
most common form of decay noted in the most 
recent leathers. In nearly all samples of 
Russia leather a very violent form of red decay 
was noticed. In many cases the leather was 
found to be absolutely rotten in all parts ex- 
posed to light and air, so that on the very 
slightest rubbing with a blunt instrument the 
leather fell into fine dust. It appears to be a 
general opinion that leather, and especially 
Russia leather, lasts better on books that are 
in constant use. This is attributed to the 
slight amount of grease absorbed by the leather 
from the hand, and it is suggested that possibly 
a suitable dressing may be discovered which 
would have a similar effect on the leather, as 
is produced by this grease. It was decided 
that experiments extending over a length of 
time would be necessary. 

The second point is the cause of the decay. 
An extensive series of experiments was carried 
out with a view of determining the causes of 
the decay of bindings. The Sub-Committee 
find that this is caused by both mechanical and 
by chemical influences. Of the latter some 
are due to mistakes of the leather manufacturer 
and the bookbinder, others to the want of 
ventilation, and to improper heating and light- 
ing of libraries. In some cases inferior 
leathers are finished (by methods in themselves 
injurious) so as to imitate the better class 
leathers, and of course where these are used 
durability cannot be expected. But in the 


This is the- 


main the injury for which the-manufacturer and 
bookbinder are responsible must be attributed 
rather to ignorance of the effect of the means 
employed to give the leather the outward 
qualities required for binding, than to the 
intentional production of an inferior article. 
Details of this part of the subject will be 
found in the report of the Sub-Committee in 
Appendix II. Here it may be sufficient to 
state that in addition to the injury to leather 
often caused by the treatment in the earlier 
stages of preparation, leathers produced by 
different tanning materials, although they 
may be equally sound and durable mechani- 
cally, vary very much in their resistance to other 
influences, such as light, heat, and gas fumes. 

For bookbinding purposes, the Sub-Com- 
mittee generally condemn the use of tanning 
materials belonging to the catechol group, 
although the leathers produced by the use of 
these materials are for many purposes excellent 
and indeed superior. The class of tanning 
materials which produce the most suitable 


‘leather for this particular purpose belong to the 


pyrogallol group, of which a well-known and 
important example is sumach. East Indian or 
“ Persian ” tanned sheep and goat skins, which 
are suitable for many purposes, and are 
now used largely for cheap bookbinding 
purposes, are considered extremely bad. 
Books bound in these materials have been 
found to show signs of decay in less than 
twelve months, and the Sub-Committee are 
inclined to believe that no book bound in these 
leathers, exposed on a shelf to sunlight or gas 
fumes, can ever be expected to last more than 
five or six years. Embossing leather under 
heavy pressure to imitate a grain has a very 
injurious effect, while the shaving of thick 
skins greatly reduces the strength of the 
leather by cutting away the tough fibres of 
the inner part of the skin. The use of mineral 
acids in brightening the colour of leather, 
and in the process of dyeing, has a serious 
effect in lessening its resistance to decay. A 
good deal yet remains to be learned about the 
relative permanency of the different dyes. 

Next to the causes of decay due to the 
original treatment of the leather come the 
conditions to which the book is exposed in 
the library. ¿To try these a very careful series 
of tests was made. Leathers were exposed 
under various conditions to gas fumes, to light 
(sunlight, gaslight, and electric light), and to 
heat. As the result of these experiments, the 
Sub-Committee consider that of the deleterious 
influences to which books are subjected, the 
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fumes of burnt gas are the most fatal. The 
results of the experiments of exposing leathers 
to light of various colours was somewhat un- 
expected. It was found that leathers of a 
different character act in very different ways— 
some are bleached or darkened very rapidly 
by the action of direct sunlight, others resist 
for a longer period. Most leathers, how- 
ever, appear to be affected, not only in colour, 
but in their actual substance. As regards 
sunlight, experiments were made by exposing 
the leathers under differently coloured glasses, 
and a simple test is proposed for the character 
of the light most suitable for libraries, as it is 
found that the action of light upon leather 1s 
quite comparable with the action of light upon 
ordinary photegraphic printing paper. Glass 
which is to be used for glazing library windows 
can therefore be tested by trying its action on 
such a material as ordinary photographic paper, 
and it is suggested that all library windows 
which are exposed to the direct rays of the 
sun ought to be glazed with glass of a slight 
yellow or olive tint, so as to exclude as 
much as possible the more chemically active 
rays. It was also found that a darkening 
action was produced by exposure to artificial 
light, though it is not quite certain how 
far the effects observed were not par- 
tially due to the radiant heat. So far as 
the Sub-Committee were able to ascertain, 
these effects were not so much due to the 
effect of oxidation as to the action of light, 
warmth, and moisture. The effect of ammonia 
fumes was very marked, and tobacco smoke 


was also found to have a similar darkening 


and deleterious effect, so much so that the 
Sub-Committee have no doubt that the 
deterioration of bindings in a library where 
smoking is carried on is partly due to this 
cause. 

On the whole, the Sub-Committee are satis- 
fied that of all the influences of which books 
are exposed in libraries, gas fumes—no doubt 
because of the sulphuric and sulphurous acid 
which they contain—are shown to be the most 
injurious, but light, and especially direct sun- 
light and hot air, are shown to possess dele- 
terious influences which had scarcely been 
suspected previously, and the importance of 
moderate temperature and thorough ventila- 
tion of libraries cannot be too much insisted on. 

The conclusions at which the Committee 
have arrived, may be summarised as follows :— 

1. They consider that the general belief that 
modern bookbinding leather is inferior to that 
formerly used, is justified, and that the leather 


now used for binding books is less durable than 
that employed fifty years ago, and at previous 
times. They believe that there ought to be no 
difficulty in providing leather at the present 
time as good as any previously made, and they 
hope that the instructions laid down in the 
report of the Sub-Committee, printed as 
Appendix II, will result in the production of 
such leather. 

2. They think that the modern methods of 
bookbinding are, to some extent, answerable 
for the lessened permanence of modern bind- 
ings. The practice of shaving down thick 
skins is a fruitful source of deterioration. They 
think that the adoption of the method of bind- 
ing recommended in the report of the Sub- 


Committee, printed as Appendix I, ought to 


result in a greater permanence of the books 
treated. 

3. They consider that the conditions under 
which books are best preserved, are now fairly 
well understood, except that the injurious 
effect of light on leather has not previously 
been appreciated. They are satisfied that gas 
fumes are the most injurious of all the influences 
to which books are subjected. They consider 
that with proper conditions of ventilation, 
temperature, and dryness, books may be pre- 
served without deterioration, for very long 
periods, on open shelves, but that there is no 
doubt that, as a general rule, tightly fitting 
glass cases conduce to their preservation. 

4. The Committee have satisfied themselves 
that it is possible to test any leather in such a 
way as to guarantee its suitability for book- 
binding. They have not come to any decision 
as to the desirability of establishing any formal 
or official standard, though they consider that 
this is a point which well deserves future con- 
sideration. 


APPENDIX I. 


REPORT OF SUB-COMMITTEE, NO. 1. 


Cyril Davenport, Dr. J. Gordon Parker, A. 
Seymour-Jones, W. J. Leighton, Douglas 
Cockerell. 


This Sub-Committee was appointed to visit 
libraries and to ascertain the comparative 
durability of the various bookbinding leathers 
used at diffcrent periods and preserved under 
different conditions. 
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THE LIBRARIES VISITED AND THE REASONS 
FOR SELECTION. 


Mr. Huth’s Library.—A private library of valu- | 
able books expensively bound and very well 
kept. Books under clear glass not against 
the wall; hot air, even temperature, good 
ventilation, translucent, or tinted glass. 

Chemical Society.—A library largely consisting 
of sets of transactions and periodicals bound 
as each year was completed, so that the ap- 
proximate date of most of the binding could 
be ascertained. The binding in this library 
is typical of that in most society and club 
libraries. 

Athenzum Club.—Open fires in some rooms ; 
gas until 1890, electric light since. 
A library distributed through rooms that 
are a great deal used for the purposes of the 
club, smoking being permitted in some. 
The binding is generally of a more expen- 
sive kind than at the Chemical Society. It 
was in this library that Faraday conducted 
his experiments on the injurious effect on 
leather bindings of the fumes of burnt gas. 

British Museum. —Library without gas where 
bindings of various dates could be compared. 

Patent Office.—A very much used library in 
which gas has been used until lately, and 
where the condition of the binding had been 
reported to be very bad. 

Oxford and Cambridge.—Libraries in com- 
paratively pure air, where no gas has been 
used, and where there are large numbers 
of books that have occupied the same places 
in the shelves for very long periods. 


In addition to these, other libraries were 
visited by various single members of the 
committee. 


The aim of the Sub-Committees was — 


I.—To ascertain if the complaints of the pre- 
mature decay of modern bookbinding 
leathers are justified by facts. 

And if so— 

II.—By comparing bindings of different times 
to ascertain at about what date the 
leather began noticeably to deteriorate 
in quality. 

III.—By noting the conditions of ventilation, 
lighting (natural and artificial), heating, 
&c., in different libraries, and compar- 
ing the states of bindings in them; to 
ascertain the effect of environment on 
the durability of the leather. 

IV.—By noting the state of various books 
bound in various leathers at about the 
same time and kept under similar con- 


ditions; to ascertain the relative suit- 
ability of the various leathers for book- 
binding. 

V.—To ascertain how far faulty construction 
is responsible for the want of durability 
of modern leather bindings. 


In addition to these the following points were 
dealt with in collaboration with Sub-Com- 
mittee No. II. The results of their enquiries 
are embodied in the report of that Sub-Com- 
mittee.* 

VI.—To ascertain the nature and special 
causes of the various kinds of deteriora- 
tion noticed. 

VII.—To suggest practicable methods by 
which the quality of the leather can 
be improved, the stability of the bind- 
ing insured, and the dangerous effects 
of light, heat, and other external inftu- 
ences in libraries minimised. 

The opinion formed by the Committee on 
these points and the reasons for forming 
it are given in order. 


I.—Jlf the complaints of the Premature 
Decay of modern Binding Leather are Justi- 


fred by facts. 

In every library visited the Committee found 
evidence of decay of bindings of all periods 
represented, but the books bound during the 
last 80 to 100 years showed far greater evidence 
of deterioration than those of an earlier date. 
Very many recent bindings examined showed 
evidence of the decay of the leather after as 
short a period as from five to ten years. 

On these grounds the Sub-Committee is of 
opinion that there is ample justification for the 
very general complaints—that modern book- 
binding leather is not as durable as that 
formerly used. 


I1.—By comparing Bindings of Different 
Times to ascertain at about what date the 
Leather began noticeably to deteriorate in 
quality. 

The Sub-Committee had considerable diffi- 
culty in fixing the date of the beginning of the 
deterioration of modern bookbinding leather. 
While leather of all periods shows some signs 
of decay, the deterioration becomes more 
general on books bound after about 1830. 

The calf bindings of the fifty years previous 
to this date show marked deterioration, but 
this seems to be as much due to the excessive 
thinness as to the poor quality of of the leather. 


"See Appendix II. 
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Some leathers seem to be generally good until 
about 1860, and after about that date nearly 
all leathers seem to get worse. 


Ill.—By noting the conditions of Ventila- 
tion, Lighting (natural and artificial), 
Heating, &'c., tn diferent Libraries, and 
comparing the state of Bindings in them; 
fo ascertain the effect of environment on the 
durability of the Leather. 


1. It was noted by the Committee that in 
libraries in which there was no ar:ificial light 
used, and where ventilation was good, the 
bindings were generally in a better state than 
elsewhere. (In some country libraries carefully 
kept the binding showed very little decay.) 

2. That in libraries where gas is, or has 
been used, the bindings are in the worst state 
noticed, especially on the higher shelves. 

3. That books kept in much used rooms are 
in a bad state. (Tobacco smoke is injurious.) 

4. That ordinary daylight has a disintegrat- 
ing effect on cerfazz leathers. Direct sun- 
light acts more rapidly, and, according to 
the almost unanimous opinion of the Com- 
mittee, affects all leathers injuriously. In 
the opinion of one member of the Com- 
mittee this is not always the case. He 
states that he has many examples of the 
colours being bleached without the leathers 
suffering, and suggests as the cause of decay 
the variations of temperature brought about by 
the direct action of the sun. 

5. That in cases where books have been 
allowed to become and remain in a very dusty 
condition, the leather had perished. 

6. That books kept on book-shelves with 
glass or other closely fitting doors are gene- 
tally in a far better condition than those ex- 
posed directly to the atmosphere. On the 
other hand, where exceptional conditions 
prevail, such as damp on the one hand or 
excessive dryness on the other, the absence of 
ventilation in well-made, close-fitting cases, 
may be a positive evil. 


IV.—By noting the state of various books 
bound in different Leathers at about the 
same time and kept under similar condt- 
tions; to ascertain the relative suitability of 
the various Leathers for Bookbinding. 


Of the old leathers (15th and 16th century) 
white pigskin, probably alum tanned, has 
proved to be by far the most durable, but 
its excessive hardness and want of flexibility 
renders this leather, as prepared at that time, 
unfit for most modern work. 


Old brown calf seems to have lasted fairly 
well, but shows a tendency to lose its flexi- 
bility and become very stiff and brittle where 
exposed to light and air. 

Old calf books (1475-1530) with wooden 
boards seem to have lasted better than others 
with boards of paper or mill-board, which 
perhaps more easily absorb damp. 

Some of the white tawed skins of the 15th 
and 16th century, other than the white pig- 
skin, and probably deerskin, have lasted very 
well. 

Some coltskin noticed, of the 15th century, 
was still in very good condition. 

Some 15th and 16th century sheepskin bind- 
ings have remained quite soft and flexible, but 
the surface is usually much damaged by fric- 
tion. 

Vellum seems to have lasted fairly well where 
not exposed for long periods to light, but it is 
so easily influenced by atmospheric changes 
as to make it rather an unsatisfactory binding 
material. It was noticed that where vellum 
binding had remained on shelves for long 
periods the side nearest the light had in some 
cases become as brittle as egg-shell. The 
side away from the light remained sound. 

From the 16th to towards the end of the 18th 
century specimens of red morocco were found 
to be in good condition. Of all the leather 
noticed, this seemed to be least changed by 
the various conditions to which it had been 
subjected. It retains its flexibility and colour 
to a remarkable extent, keeping a hard sur- 
face that was not easily damaged by friction. 
In the opinion of the Committee, most of this 
leather has been tanned with sumach or some 
closely allied tanning material. 

At the end of the 18th century and the 
beginning of the 19th, a red and straight- 
grained morocco came into general use. This 
is probably sumach tanned and dyed with 
cochineal. This leather has lasted remark- 
ably well, as has also, though apparently not 
so much used, a green straight-grained mo- 
rocco of the same nature. 

During the latter part of the 18th century 
it became customary to pare down calf for 
book-binding purposes until it was as thin 
as paper. This, as might have been expected, 
has broken at the joints in nearly every case. 
After about 1830 and until the present time, 
hardly any really sound calf seems to have 
been used, as, whether thick or thin, it has 
nearly all perished, turning red and crumbling 
to dust. Sprinkled or marbled calf books are 
in a specially bad state. 


628 


JOURNAL OF THE SOCIETY OF ARTS. 


[Fuly 5, 1901. 


eee 


The morocco bindings seem to have been 
fairly good until about 1860, but after that 
date very many have become utterly rotten, 
showing signs of red decay, or of the grain 
peeling off at the slightest friction. 

Sheepskin bindings of the early part of the 
century are many of them still in good condi- 
tion. Sheepskin, in a fairly natural state, 
seems to keep its flexibility, but it is very 
easily damaged by friction. Since about 1860 
sheepskin as sheepskin is hardly to be found. 
We have instead sheepskins grained in imita- 
tion of various other leathers, and these imita- 
tion grained leathers are, generally speaking, 
in a worse condition than any we have seen, 
excepting perhaps some of the very thin calf- 
bindings. 


Modern pigskin, if genuine, seems to have : 


lasted very well when in an undyed condition ; 
but some coloured pigskin bindings were found 
to have utterly perished. Pigskin is naturally 
a hard, rather stiff leather, and is suitable for 
large books rather than small. If submitted 
to severe softening processes in manufacture 
its durability is very small. 

Quite modern leather dyed black seems, in 
nearly all cases, to have perished, although 
old black morocco (16th, 17th, and 18th century) 
in good condition is not uncommon. 

Russia leather in nearly every case was 
found to have become utterly rotten. It was 
stated that if Russia books were very much 
handled the leather lasted well enough, but 
when left undisturbed on the shelves it rapidly 
crumbled to dust. Some Russia leather of the 
time of the early 19th century on large books, 
z.c., when not pared down too much has lasted 
perfectly, but it appears to be a different 
material from that used now, with a well 
defined grain. 

It is the opinion of the Committee, that the 
ideal bookbinding leather must have and 
retain great flexibility. It was noticed 
generally that in the case of the old bindings 
the joints had broken on account of the leather 
becoming stiff and hard, or on account of the 
bad working of the end papers and the heavy 
leverage of the boards. Bookbinding leather 
must have a firm grain surface, not easily 
damaged by friction. It was noticed that soft 
and spongy leathers became very shabby. A 
bookbinding leather should not be artificially 
grained. It was noticed that in cases of the old 
leathers that had lasted best no attempt had 
been made to remove the tan pit marks, and 
that modern leathers, with embossed or plated 
grain, were generally in a very bad condition. 


The Committee is of opinion that a pure 
sumach tannage will answer all these con- 
ditions, and that leather can and will be now 
produced that will prove to be as durable as 
any made in the past. 

It was noticed that leather bindings that 
had been coated with glair or varnish were in 
a better state than those without. 

Librarians stated that leather bindings that 
are much used last better than those that are 
left undisturbed on the shelves. 


VI.—To ascertain how far Faulty Con- 
struction is responsible for the want of 
Durability of Modern Leather Bindings. 


The investigations of the Sub-Committee 
serve to show that the bookbinder must share, 
in no small measure with the leather manu- 
facturer and librarian, the blame for the 
premature decay of leather bindings. 


\ 


The Committee noticed that :— 


1. Books are sewn on too few, and too thin 
cords, and that the slips are pared down un- 
duly (for the sake of neatness), and are not in 
all cases firmly laced into the boards. This 
renders the attachment of the boards to the 
book almost entirely dependent on the strength 
of the leather. 

2. The use of hollow backs throws all the 
strain of opening and shutting on the joints, 
and renders the back liable to come right off 
if the book is much used. 

3. The leather of the back is apt to become 
torn through the use of insufficiently strong 
headbands, which are unable to stand the 
strain of the book being taken from the shelf. 

4. It is a common practice to use far too 
thin leather; especially to use large thick 
skins very much pared down for small books. 

5. The leather is often made very wet and 
stretched a great deal in covering, with the 
result that on drying it is further strained, 
almost to breaking point, by contraction, 
leaving a very small margin of strength to meet 
the accidents of use. 

In order to avoid the constructional defects 
noticed it is suggested that some such binding 
as set forth in the first specification is suitable 
for large and heavy books. 

There is nothing new in this form of binding 
which is only a return to the methods in 
general use up to the end of the last century. 
The investigations of the Sub-Committee have 
led them to think that these methods are far 
better than those now in common use. While 
advocating such a binding for valuable or 
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heavy books, the Committee recognise that for 
the majority of books in most libraries such a 
method would be too expensive. For octavo 
and smaller books the Committee is of opinion 
that some method of binding should be 
adopted that will allow of the use of much 
thicker leather than is now common, and will 
at the same time allow the book to open freely 
and be generally strong, and not be more 
expensive than the form of binding now in 
general use. To meet these requirements the 
Committee have had the second specification 
and two sample bindings prepared shewing 
the proposed method of construction. The 
points of advantage claimed by such a binding 
for library use are :— 
(1.) It need not be expensive. 
(2.) The construction is sound throughout. 
(3-) A book so bound should open well. 
(4.) Much thicker leather than usual could 
be used. In the absence of raised 
bands there is no reason for the 
undue stretching of the leather in 
covering. 
(5-) The backs of the sections are not 
injured by saw cuts. 


SPECIFICATION FOR BINDING HEAVY OR 
VALUABLE BOOKS. 


Sheets and Plates.—All sheets broken at 
the back to be made sound with guards. Any 
single leaves or plates to be guarded round 
adjoining sections. Folded plates to be guarded 
with linen at folds. No pasting-on to be 
allowed. 

End Papers.—End papers not to be pasted 
on or overcast, but to be made with stout linen 
joint and sewn on as a section. Some system 
of folding or zigzaging which allows a little 
play without danger of breaking away is advo- 
cated. End papers to be made of good paper. 

Sewing.—Sewing to be flexible, round the 
bands and all along the section. Thread to 
be unbleached linen, and bands to be of stout 
hempen cord and at least five in number. 

Boards.—To be of best black millboard. The 
edge of the millboard in the joint to be slightly 
rounded, instead of perfectly sharp as at 
present. The sharp edge sometimes cuts the 
leather. 

Lacing in Sltps.—All five slips to be laced 
into each board and not reduced unduly. It 
would be better to sink places in the board to 
receive the slips than to weaken them by 
injudicious fraying out. 

Cuttzng.—This will depend on the librarian’s 
orders. 


Headbands.—Headbands to be worked on 
stout cord, vellum, or catgut, with very fre- 
quent tie-downs, and to be firmly set with 
stout brown paper, linen or leather. 

Lining up.—lIf it is necessary to line up the 
back it is best done with leather or linen, 
leather for preference. 

Covering.—Leather not to be unduly pared 
down and not made very wet before covering. 
Care to be taken not to stretch the leather 
more than necessary. No hollow backs to be 
used, but the leather to be attached to the back. 

Leather .—See report of Sub-Committee. 

Handies for Pulling Out of Shelf.—In the 
case of very large books that are likely to be 
much used, it is advisable to have a strap of 
leather going loosely across the back and 
each end fastened to a board of the book. The 
Sub-Committee saw some such arrangement at 
one or two of the libraries visited, and it seemed 
that a great saving of the binding resulted 
from the use. 

Nofe.—That manuscripts on vellum, or 
books of special value will, of course, require 
special bindings designed to meet the special 
conditions. 


SUGGESTED SPECIFICATION FOR ORDINARY 
LIBRARY BINDING. 


Sheets and Plates.— All sheets broken at 
the back to be made sound with guards, any 
single leaves or plates to be guarded round 
adjoining sections. Folded plates to be 
guarded with linen at folds. No pasting-on 
to be allowed. 

End Papers.—To be of good paper sewn on. 
No pasting-on or overcasting to be allowed. 

Sewing.—To be sewn on not less than 
four unbleached linen tapes, with unbleached 
linen thread of suitable thickness. Books to 
be glued up and backed in the ordinary way, 
or left square. 

Boards.—To be made ‘‘split boards ” like 
those the vellum binders use. Straw board 
lined with a thin black board liner. 

Cutting or Treatment of Edges.—To de- 
pend on orders. 

Attaching Slips.—Slips to be pasted on 
to waste end papers which should be cut off 
about two inches from the back and inserted 
with slips in the centre of split board. The 
board to be left about 1-8th inch from the 
back of the book to form a French joint. 

Head-binding.—Headbands to be worked 
on round cord or gut with frequent tie-downs, 
so as to be able to bear the strain of the books 
being taken from the shelf, or in cases where the 
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expenses of a worked headband is thought to be 
too great, a piece of string may be inserted 
into the fold of the leather at the head or tail. 

Covering.—Leather zo¢ to be unduly pared 
down. The French joint should make it 
possible to use far thicker leather than is 
usual. As there are no raised bands on the 
back the leather need not be unduly stretched 
in covering. For small books leather from 
comparatively small skins that will need but 
little paring should be selected. 

[Samples of books bound in accordance 
with this last specification were prepared for 
the inspection of the Committee, and received 
their approval. | 


APPENDIX II. 


REPORT OF SUB-COMMITTEE No. II. 
(Scientific.) 


Dr. J. Gordon Parker. Prof. Procter. 
A. Seymour-Jones. 


In presenting this Report, we may state that 
its recommendations are based not only on 
considerable practical experience, but on a very 
large amount of careful experimental work, 
carried out for the purposes of this enquiry. 
For this purpose a chemical examination was 
made of a number of samples of perished 
leather bindings, and an experimental investi- 
gation was also made, both on rough and 
finished skins, supplied by manufacturers, and 
on those tanned and finished under our 
own supervision for the special purpose of tne 
enquiry. 

This Report is arranged under the following 
main heads :— 

1. Nature of the Decay. 

2. Preparation of Leathers suitable for 
Binding. 

3. Bookbinding. 

4. Preservation of Books. 

5. General Conclusions. 


1. NATURE OF THE DECAY. 


The most prevalent decay noticed is what 
we will call the red decay. This, for conve- 
nience we will divide up into two periods—old 
and new, the old red decay being noticeable 
up to somewhere about 1830, and the new 
decay, possibly slightly different in character, 
since that time. The character of the old red 
decay is of a darkening of the fibres of the 
leather, that while leaving the surface fairly 
hard—not easily abraded by friction—renders 
the leather hard and brittle throughout. The 


fibres of such leather are found on examina- 
tion with the microscope to be in a natural 
position, although much weakened. 

This form of decay is specially noticeable in 
books bound in calf that has presumably veen 
tanned with oak bark. 

The new red decay affects nearly all leathers 
and, in extreme cases, seems absolutely to 
destroy the fibres. 

Another form of deterioration, though not 
nearly so universal, renders the grain of the 
leather liable to peel off when exposed to the 
slightest friction. This is sometimes notice- 
able in the old period, generally without red 
decay, in the case of sheepskin and accom- 
panying red decay in the case of calf. In 
modern leathers, since about 1830, the peel- 
ing of the grain is more common, and in quite 
modern leathers, subsequent to about 1860, 
it is one of the commonest forms of decay 
noted, especially in the case of grained 
morocco and skeepskin. It was also noticed 
in coloured and grained pigskins; although 
in this case the texture of the leather was 
so weakened by its treatment in the tannery 
that the Committee had great difficulty in 
believing that it was genuine and not merely 
a sheepskin imitation, until it was submitted 
to careful microscopic examination. 

In nearly all samples of Russia leather 
examined, a very violent form of red decay, 
possibly peculiar to this leather, was noticed. 
This leather, in most of the cases examined, 
was found to be absolutely rotten in all parts 
exposed to light and air; so that on the very 
slightest rubbing with a blunt instrument, 
the leather fell into fine dust. 

In many cases, and especially in the case 
of Russia leather, it was reported by librarians 
that leather on books that were in constant 
use lasted very much better than that on those 
that rarely left the shelves. An exception to 
this was noted in the case of the Patent Office 
Library where nearly all the books, though very 
much handled, were, as to leather, in a very 
bad state. But this may possibly be partly 
accounted for by the fact that until about 
three years ago the books were kept in ill- 
ventilated rooms that were much used, and 
where very large quantities of gas were burned. 


2. PREPARATION OF LEATHERS SUITABLE 
FOR BINDING. 

Without entering into full detail of the 
experiments which were carried out, we may 
say that we have arrived at the following 
conclusions :— 
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Raw SKINS. 


We are of opinion that no special skin can ° 


be condemned in its original condition, although 
goat, seal, pig, and calf are probably superior 
in strength of texture to sheep. Sheepskins 
are, however, equally resistant to chemical 
agencies, and being naturally soft and flexible, 
are extremely suitable for use for purposes where 
they are not much exposed to mechanical wear. 


CURE. 

Fresh market skins, dry skins, or wet salted 
skins are much to be preferred to those known 
as ‘‘drysalted,’’ since the crystallisation of 
the salt which takes place in the dry-salting 
process, tends to weaken the structural fibre of 
the pelt. No tainted or putrified skins, even if 
only slightly affected, are suitable for the manu- 
facture of bookbinding leather, both. for the 
same reason, and because the weakness of 
grain so produced leads to uneven dyeing. 


SOAKING. 

In the soaking of skins we would strongly 
condemn the use of old putrid soaks, or the 
addition of salt to the soaks to assist in the 
softening, as both methods weaken the skin. 
We would recommend, in preference, a plenti- 
ful change of fresh water, and in the case of 
obstinately hard skins the addition of sulphide 
of sodium to the extent of two parts per 
thousand to the soak water. Violent mechani- 
cal treatment such as ‘‘ stocking ” is injurious, 
but moderate drumming with cold or tepid 
water may be permitted. 


LIMING. 

The liming should be done in mellow, weak 
limes. Old limes smelling strongly of ammonia, 
and containing large quantities of bacterio- 
logical products, must be avoided. The 
addition of small quantities of sodium sulphide 
or arsenic sulphide to the limes is often 
advantageous, and shortens the time required. 

Special care should be taken with regard to 
the beam-house work after unhairing and 
fleshing, as by excessive or unsound puering 
and drenching of the skins, their whole natural 
strength is frequently destroyed. We have 
examined many samples of leather, both on 
and off books of recent manufacture, of which 
the decay has been due to improper beam- 
house work. Great damage is frequently 
caused by the use of foul puers or foul bates, 
in which putrefaction has taken place. 

Attention may be drawn to a bacterial sub- 
stitute for the uncertain dung bate which has 
recently been put on the market, under the 
name of Erodine, and which has for some 
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considerable time been used with great 
success in several works at home and 
abroad. After experimenting somewhat exten- 
sively with this substance, we are strongly 
of the opinion that this process of puering is 
very much safer, and is to be recommended in 
preference to the old method, than which it is 
not more expensive. In principle it consists 
of a suitable nutriment for a pure culture of 
bating bacteria, which is supplied with it. 


TANNING. 

The vegetable tanning materials now used 
ın the production of leather are very varied, 
and probably their active principles, the tannins, 
form a considerable class. Though their 
chemical constitution is still only partially 
understood, it is known that they may be 
divided into two groups, one of which contains 
the dihydric phenol ca/fechko/, and the other 
the trihydric phenol, Ayrogallol, and these 
groups are characterised by very consider- 
able practical differences. The catechol 
tannins, which include quebracho, gam- 
bier, larch, hemlock, mimosa, and _ turwar 
(Cassia auriculata) barks, part readily with — 
water when exposed to the action of light, 
heat, and acids, becoming converted into red 
resin-like products. We have found that 
leathers tanned with these materials, although 
originally strong and tough, are particularly 
prone to a sort of red decay, which is much 
hastened by the presence of acids and the 
action of light, heat, and gas-fumes, and 
which totally destroys the tenacity of the 
After a very large number of ex- 
periments, we most unhesitatingly condemn 
all these catechol tannages for bookbinding 
and upholstery, however suitable they may be 
for other purposes. 

This brings us to the consideration of the 
many thousands of skins which come over from 
India tanned with turwar bark. These are 
bought on the London markets by the leather 
dressers, and are usually detannised by scour- 
ing, or drumming in an alkaline solution, next 
treated with sulphuric acid to brighten their 
colour, and retanned in sumach, after which 
they are finished, and are usually sold 
under the name of ‘‘ Persian moroccos’”’ or 
‘‘Persian sheep.’ For cheap bookbinding 
purposes this leather has been used most ex- 
tensively, and in all our numerous investigations 
no leather has proved so inferior in resistance 
to decay as the re-tanned Persian. A book 
bound in Persian morocco or in Persian sheep 
shows signs of decay in less than twelve 
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months, and from our experiments we are in- 
clined to believe that no book bound in these 
leathers, and exposed in a library on shelves, 
where it could be affected either by the sun’s 
rays, or by gas fumes, could ever be expected 
to last for more than five to seven years. 
The leather, as imported, will redden 
perceptibly with a single day’s exposure to 
sunshine! In visiting numerous libraries, we 
found that more than half the modern bound 
books which were in a bad state of decay had 
been bound in Persian or East India-tanned 
goat and sheep. We cannot emphasise our 
opinion too strongly on this subject. We 
should unhesitatingly advise that in all con- 
tracts and specifications for bookbinding, the 
use of East India-tanned goat and sheep, 
whether re-tanned or not, be absolutely for- 
bidden. Similar objections apply with almost 
equal force to the use of mimosa, hemlock, or 
larch, or of quebracho wood or extract, as 
tannages for bookbinding leathers. Gambier 
is also objectionable, while oak-bark, valonia, 
and oakwood extract, which probably contain 
tannins of both groups, have proved tolerably 
permanent. 

The pyrogallol class of tanning matters 
which comprises gallnuts, sumach, myrobalans, 
and pomegranate rind, has proved to yield 
leathers much more resistant to decay under 
library conditions than the catechol tannins, 
and of all these pure sumach is the tannage 
we would most strongly recommend for high- 
class bookbinding. We have tested leathers 
tanned with every common tanning material 
as regards resistance to the action of light, 
heat, gas fumes and oxidising agents, and 
none has stood the test so well as pure sumach 
tannage. It is almost certain that all the 
early Italian moroccos which have shewn such 
remarkable permanence are of sumach tannage, 
and the Niger goat skins are either tanned 
with sumach or some closely allied substance. 
The sumach which is imported into this country 
is very frequently mixed with cheaper materials 
such as ‘‘tamarix’’ and ‘‘ pistacia.” When 
one or both of these materials are present in 
the sumach, the effect makes itself apparent 
on the finished material by reducing its length 
of life, as both these adulterants belong to the 
class of catechol tannins, which we have un- 
hesitatingly condemned. 

It must be clearly understood that our con- 
demnation of the catechol tannins refers only 
to leathers expected to withstand the action of 
light and air for long periods, and protected 
from weather. In resistance to wet and 


mechanical wear, many catechol tannins are 
superior to sumach. 

The tannage of bookbinding leathers must 
be a mellow one, and must not be carried too 
far, as we have found in many cases the cause 
of decay in tanned leather has been the fact 
that the leather was overloaded with tannin. 
Tanning has throughout a hardening effect on 
the leather fibre, which, if pushed too far, 
ends in brittleness and loss of tenacity. We 
have tested many samples of old leather which 
are still in a good state of preservation, and 
find that in each case the percentage of tan- 
ning matters present is smaller than the amount 
which is generally found in most modern 
leathers. The use of acids, and especially 
of mineral acids, to assist in producing fullness 
or plumpness in the skins in the tanning pro- 
cess must be absolutely avoided. 

After tanning, the goods should be washed 
up by merely drawing through clean water to 
remove any adhering tan liquor, and then laid 
in pile to drain into semi-dry condition. After 
oiling on the grain side, they may be dried out, 
after which process they should on no account 
receive any more tanning in any subsequent 
operation. Any additional mellowing effect 
required should be attained when dried after 
dyeing, either by suitable application of a non- 
acid oil or fat-liquor, or by softening on a table 
by means of the slicker or boarding. 


FINISHING. 


Shaving, if done at all, should only be to a 
limited extent, since, however it may be carried 
out, it necessarily weakens the skin by removing 
its toughest parts, and, therefore, for small 
books, thin skins should be chosen, so as to 
avoid the necessity of paring down, while for 
larger ones a larger and stouter skin may be 
used. Librarians and bookbinders must realize 
that they cannot have a large, thin skin which 
will last, since the thin substance can only be 
secured by shaving (or splitting, which is still 
more weakening). If this rule is followed, then 
the shaving is reduced to simply ‘‘necking’’ and 
“ backing,” to equalise the thickness of differ- 
ent parts, and to remove loose adhering flesh. 

We do not approve of the method of drying 
skins tacked out tightly on boards, as the 
object should be to retain the fibres in their 
naturally felted and sinuous condition. Ifthe 
skins are shaved, they are stretched out in the 
operation, and the fibres get laid flat and 
straight, and this condition is subsequently 
increased in the wet-setting out, and finally 
permanently fixed by drying tacked out on the 
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board. This horizontal position does not 


admit of any play or elasticity in the fibres, - 


which is especially necessary in that part of 
the book which forms the hinge between the 
back and the side. Again, if the fibres are 
retained unstretched, they form a sort of elastic 
cushion, and wear only on the surface, and as 
the surface layer contributes little to the 
strength of the leather, the injury even after 
many years is inappreciable. If the fibres 
are in a state of strain, they present a hori- 
zontal surface to the back and sides of the 
book, and the wear comes upon the side of the 
fibres which give way and break successively. 
These statements arc supported by the fact 
that much of the leather which is at present in 
good condition on old books was manufactured 
before the introduction either of the slicking, 
shaving, or setting-out tools, and microscopic 
examination of this leather reveals the fact that 
its fibres are in a much more erect condition 
than those in modern leather. In further con- 
firmation, several skins were tanned, and 
portions of each were finished differently, 
and it was found that those which had not 
been severely stretched had greater strength, 
greater pliability and durability than the 
leather from the same skin which had 
been tightly set out, shaved, and dried 
in the strained condition, as is common 
in modern leather manufacture. For simi- 
lar reasons the embossing of leathers by 
heavy pressure under plates and rollers must 
be condemned for all good work, not only as 
artistically a sham, but as actually injuring 
the texture of the leather. Where a grained 
or ‘‘ pebbled ’’ surface is required it should be 
that natural to the skin employed, and merely 
developed by the process of ‘‘ boarding.” 


DYEING AND FINISHING. 


We cannot condemn any special group of 
dye-stuffs, but manufacturers must select those 
which are fastest to light and air, and which 
can be applied without the use of strong acids 
or dangerous mordants. Many of the coal tar 
colours answer this test, as do some of the wood 
dyes. But, on the other hand, very many 
colours, both natural and artificial, are abso- 
lutely fleeting to even short exposure to light, 
and others can only be applied by the use of 
methods injurious to the leather. It is desir- 
able that a supplementary report should be 
made on the selection of dyes. 

We must absolutely condemn the use of any 
but mild vegetable acids in souring or scouring 
the leather, or in the dye bath, and as far as pos- 


sible would avoid the use both acids and alkalis 
on tanned leather, both being equally injurious.. 

It has been shown by careful experiment, 
that even a minute quantity of sulphuric acid 
used in the dye bath to liberate the colour, is 
at once absorbed by the leather, and that no 
amount of subsequent washing will remove it. 
In avery large proportion of cases the decay 
of modern sumach-tanned leather has been 
due to the sulphuric acid used in the dye bath, 
and retained in the skin. We have examined 
very many samples of leather manufactured 
and sold specially for bookbinding purposes, 
from different factories, bought from different — 
dealers, or kindly supplied by bookbinders and 
by librarians, and have found them to contain, 
in a large number of cases, free sulphuric acid, 
from 05 up to 1°6 per cent. 

We have also manufactured leathers with 
and without the use of acid, and have exposed 
these leathers to different tests side by side. 
In each case the sample treated with acid has 
decayed within a very short time. 

Metallic salts of mineral acids should as a 
rule be avoided as mordants, and the use 
of bichromate of potash, or sulphate of ‘iron for 
dulling colours must for similar reasons be 
absolutely condemned. Iron salts are always 
injurious to leather, but if used at all, those of 
weak organic acids (acetates, lactates, &c.) 
are least objectionable. Some of the old blacks 
produced with iron dissolved in sour beer, cider, 
or vinegar have lasted well, but iron-logwood 
blacks are never permanent. Several aniline 
blacks are fairly fast and do not injure leather. 

The skins on leaving the dye bath should be 
well rinsed to free them from excess of dye, and 
then finished. If mineral acids must be used 
in clearing or dyeing, the addition of a little 
acetate, lactate, tartrate or citrate of soda or 
potash to the washing water lessens the risk of 
future decay. We make no special recommenda- 
tions in finishing, except that a tight setting out 
of the fibres must in all cases be avoided. The 
staking, perching and graining may be carried 
out, as is usual. We should, however, advise 
that the glazing of skins by friction in a damp 
“ seasoned ’’ condition should be avoided. 

Simple seasonings containing either blood 
or egg albumen, Iceland moss, or other 
similar mucilages, may be used, but no strong 
acids or alkalies must ever enter into their 
composition. The use of nitric acid as a pre- 
paration for glazing is absolutely destructive. 

When glazed and re-grained, the skins may 
be lightly oiled over with an oil free from acid, 
and are then ready for the bookbinders’ uses. 
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3. BOOKBINDING. 


We leave the mechanical art of bookbinding 
to other members of the Committee, but there 
are several chemical points which we must 
touch upon. The use of oxalic acid for wash- 
ing backs of books, or of leather for bookbind- 
ing, is fatal to their durability. Vinegar, even 
in its pure state, is injurious, but many book- 
binders use a very crude wood-vinegar, con- 
taining tarry products, which make its use 
still more detrimental to the leather. The 
presence of sulphuric acid in the vinegar used 
should be guarded against. 

The sprinkling of leather, with ferrous 
sulphate (green vitriol), either for the production 
of “sprinkled” calf or ‘‘tree’’ calf, must 
be most strongly condemned, as the iron 
combines with and destroys the tan in the 
deather, and free sulphuric acid is liberated 
which is still more destructive. Iron acetate 
or lactate is somewhat less objectionable, but 
probably the same effects may be obtained 
with aniline colours without risk to the leather. 

The egg-glaires used by bookbinders cer- 
tainly tend to preserve the leather from external 
atmospheric influences. It is, however, a 
debatable question whether the glaire does not 
interfere with the pliability of the leather at 
the joints, and at the portion of the leather 
which bends when the book is opened. This 
also applies to the use of resinous varnishes 
as preservatives. 

We have examined samples of the pastes 
which are used by bookbinders, and have not 
found anything which would be likely to be 
detrimental to the skins; but it is important 
that the paste should be used in a fresh con- 
dition, otherwise it is liable to undergo an acid 
fermentation, and to favour the growth of 
injurious moulds and bacteria. 

The stretching of leather tightly over books in 
a wet condition has the same bad effects as dry- 
ing nailed on boards, but in an almost greater 
degree, and should be strongly condemned. 


4.—PRESERVATION OF BOOKS. 


Much light has been thrown on the influence 
of various outside conditions existing in libraries 
on the durability of leather, by a series of very 
careful experiments made by the Committee. 
These experiments prove conclusively that the 
acid fumes of burnt gas are the most fatal of all 
the influences to which bindings are ordinarily 
exposed, producing what has been described 
as ‘‘red decay,’’ on every sort of leather to 
which they have had access, the effect being 
most marked on the East India tannages, and 


other leathers made with tannins of the 
catechol class; and least so upon these with 
sumach, and other tannins such as myroba- 
lans, which are known to be pyrogallol 
derivatives, while oak-bark occupies an inter- 
mediate position, both practically and chemi- 
cally. It was shown that 30 days’ exposure 
to the fumes of a very small gas jet rendered 
East India leather (tanned with turwar bark) 
perfectly rotten, so that the surface could 
be scraped off with the finger nail, while on 
leather tanned with sumach it had com- 
paratively little effect. Similar experiments 
were made with exposure to sunlight during 
30 days of the past summer, and in this case 
again, the leathers were affected in the same 
order ; turwar, quebracho, larch bark, and gam- 
bier being among the worst ; and sumach and 
myrobalans the least affected, while oak-bark 
as before occupied an intermediate place, being 
somewhat darkened but comparatively little 
tendered. It was found that serious effects, 
very similar to those of light, were produced by 
exposure during 30 days to air at a tempera- 
ture not exceeding 110° to 120° Fahr., dry air 
being apparently slightly the most deleterious. , 

Some attempts have been made to determine 
the effect of light transmitted through glasses 
of different colours, and they point to the fact 
that blue and violet glass pass light of nearly 
as deleterious quality as white glass; while 
leathers under red, green, and yellow glasses | 
were almost completely protected. These 
statements are true not only of East Indian 
tanned skins but of those tanned with sumach, 
but the latter were much less affected, even by 
the blue, white, and violet light, again demon- 
strating the greater power of resistance of 
sumach tannage. There can be no doubt that 
the use of pale yellow or olive-green glass in 
library windows exposed to direct sunlight is 
desirable. A large number of experiments 
have been made on the tinted ‘‘ cathedral’’ 
glasses of Messrs. Pilkington Bros., Limited, 
with the result that Nos. 812 and 712 afforded 
almost complete protection during two months’ 
exposure to sunlight, while Nos. 704 and 
804 may be recommended where only very 
pale shades are permissible. The glasses 
employed were subjected to careful spectro- 
scopic examination, and to colour-measure- 
ment by the tintometer, but neither were 
found to give precise indications as to the 
protective power of the glasses, which is no 
doubt due to the absorption of the violet, and 
especially of the invisible ultra-violet rays. 
An easy method of comparing glasses is to 
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expose under them to sunlight the ordinary 
sensitised albumenised photographic paper. 
Those glasses under which this is least 
darkened are also most protective to leather. 
Experiments made by exposure to artificial 
lıght from both ordinary and incandescent gas 
burners and from incandescent electric lamp 
during 30 days show marked darkening, but it 
may be questioned whether the effects observed 
were not partially due to the radiant heat, 
and further investigations are in progress. 


Attempts made to decide whether the darkening 


effects observed were due to oxidation, by 
exposing samples to oxygen, air, and carbon 
di-oxide, and in a good but not perfect vacuum, 
proved inconclusive, light, warmth, and moisture 
having apparently more influence than oxygen. 

The effect of ammonia vapour, and tobacco 
fumes, of which ammonia is one of the active 
ingredients, were also examined. The effect 
of ammonia fumes was very marked, darken- 
ing every description of leather, and it is known 
that in extreme cases it causes a rapid form 
of decay. Tobacco smoke had a very similar 
darkening and deleterious effect (least marked 
in the case of sumach tanned leathers) and 
there can be no doubt that the deterioration 
of bindings in a library where smoking was 
permitted and the rooms much used, must 
have been partly due to this cause. 

Tests were made with the Niger red goat- 
skin now so largely used for high-class book- 
binding, by exposure to light, air, gas fumes, 
and dry heat, by none of which it seems to 
be much affected, and the opinion of the book- 
binders is confirmed, that it is one of the most 
durable tannages. Itis probably tanned with 
sumach or some closely allied material. The 
nature of the dye has not been definitely 
ascertained. 


5.—SUBSTITUTES FOR LEATHER IN BOOK- 
BINDING. 

We have examined several materials pro- 
posed as substitutes for leather for book-bind- 
ing. We find that they are not so durable as 
properly prepared leather, but last longer than 
‘ Persians ” or improperly prepared leather. 


6.—GENERAL CONCLUSION. 

To sum up the experimental work as far as 
it has gone :— 

1. It is shown conclusively that the catechol 
tannins, which include turwar, quebracho, hem- 
lock, and larch barks, and gambler, are un- 
suitable for bookbinding leathers where dura- 
bility is expected, and that sumach yields a 
much more permanent leather, while myro- 


balans occupy an intermediate place, but 
nearly approaching sumach. It is unfortunate 
that cassza bark, which is the tanning material 
employed for East Indian sheep and goatskins, 
should have proved so unreliable, since these 
leathers have been largely used in bookbind- 
ing without suspicion, and arc in other respects 
a cheap and good article. With regard to 
sumach leathers themselves, it is possible that 
some of the darkening noticed may be due to 
the presence of adulterants, such as pistacia 
leaves, in the sumach used, as it is almost im- 
practicable to obtain absolutely pure sumach, 
and the pistacia tannin is allied to that of the 
Cassia. 

2. Of all the influences to which books are 
exposed in libraries, gas fumes—no doubt 
because of the sulphuric and sulphurous acid 
which they contain—are shown to be the most 
injurious, but light, and especially direct sun- 
light and hot air, are shown to possess dele- 
terious influences which had scarcely been 
suspected previously, and the importance of 
moderate temperature and thorough ventila- 
tion of libraries cannot be too much insisted on. 


The Sub-Committee reserve their report on the 
durability of colours applicable to the dyeing 
of leather, very few of which are entirely un- 
affected by light and air. Experience has 
shown that books which are handled frequently 
are preserved by the slight amount of grease 
which they receive, and the Committee hope, 
in a subsequent report, to be able to suggest 
a suitable dressing to be applied for this pur- 
pose. The suitability of such a material can 
only be decided by experiments extending over 
some months. 


APPENDIX III. 


TO OWNERS AND KEEPERS OF 
LIBRARIES. 


By the Chairman of the Committee. 


HINTS 


The following suggestions may, perhaps, be 
found useful, especially to the owners of pri- 
vate libraries. There is no novelty in them, 
but the rules inculcated are too commonly 
neglected, and much injury to books thereby 
caused :— 

1. Rooms in which books are kept should not 
be subject to extremes, whether of heat or cold, 
of moisture or dryness. It may be said that 
the better adapted a room is for human occu- 
pation, the better for the books it contains. 
Damp is, of course, most mischievous, but 
over-dryness induced by heated air, especially 
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when the pipes are in close proximity to the 
book-cases, is also very injurious. The bad 
effect of the fumes of burnt gas and tobacco 
has been dwelt upon in the Report. Good 
ventilation is a palliative of these evils; glass 
. cases also, as has been pointed out, are a 
valuable protection to books, but they are 
expensive, and books stored in them lose 
much of their decorative effect, and are not 
very accessible. 

2. Dust should not be allowed to accumulate 
on books or in book-cases, for hygienic 
reasons. But dust, especially in conjunction 
with damp, is injurious also to books, and 
should be frequently removed. Besides this 
indispensable precaution, books should be 
taken down from the shelves at Icast once a 
year, opened, and left for some hours before 
being replaced. The mischief done in private 
libraries by careless housemaids employed on 
this work as a part of the ‘‘spring cleaning ’’ 
is incalculable. The books are ruthlessly 
pulled out by the top edges of their backs, 
violently slammed to expel therdust, frequently 
dropped, and invariably misplaced on their 
return to the shelves. In small and valuable 
libraries the work is best done, and no doubt 
often is done, by the owner. In large libraries 
an intelligent man with some respect for books 
should be specially employed. Dust may to a 
considerable extent be kept out by leather 
vallances. i 

3. It is important that a just medium should 
be observed between the close and loose dis- 
position of books in the shelves. Tight pack- 
ing causes the pulling off of the tops of book- 
backs, injurious friction between their sides, 
and undue pressure, which tends to force off 
their backs. But books should not stand 
loosely on the shelves. They require support 
and moderate lateral pressure, otherwise the 
leaves are apt to open and admit dust, damp 
and mildew. The weight of the leaves also in 
good-sized volumes loosely placed will often be 
found to be resting on the shelf, making the 
backs concave, and spoiling the shape and 
cohesion of the books. 

In libraries where classification is attempted 
there must be a certain number of partially 
filled shelves. The books in these should be 
kept in place by some such device as that in 
use in the British Museum, namely, a simple 
flat angle piece of galvanised iron, in the lower 
flange of which the end books rest, keeping it 
down, the upright flange keeping the books 
close, and preventing them from spreading. 

4. Great care should be exercised when 
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book-cases are painted or varnished that the 
surface should be left hard, smooth, and dry. 
Bindings, especially those of delicate texture, 
may be irreparably rubbed if brought in con- 
tact with rough or coarsely painted surfaces, 
while the paint itself, years after its original 
application, is liable to come off upon the 
books, leaving indelible marks. In such 
cases pasteboard guards against the ends of 
the shelves are the only remedy. 

5. Persons who care for the appearance of 
their books should take particular note of the 
condition of their backs and joints. When 
the joints begin to crack, early treatment is 
the cheapest and the most efficacious. The 
main object of all such repairs should be the | 
conservation of the back, as far as possible, 
in its original state. If it issound, nothing but 
skilful patching or re-jointing is needed. But 
when a back has become structurally unsound, 
or the surface leather shows signs of decay, it 
is too commonly the practice to sacrifice the 
old back and entirely re-back the volume, often 
to the great detriment of its appearance and 
value. This, of course, in many cases cannot 
be avoided, but it is often quite possible to 
remove the surface leather, re-back the book, 
and paste on again the old leather, which, 
unless it is too far gone, will last many years. 

Books, especially those in old calf bindings, 
in many ways benefit greatly by the applica- 
tion to them of some polish. The surface of 
the leather so treated takes a fine polish very 
pleasing to the eye and touch; friction is 
greatly diminished, and the books, even if 
closely packed, can be taken out with com- 
parative ease. The main object of the treat- 
ment should, however, be the preservation of 
the leather, and there is reason to believe that 
with some preparations this is not effected, and 
that the leather is made dry and brittle. It is 
hoped that the experts upon our Sub-Committee 
may be able in their next report to recommend 
a dressing which will meet all requirements. 

COBHAM. 


APPENDIX IV. 
CIRCULAR TO LIBRARIANS AND REPLIES. 


The following circular letter was sent to 
Librarians :— 
September, 1900. 
DEAR SIR, 

In consequence of the widespread 
feeling of dissatisfaction among those inte- 
rested in the care of books respecting the 
perishable nature of certain leather used for 
bookbinding, the Council of the Society of 
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Arts were moved to institute an investigation 
into the character of the evil, and the best 
means of remedying it. An influential Com- 
mittee has been appointed to consider the 
whole question and report to the Council. 

Two Sub-Committees are also at work. One 
has undertaken to visit libraries, and to collect 
evidence as to the perishing of modern leather 
as compared with that formerly used; and 
another Committee has undertaken to report 
on the manufacture of leather, to investigate 
the causes of its decay, and, if possible, to 
suggest remedies. 

The Committee, recognising the importance 
to Librarians of the preservation of books com- 
mitted to their care, have drawn up a few 
questions for submission to those specially 
interested in the subject, and they hope you 
will give them the benefit of your opinions 
on the annexed form. 

They will also feel much obliged if you will 
favour them with any further information which 
you think may assist the Committee, or with 
any suggestions which your experience may 
lead you to make. 

Yours faithfully, 
HENRY TRUEMAN WOOD, 
Secretary. 


Thirty-nine replies have been received to the 
following questions :— 


I.—(a) Do any of your leather bookbindings 
show marked deterioration; and, if so, 
(5) What is, in your opinion, the cause ? 
(a) Thirty-one replied yes ; two replied 
no; four were undecided; (4) twenty- 
one gas; six bad leather. 


I1.—What class of leather do you consider 
the best for bookbinding ? 


Morocco and pigskin recommended by 
almost all; cloth by six; calf by three ; 
Russia by one; vellum by three; bark- 
tanned leather by one; sealskin by one 
(a member of the Committee); Persian 
recommended by one and condemned 
by one. 


IHI.—What are the conditions of your library 
as to lighting, heating, and ventilation ? 


Twenty-eight now use electric light 
where gas was formerly used; hot 
water and open fires generally used; 
ventilation good in twenty cases. 


IV.—Have any regular means been taken to 
prevent your leather bindings from decay- 
ing, by the use of some preservative ap- 
plication ? 
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Twenty-five have not used regular 
means; four used vaseline; two used 
cuirine ; one (a member of the Com- 
mittee) used furniture polish. 


If you can assist the Committee by giving 
any further information, or by sending any 
small samples of decayed leather (with ap- 
proximate date of binding) it will b2 esteemed 
a favour. 


The two libraries reporting no serious decay 
of leather use no artificial light and report the 
ventilation as being good. 


LIST OF LIBRARIES SENDING ANSWERS TO 
THE ABOVE QUESTIONS. 


Arbroath—Public Library. 
Ashton Manor—Public Library. 
Birmingham—Central Free Library. 

P (Margaret-street)—Library. 
Bolton—Public Library. 
Bradford—Public Free Library. 
Blackburn—Free Library. 
Brighton—Public Library. 
Bristol—City Library. 

5 Museum Reference Library. 
Cambridge—Trinity College Library. 

a Free Library. 
Dublin—National Library of Ireland. 

P Trinity College Library. 
Glasgow—The Mitchell Library. 
Liverpool—Public Library. 

London—British Museum Library. 

m (South Kensington)—Board of Edu- 

cation Library. 

„ (South Kensington )— National Art 

Library. 

- India Office Library. 

af Incorporated Law Society Library. 

T Museum of PracticalGeology Library. 

T Patent Office Library. 

5 Royal College of Surgeons’ Library. 

-a RoyalGeographical Society’s Library. 
Royal Statistical Society’s Library. 

F Royal Society’s Library. 

Pn Society of Antiquaries’ Library. 

i University College Library. 
Manchester—Athenæum Library. 

‘3 Christie Library, Owen’s College. 
Nottingham—Public Library. 
Oxford—Christ Church Library. 

P Magdalen College Library. 
Penzance— Public Library. 

West Bromwich—Free Library. 
Wigan—Public Library. 
Wolverhampton—Free Library. 
Worcester—Corporation Library. 
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Miscellaneous. 
O 


CULTIVATION OF THE 
ORANGE. 

The cultivation of oranges in the plain of Jaffa is 
extending very considerably. The surface of land 
now covered by orange plantations may be calculated 
at about 1,050 acres, and the number of trees, includ- 
ing those bearing fruit, grafts, and young sweet 
lemon saplings on which the orange is grafted, at 
about 1,000,000. Between the years 1886-39 the 
cultivation of the orange tree continued steadily on 
the increase, but more especially within the last eight 
years, when the profits arising from the exportation of 
oranges attained to unusually high figures, so much 
so that gardens of from two to three acres in size gave 
a net revenue of from £400 to £420 to the proprietors. 
This was owing mainly to the direct and rapid 
communication by steam vessels with Liverpool, 
which was established in 1892 and has continued to 
exist since. This somewhat abnormal state of things 
could not, however, last long, and the first real signs 
of a loss in the trade were visible last year. The 
Jaffu orange, being superior to the Spanish fruit, 
commands a higher price than the latter in the British 
market, but the demand is necessarily more limited, 
and on the market becoming overstocked a fall in 
prices is the result, and consequent loss to the 
shippers and growers. The increase, therefore, in the 
cultivation, the fall in prices, and the losses occasioned 
by hailstorms in recent years, which so injure the fruit 
that it frequently reaches its destination in an unsound 
condition, have, according to the British Consul at 
Jerusalem, tended to depreciate the value of orange 
gardens in general, and of the surrounding lands, and 
proprietors are beginning to feel its effects. Never- 
theless, the growers are still extending their planta- 
tions, always hoping that the Jaffa orange will 
continue to be in demand, and that prices will 
eventually rise. The orange gardens at Jaffa are 
irrigated by a water-wheel lifting a double row of 
buckets, called a ‘‘ Noria,” and this wheel has hitherto 
been turned by from three to five mules, working one 
at a time, at an annual expense of from £80 to £ 300, 
according to the size of the garden, including the 
wages of the gardener and workmen, the keep of each 
mule averaging about £12 per annum. But the 
stimulus given to increased cultivation and the planting 
of gardens of from 10 to 30 acres in size have 
necessitated the consumption of a much greater 
quantity of water for their irrigation. In large 
gardens, consisting of from 6,000 to 8,000 or even 
10,000 trees, requiring irrigation, a constant supply 
of water is needed, and the reservoir to furnish this 
had to be kept full, necessitating the working of the 
mules at the water-wheel during nearly the whole of 
the twenty-four hours. About three years ago a 
German firm endeavoured to introduce into the 
country oil engines of from three or four horse-power 
for pumping water from the deep wells more rapidly 
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than it could be lifted by mules. At first no one 
would try these engines, garden proprietors lookiug 
upon them with suspicion. Finally, however, the 
agent of the firm in question volunteered to set up 
an engine free of expense in one of the gardens by 
way of experiment, and it was found to work so well 
that several orders were at once placed. When first 
set to work these engines were made to pump up the 
water, but it was found that the pipes frequently 
became clogged with the mud and sand at the bottom 
of the wells. Now, however, by a very simple 
adjustment of the belt, the old water-wheel with its 
buckets is made to rotate, and the water is raised as 
formerly, only at a considerably greater speed. It is 
found that an oil engine will fill one of the large 
reservoirs above mentioned in about six hours at half 
the daily cost of keeping three or four mules, and the 
gain to the Jaffa garden proprietors is therefore 
manifest. There is a considerable export trade in 
Jaffa oranges, the number of boxes shipped last year 
amounting to 251,078, valued at £74,215. 


BELGIAN VICINAL RAILWAYS. 


Notwithstanding a slight diminution in the con- 
struction of new lines, rendered necessary by the 
great advance in the cost of materials and also labour, 
the Société Nationale des Chemins de Fer Vicinaux 
held the concessions of 101 lines, measuring together 
2,300 kilometres (1,429 miles), at the end of last year, 
and it has since obtained fresh concessions, together 
84 kilometres (52 miles), bringing up the total to 104 
lines, together 2,384 kilometres (1,481 miles). Of 
this length 1,840 kilometres (1,143 miles) are already 
in operation, while 436 kilometres (271 miles) are 
under construction; and 8g lines, together 1,959 kilo- 
metres (1,217 miles), are laid to metre (3 ft. 3} in.) 
gauge, of which 82 are worked by steam locomotives, 
while the Bruxelles and Petite-Espinette line, the 
20 kilometres (124 miles) of the Lignes du Centre, and 
the 23 kilometres (14} miles) constituting the four 
lines in the Banlieu de Charleroi, are worked 
electrically on the overhead trolley system. 

The line, 5} kilometres (34 miles) long, between 
Waterloo and Mont-Saint-Jean is practically com- 
pleted ; and the works of a line, 22 kilometres (134 
miles) long, between Chimay and Cul-des-Sarts, in 
quite an outlying district in the Province of Namur, 
have been begun. Owing to extra works or unforeseen 
circumstances the cost of constructing several lines has 
exceeded by 8.54 per cent. the capital subscribed for 
those lines, and by 2°26 per cent. that of the whole 
lines in operation collectively. The trafic on the 
Bruxelles-Espinette line has nearly doubled during the 
last five years, having increased from 377,571 train- 
kilometres (234,615 train-miles) in 1896 to 623,454 
train-kilometres (387,403 train-miles) in 1900 without 
any falling off in the receipts ; and it is quite expected 
to exceed the figure of 750,000 train-kilometres 
(460,037 train miles) during the present year. 
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Of the nine lines on which only passengers are 
carried, the receipts have increased for eight, but have 
slightly fallen off for one only, which is attributed toa 
reduction in the fares; and of the 69 lines that carry 
goods as well as passengers there is an increase in the 
receipts for 61 and diminution for eight, easily 
accounted for by special circumstances. Last year 
there were 40 cases of fatal and 4o of non-fatal 
accidents, including six and eight respectively to 
passengers caused by their own imprudence; but by 
far the largest number of accidents, due to suicide, 
drunkenness, or deafness, overtook persons who were 
neither passengers nor railway servants. Inthe course 
of last year several restrictions were removed that had 
been imposed by the Government on the Society, and 
which prevented the reduction of fares below certain 
figures, with the issue of return, season, students’, and 
workmen’s tickets, &c.; and in one case passengers 
are now carried short distances for 5 centimes per 
kilometre (łd. per mile). As it was found that the 
ordinary season tickets were generally taken by the 
working classes, the Society has, with the approval 
of the Government, issued annual tickets on the pay- 
ment of a three months’ subscription, followed by, on 
the last day of the first three-monthly period, pay- 
ment of the difference between a six months’ and a 
three months’ subscription, and on the last day of the 
half-year payment of the difference between a nine 
months’ and a six months’ subscription, and, finally, 
on the last day of the third three-monthly period, com- 
pletion of the yearly subscription. 

The administrative expenses of the Society only 
increased from 3°77 per cent. in 1899 to 3°79 per cent. 
last year of the total expense incurred for making and 
stocking the lines. Out of the 90 lines worked 
wholely or partially 65 showed better results last year 
than the year before; and two of them, that had 
incurred a loss during the first years of their working, 
are now paying off that loss. Of these lines, that 
between Thielt and Aeltre in Flanders made a 
profit of 7,278 fr. (£291) last year against 4,952 fr. 
(£198) in 1899, and that between Bourcy and 
Houffalize in the Ardennes earned 2,979 fr. (£119) 
against 2,534 fr. (£101) respectively, thus reducing the 
“loss on working ” account from 43,581 fr. (41,743) 
to 33,323 fr. (41,333). The individual and general 
reserve funds for meeting any future losses on working 
amounted at the end of last year to 917,768 fr. 
(£36,710 14s.) and 1,373,719 fr. (£54,948 15s.) against 
730,765 fr. (£29,470 12s.) and 1,103,560 fr. 
(£44,142 8s.) at the end of 1899 respectively. Out of 
the 79 lines that have been worked for more than a 
year 40 pay a larger dividend than that guaranteed, 
10 one higher than 3 per cent., 11 more than 2} per 
cent., and six more than 2 per cent. 

Although this progress is satisfactory, there is a 
falling off in the progression of the net revenue. 
While for 1896-9 the revenue increased by 10, 7, 8, 
and 7 per cent., the increase was only 3 per cent. last 
year. The State intervenes for one-half in the capital 
of all the lines, and the several provinces provide one- 


third, thus leaving only one-sixth to be subscribed by 
the communes, which has naturally induced the latter 
to urge the making of lines without sufficient prospect 
of a return. Upto 21st’ March the concessions had 
been granted for 104 lines, together 2,334 kilometres 
(1,483 miles) long, while applications were made for 
the concession of 28 lines, together 410 kilometres 
(254 miles) long; and the total capital, viz., 
150,929,000 fr. (£6,037,160), was subscribed in 
the following proportions:—State, 54,860,000 fr. 
(£2,194,400) ; provinces, 42,663,000 fr. (£1,706,520) ; 
communes, 50,221,000 fr. (£2,008,840), and indi- 
viduals, 3,185,000 fr. (£127,400). Last year works 
were executed for an amount of nearly 5,000,000 fr. 
(£200,000) and plant ordered for half that amount, 
which figures speak for themselves as to the import- 
ance of the society’s operations. 


General Notes. 
——_——_—_ 


THE SIMPLIFICATION OF FRENCH SYNTAX.— 
An official translation has been prepared of the 
decree of the French Minister for Public Instruction, 
dated February 26, 1901, relating to the simplification 
of French syntax, for the Special Inquiries Branch 
of the Board of Education, by Mr. W. G. Lips- 
comb, M.A., assistant-master at University College 
School, and hon. secretary of the Modern Language 
Association. The publication, which also contains 
an introductory note explaining the circumstances in 
which the decree was issued, together with a transla- 
tion of the circular letter on the subject addressed by 
the French Minister to the Rectors of educational 
districts (académies), may be obtained from Messrs. 
Eyre and Spottiswoode for 1d. Candidates in the 
Society of Arts’ examinations are permitted to avail 
themselves of the modifications authorised by this and 
the previous decree on the same subject. 


AGRICULTURAL PRIZES IN ITALY. —The Federa- 
tion of the Agricultural Unions of Italy, together 
with the Agricultural Unions of Padua and Florence, 
has opened an International Prize Competition for 
the sum of 1,000 francs in gold, to be awarded to the 
person who discovers and makes public the best 
method for obtaining exact and constant results in 
the determination of the fineness of the flowers of 
sulphur and of mixtures of sulphur and copper sul- 
phate, to be used for combating diseases of plants. 
Competitors must send in their papers in a sealed 
envelope to the Head-office of the Federation (Ufficio 
direttivo della Federazione italiana dei Consorzi 
agrari, Piacenza, Italy), before March Ist, 1902. The 
papers will be examined by a special Commission to 
be named by the ‘Reale Accademia dei Lincel, 
Rome,” whose decision will be without appeal. 


CORRECTION.—Page 600, by an unfortunate mis- 
print the late Mr. M. E. Rodocanachi’s name was 
printed as Rodonachi. 
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All communications for the Society should be addressed to 
the Secretary, Fohn-street, Adelphi, London, W.C. 


Notices. 
———- 


CHAIRMANSHIP OF COUNCIL. 


On Monday, 8th inst., at their first meeting 
after the annual election, the Council elected 
Sir William Henry Preece, K.C.B., F.R.S., 
as Chairman for the ensuing year. 

The various Committees were also 
appointed. 


re- 


EXAMINATIONS. 


The dates fixed for the Examinations in 1902 
(General Examination, Grade II., and Pre- 
liminary Examinations, Grade I.), are Monday, 
Tuesday, Wednesday, and Thursday, April 
14th, 15th, 16th, and 17th. 

The results of the Preliminary Examinations 
(Grade I.), held at the end of last March, are 
now ready. Copies for gratuitous distribution 
to each candidate who attended the examina- 
tion have been sent to all centres. Additional 
copies can be obtained, price 3d. each. 

Copies of the results of the General Examina- 
tions (Grade II.) were sent out to the centres 
for distribution to each candidate in the last 
week in June. Additional copies can be 
obtained, price 6d. each. 


PRACTICAL EXAMINATIONS IN 
- MUSIC. 

The practical examinations in Music were 
not concluded this year until the 6th July, too 
late for the results to be included in the Report 
of the Council. They lasted for 11 days. 

The examination was conducted by Mr. 
Ernest Walker, M.A., Mus.Doc. Oxon., and 
Mr. Burnham Horner. 

The system of examination was the same as 
that for last year. For instrumental music 
certain standards are given, and candidates 


are asked to select for themselves which of 
these standards they choose to be examined 
in. The standards range from easy to very 
difficult music. For each standard a list of 
music is given for study, and for the pianoforte 
examination a selection from this list is sent 
to the candidates six weeks previous to the 
examination. For other instruments the pieces 
can be at once chosen from the general list. 
Candidates are then expected to play or sing 
the pieces which they have prepared, and in 
the third and fourth standards to play a piece, 
or a portion of a piece, at sight, in addition. 

In all, 566 candidates entered, and of these 
551 were examined, an increase of 5 as com- 
pared with last year; 5 of these took.up two 
subjects, so that there were 556 examinations. 
Of these there were 476 passes and 8o failures. 

The following were the subjects taken up :— 
Piano, singing, violin, violoncello, mandolin, 
guitar, and organ. 413 entered for the piano, 
352 of whom passed and 3 obtained medals ; 
89 entered for the violin, of whom 81 passed ; 
5 entered for the violoncello, 4 of whom passed. 
3 passed for the mandolin; 6 entered and 5 
passed for the organ, and 1 obtained a medal ; 
39 entered for singing, of whom 30 passed, 
2 obtaining medals; 1 entered for the guitar 
and passed. 


Proceedings of the Society. 
——< 
CANTOR LECTURES. 
Lecture I.— Delivered March 11, igo. 


ELECTRIC RAILWAYS. 
By Major P. CARDEW. 


When I undertook, with considerable hesita- 
tion and diffidence, to give a short course of 
lectures to this Society, it appeared to me that 
the subject of electric railways was one that 
was at the present time interesting to many, 
and also one with which I ought to be capable 
of dealing in a manner that might be con- 
sidered instructive by a non-technical audience; 
but I am now very doubtful whether any in- 
struction can be gleaned from the imperfect 
sketch of the subject which is all I can present 
to you. 

I can only plead in extenuation of my short- 
comings that I am not a lecturer by profession, 
and that my time has been very fully occupied 
with professional work, and I beg you to accord 
me your most charitable forbearance, and that 
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you will not take it ill that I have assumed a 
condition of complete ignorance in electrical 
matters on the part of my audience. This 
seems to me a postulate of the position—parmi 
les aveugtles le borgne est roi. 

The art of locomotion has been advanced 
very considerably in the past century, and its 
progress has probably affected the conditions 
of human existence to a greater extent than 
any other advance in engineering. 

Looking back into, its past history, it is 
astonishing to observe what little progress was 
effected between the time of the Romans—who 
at least thoroughly understood the art of road- 
making-—and the advent of the steam loco- 
motive ; indeed, the accounts that we have of 
the amenities of travelling even so recently as 
the 18th century, convey the impression of 
extreme discomfort and tediousness, while the 
‘‘ Lightning Express ” mail coach of the com- 
mencement of the rgth century, was not at all 
times and seasons the acme of speed and 
comfort. 

We have advanced far under the reign of 
steam, but how much further shall we not 
advance under that of electricity. 

In the case of tramways and street railways, 
the electric motor has been universally 
accepted as the best mechanical means of 
propulsion, and its superiority to the steam, 
gas, or compressed air motor is generally con- 
ceded. The cable system certainly possesses 
a distinct advantage for very steep gradients, 
but this system can be worked electrically, and 
grafted on to an electric system wherever 
necessary. 

For the working of underground railways 
again, electricity is without a rival, and for the 
numerous deep level underground lines con- 
structed or in progress to London, no other 
-system of propulsion has been so much as 
‘suggested. 

So far, however, electric propulsion has not 
‘been established on any of our ordinary rail- 
ways, and the question naturally arises—what 
is the real limit to the advantageous use of 
electric locomotion ? Under what conditions, 
and for what reasons does it cease to be pre- 
ferable to the existing system of steam locomo- 
tion? The two systems differ so radically, 
inasmuch as in steam locomotion the power is 
entirely self-contained, whereas the electric 
train derives its propelling power from an out- 
side source, that we instinctively feel that 
there must be a field for each method, especi- 
ally since the self-contained system has beaten 
all systems analogous to the electric under all 


conditions of traffic, and it is only in conse- 
quence of its great superiority to any other 
known system of transmission of power that 
electricity can claim to compete with steam in 
the field of railway working. 


HISTORICAL SUMMARY. 


The idea of electric traction is not by any 
means a new conception, model electric rail-. 
ways have been devised and shown in action 
many years ago, in fact, very shortly after 
Faraday’s discovery in 1831 of the correlation 
of electricity and magnetism. 

So long, however, as the voltaic cell was the 
only available source of electrical energy, 
nothing practical could possibly result. 

The dynamo-electric machine was perfected 
about 30 years ago, and this placed in the 
hands of inventors a simple and efficient means 
for the conversion of mechanical into electrical 
energy, and for the converse operation at any 
distance through the medium of the electric 
circuit. 

In the early days of dynamo machines, two 
erroneous ideas led many electricians astray. 
One was that although it was known that the 
dynamo was reversible, and could be used 
either as generator or motor, a really efficient 
motor ought to be designed on different 
principles from a generator. This led to the 
waste of much ingenuity in the designing of 
curious motors which did not realise the ex- 
pectations of their inventors, and by their 
failure to some extent impeded the progress of 
the use of electric power. 

The second prevalent error was that it was a 
physical impossibility to obtain in electric 
transmission an efficiency exceeding 50 per 
cent. This arose from the old text-book state- 
ment that the maximum power is obtained 
from a battery when the external equals the 
internal resistance. Similarly, the maximum 
power is given out by a motor when its speed 
is such that its counter E.M.F. is one-half 
of the applied E.M.F., and the efficiency is 
then, of course, 50 per cent. But maximum 
power is not the same thing as maximum 
efficiency. 

The first practical electrical railway was 
that laid by Siemens in the grounds of the 
Berlin Exhibition of 1879, and this was ex- 
hibited in 1881 in Paris. The power was trans- 
mitted by means of an insulated rail, the ordi- 
nary rails being used as a return; in fact, by 
exactly the same means as is now used on 
railways where the lines are not accessible to 
the public. This successful demonstration 


July 13, 1901.] 


JOURNAL OF THE SOCIETY OF ARTS. 


643 


was followed by the construction of the Port- 
rush and Giant’s Causeway electric tram road, 
which is still working. Unfortunately, in this 
case also the third rail system was adopted; 
and as the charged rail was easily accessible 
to persons and animals passing along the 
road by the side of which it was laid, it was 
soon found to be dangerous to the latter, 
although the electrical pressure was only 300 
volts, and eventually a fatal accident to an un- 
fortunate excursionist, who was thrown off his 
bicycle by collision with the railway in the 
dark, and fell across the charged rail, made 
it necessary for the Board of Trade to insist 
upon the charged conductor being placed 
out of reach, as in the overhead trolley 
system. 

In 1884 the Blackpool tramway was opened 
for traffic. In this case the charged conductor 
was placed in a conduit between the rails, and 
contact was made by means of a “‘ plough ” 
passing through a slot in the top of the con- 
duit, the ‘‘return’’ being provided by the 
running rails. This system had the advantage 
of preventing access to the conductor, and of 
avoiding the zsthetic objection to overhead 
wires and their supports; but the selection of 
Blackpool as a field for the exhibition of the 
virtues of the conduit system was very un- 
fortunate. l 
_ It does not of course follow, from the failure 
of the conduit system at Blackpool, that it 
cannot give excellent results under other con- 
ditions ; and its adoption in Washington, New 
York, and other towns, and Professor Kennedy’s 
recommendation of it for the London tramways 
prove that it has advantages in its own field 
which outweigh its admitted difficulties. 

It 1889 a very interesting system was tried 
upon the Northfleet tramways. This was a 
conduit system, but differed from all others in 
that the various motor cars took their supply 
of energy in ‘‘series’’ in place of the usual 
parallel connection. The arrangements were 
very ingenious, and are fully described in 
Nature, May gth, 1889, but the ‘‘ series’’ 
system contains in its essence so many disad- 
vantages as compared with the ‘“ parallel,” 
that it is not surprising to find that it has 
made no progress, and it is no longer seriously 
considered. 

The Liverpool Overhead Railway, which was 
opened in 18y3, is very interesting as an early 
experiment in two directions of development, 
viz., the construction of a railway on an 
elevated structure, leaving a clear roadway 
underneath, and the use of electricity for 


traction, under conditions where steam traction 
would have been quite practicable. 

The electrical equipment of this line was 
mainly, I believe, the work of Mr. Thomas 
Parker. The conception was at the time a 
bold one, and thoroughly deserved the suc- 
cess which, under careful management, it has 
attained. 

The overhead trolley system had in the 
meantime been developed by the Americans 
with their usual thoroughness and fertility of 
resource, and in the year 1891 was intro- 
duced into this country by the equipment of a 
short line at Leeds. This occasioned a con- 
flict with the telephone company, whose circuits 
were found to be seriously disturbed. 

The necessity for obtaining a settlement of 
the question, whether electric tramways and 
railways were to be allowed the use of the un- 
insulated running rails as a return conductor 
for their currents, having regard to the fact 
that this user introduced serious danger of 
electrolytic injury to gas and water pipes and 
other metallic structures in the adjacent soil, 
and also certainly disturbed telephonic and to 
some extent telegraphic circuits, led to the 
appointment of a joint Committee of both 
Houses of Parliament, by which such user was 
sanctioned subject to suitable regulations to 
be made by the Board of Trade. 

These regulations were submitted in draft to 
a conference of representatives of all interests 
affected, in accordance with the custom of the 
Board of Trade, and approved with some modi- 
fication, and it may I think be said for them 
that while not hampering the development of 
the electric traction industry, but on the con- 
trary guiding it in the right way, they have so 
far proved sufficient to prevent any ascertain- 
able injury to pipes, even where electric tram- 
ways have been working for several years. It 
is true that various disturbances and some 
injury have resulted from the working of the 
South London Railway, which offences are 
continually being put forward as proof of the 
inherent viciousness of the rail return system, 
but this exception is easily explained by the 
fact that when this railway was constructed 
the Board of Trade was not empowered to 
make any regulations for the prevention of dis- 
turbances or electrolytic injury. This railway 
is also noteworthy as being the first of the deep 
level tube lines which are now being pushed in 
so many directionsunder the congested arteries 
of this great city, and while others have to a 
large extent reaped the reward, we must not 
forget that it is in great measure to the genius 


644 


JOURNAL OF THE SOCIETY OF ARTS. 


[Fuly 12, 1901. 


and untiring energy of the late Mr. J. H. 
Greathead that London owes a system of rail- 
ways peculiarly suited to its topographical 
divisions, and the geological formation of its 
subsoil. These railways are the latest develop- 
ment of electric traction in operation in this 
country, though their novelty consists more in 
the construction of the line than in any ad- 
vance made in the methods of transmission and 
utilisation of the electric power. 

On the Continent some very interesting rail- 
ways are now working on the “three phase 
system,” especially in Switzerland, the Burg- 
dorf Thun line so well described by Professor 
Carus Wilson being a notable instance. Urban 
railways and tramways on the usual system 
are, of course, very generally in use, while 
everyone must be fully cognizant of the mag- 
nificent work accomplished in America. 


ADVANTAGES OF ELECTRICAL TRACTION. 


Coming to the subject I have undertaken, 
the first point to which I would direct your 
attention is, What are the advantages that 
may be expected to result from the change 
from steam to electricity as the propelling 
power for trains on ordinary railways, because 
unless these advantages can be shown to be 
real and substantial, it is, of course, hopeless 
to expect the railway companies to dismiss 
their old and faithful servant, the steam loco- 
motive. 

Considering the matter first from the point 
of view of the travelling public, we must admit, 
l think, that for long journeys of several 
hundred miles, such as those performed by the 
Scotch expresses, no very great advantage to 
passengers could be hoped for at present. A 
few tunnels would be less asphyxiating, and a 
comparatively short time would be saved in 
stops and starts ; but these are minor matters. 
No considerable saving of time could be made 
in the case of a Scotch express without corre- 
spondingly increasing the maximum speed of 
the train. It is true that this maximum speed 
can be more easily and safely increased with 
electric than with steam traction, and we 
already hear of serious proposals to establish a 
service of clectrically propelled trains between 
important centres of population and commerce 
at a speed exceeding 100 miles per hour. 

I have no doubt that such speeds are pos- 
siple. The shape, construction, and equip- 
ment of the rolling stock will require special 
modifications, and the adaptation of means to 
the required end will as in all similar advances 
be a gradual process. What appcars doubt- 


ful is not whether a speed of 120 miles can be 
accomplished, but whether it will pay to pro- 
vide such a service within the limits of the 
British Isles. 

It does not need to be demonstrated that the 
special service would not be done for the same 
money. Special fares must be charged, and 
how many passengers would care to avail 
themselves of the privilege ? 

Our long distances are easily accomplished 
in the time usually devoted to sleep, and the 
sleeping car trains are all that the man of 
business requires to enable him to put in a full 
working day in London, and be perfectly fit 
for work in Glasgow next morning. 

The habits and necessities of existence pre- 
scribe the times of departure and arrival of the 
Scotch expresses, and it is not to provide for 
such traffic that electric traction is about to 
displace steam. 

When we regard the traffic arrangements on 
the lines communicating between important 
towns not exceeding 100 miles apart and their 
branches, however, the possibilities of improve- 
ment from the introduction of electric traction, 
and of the new methods of working traffic 
which must accompany the change, become 
far more considerable. 

The most important advantages to the 
passenger may be summed up as— 

1. Greatly increased frequency of service. 

2, Regular time schedule. 

3. Time occupied on journey considerably 
reduced without increase of maximum 
speed, especially in the case of trains 
stopping at intermediate stations or 
branching off from the main line. 

Giventhe problem of conveying a fixed number 
of passengers per diem between two places, the 
economical means with steam traction is a few 
heavy trains at considerable intervals; whereas, 
with electric traction, or any other method 
whereby power is transmitted from a central 
station, economy is best secured by running 
light trains at frequent intervals. 

Now in the case of long journeys occupying 
practically the whole working day, or the 
portion of the night devoted to sleep, the 
times of departure are practically fixed, and 
the advantage to be gained by electric work- 
ing is small, but for journeys of two hours or 
less duration the advantages of a frequent 
service at fixed intervals are very consider- 
able. It will only pay under the conditions of 
frequent, regular, and punctual service, and 
the electrifying of aline must involve what we 
may call the electrifying of the traffic arrange- 
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ments. The question which many directorates 
will have to determine, and which some are 
already considering is, whether to take the 
plunge: whether the response of the public to 
the offer of these greatly enhanced travelling 
facilities will be such as to justify the necessary 
expenditure. 

Steam traffic has been evolved from the 
stage coach, and bears the unmistakeable im- 
press of its descent. Electric traction tends 
towards the ideal of the continuous moving 
platform. 

I will next attempt to show in what par- 
ticulars the railway companies may expect to 
derive advantage from the change of system. 
The chief and dominating one is no doubt 
very greatly increased receipts, arising from 
the improved service and increased earning 
capacity of the line; but how about expendi- 
ture? The capital expense involved is cer- 
tainly considerable, and can be easily calcu- 
lated, but the effect of the change upon working 
cost is perhaps more doubtful. 

The following are the main points in favour 
of electricity where the conditions are such 
that a frequent service of comparatively light 
trains will be decidedly preferable to the 
provision of heavy trains running at longer 
intervals :— 

1. Power costs far less when generated in 
bulk in a properly equipped station than in 
detail in a number of separate locomotives. 

Mr. W. Langdon, Electrical Engineer of 
the Midland Railway, has estimated the cost 
of running the existing traffic over a section of 
the Midland Railway, fifty miles in length, by 
electricity, and gives it as 7d. per train mile 
for working cost, and 1d. to provide interest 
on the necessary capital expenditure, or a 
total cost of 8d. as against od. for steam, but 
we can do better than this where the con- 
ditions admit of full advantage being taken of 
the possibilities of electric traction. 

2. The daily run of electric motors is far in 
excess of what can be practically obtained 
with steam locomotives. 

From the Board of Trade Returns for 1899, 
it appears that the average run of steam loco- 
motives is under 54 miles per diem, while on 
electric lines a daily run of 300 miles is quite 
usual. Much time is required by a steam 
locomotive for repairs, cleaning, raising and 
lowering steam, taking in supplies of coal and 
water, &c. During all this time it is earning 
nothing, and is costing heavily in wages and 
maintenance charges. 

3. The motive power is not restricted toa 


limited number of locomotives, but may be 
distributed over a large proportion of the 
passenger carriages. Hence it can always be 
exactly proportioned to the length and weight 
of the train, which again can be varied to suit 
the traffic requirements. 

4. The wear of permanent way is greatly 
reduced on account of the distribution of 
driving power over the length of the train, 
especially when, as should he the case, the 
whole of the weight of the motors is spring- 
borne. 

5. Loss of adhesion or slip of driving- 
wheels on the rails is entirely avoided owing, 
in the first place, to the distribution of driving 
power, and to the utilisation of so large a pro- 
portion of the whole weight moved for 
adhesion, and, in the second place, to the fact 
that the turning effort of an electric motor is 
perfectly uniform, and not a succession of 
jerks. 

6. Much greater power can be provided for 
accelerating the train and for mounting steep 
grades. 

7. Many economies can be effected in heavy 
items of running expense. 

The item of repairs is a case in point. Mr. 
Langdon puts the cost of repairs and renewals 
at 2'641 pence per train mile for steam and 2d. 
for electricity, but I think he has much under- 
stated the advantage to be derived from the 
substitution of so simple a machine as the 
electric motor for the complicaied steam 
machine. Mr. E. C. Boynton, in a paper 
read before the American Institution of Elec- 
trical Engineers, on February 28th, 1900, 
states :— 


«I have had under my personal observation a con- 
siderable number of such motors, some of which have 
been in service over two years, making a daily mile- 
age of over 300 miles, and have never had one arma- 
ture burn out. In one case a pair of motors were in 
service eight months, including a winter. No repairs 
whatever were made during that time, beyond the 
ordinary daily inspection, cleaning, and renewals of 
carbon brushes. 

“In another case a pair of motors made upward of 
100,000 miles after being put into service, the only 
repairs being renewal of armature and axle brasses, 
gears, and pinions.” 


Taking other points, Mr. Langdon, in the 
paper I have already referred to, states :— 


“We may now perhaps glance at possible 
economies on that which is indispensable for the steam 
locomotive, but which is unnecessary, or not so largely 
necessary with electricity. Water pillars, turn-tables, 
engine sheds, coal stages—all these are expensive 
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items, which with electricity are citker not required, | and residential districts. That this is by no 


or capable of considerable modification. 

“ Water pillars, supplemented in many instances 
by fixed engine-power for pumping the water into 
reserve tanks, involving power houses, sheds, and 
other structures, form part of all large stations, and 
many other points at which the locomotive requires to 
take water. With electricity, water to any extent 
would be required only at that point at which the 
central generating station is placed. If this station 
served fifty miles of railway, then it would take the 
place of all the pumping plants, water pillars, &c., 
otherwise recu‘red throughout that section for the 
Steam locomotive. Every pumping station involves 
the provision of labour, fuel, &c. All water pillars 
require special attention during hard weather. 
Economies in first outlay, and annual charges on this 
account should accompany the use of electricity. 
Tum-tables would be unnecessary. The annual 
outlay for repairs in this respect is not great, but the 
cost of laying down the large turn-tables now required, 
is very heavy. . 

« As the number of locomotives increase, so in- 

creases the demand for engine shed. Electric loco- 
motives would of course need housing as well as the 
steam locomotive, but the space which they would 
occupy would probably be about half that now 
required. 
. “t Wherever we find an engine-shed, there we see an 
area of land covered with coal; lines of rails applic- 
able thereto; coal-stages to which the coal has to be 
carried, and from which it has to be distributed to 
the locomotives. First the coal has to be stacked, 
then loaded into trucks and carried to the coal-stage 
and thence weighed and placed on the engine's 
tender. This is the course of procedure at each 
engine depét. If we compare it with the work of a 
large central station, such as that sketched out in 
this paper, I think it will come home to us that 
although the work would be large, it could not be 
nearly so large as at present. If stacking were at all 
necessary there would be the less quantity to stack, 
and it would all be dealt with in a more concrete 
form and at comparatively few centres. Again, in 
this respect there is reason to look for economies in 
land, in buildings, and labour.” - 

8. All danger from a following train can be 
prevented automatically by providing that each 
train cuts off the supply of electric power to the 
block section in rear. 

On the other hand we have the cost of equip- 
ment, the losses in transmission and conversion 
of power, and the fact that the power is not 
self-contained but has to be picked up from 
one or more charged conductors. 

In this country we have looked upon electric 
traction as a condition of refined excellence 
which can only be contemplated for dealing 
with the congested traffic of great cities, or at 
the utmost that it may extend to the suburbs 


are different from what obtains here. 


means necessarily the case will be clearly 
shewn by a few lantern slides illustrating 


what has been already accomplished in 
this direction in Switzerland. You wilh 
of „course appreciate that the conditions 


Water- 
power is abundant, tourist traffic is lucra- 
tive; where facilities can be afforded for 
visiting places of interest otherwise inacces- 
sible to most, and steam-power is relatively 
costly. 


DETAILS OF ELECTRIC TRACTION. 


We will next examine the details of electric 
traction as applied to railways in order to 
understand the essential differences in method 
and appliances as compared with steam 
traction. 

The first and most obvious requirement is the 
motor. The principles and construction of the 
electric motor have been recently most ably 
and fully expounded by Professor Carus Wilson 
to this Society, and I need not, therefore, do 
more than mention a few elementary points. 


MOTORS. 


The electric motor is as is well known exactly 
similar in principle and construction to a 
dynamo machine or generator. Such a 
machine if mechanical power be applied to it 
will give out electric current and is then called 
a generator. If, on the other hand, electric 
current be supplied to it, it gives mechanical 
power and is thena motor. As a matter of 
fact the first machine constructed on the 
principles of the modern dynamo was intended 
to be a motor. 

The essential principle of action of all electric 
machinery is found in the natural law, first 
thoroughly expounded by Faraday, which con- 
nects the mysterious natural agencies known 
as electricity and magnetism, viz., that għen 
electricity passes in a conductor it ’creates 
magnetic force in the space surrounding that 
conductor and conversely when a magnetic 
field of force passing through a conducting 
body is altered electricity moves in that con- 
ducting body. 

This interaction is made effective by forming 
the conductor into a coil of many turns which 
multiplies the effect, and by the use of soft 
iron which directs and intensifies the magnetic 
field. 

All dynamos and motors therefore broadly 
consist of coils of wire and magnetic fields 
moved relatively in each other. The currents 
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produced in the coils of dynamos are what are 
known as alternating currents, that is they 
reverse in direction once or several times in 
each revolution, and form a succession of 
waves. In continuous current machines, how- 
ever, these waves of current are altered by 
commutation, as it is called, into a practically 
uniform flow in one direction outside the arma- 
ture or moving portion of the machine, when 
used as a generator. In the case of a motor, 
a continuous current is given to the machine, 
and altered by commutation to an alternating 
current in the armature. 

In alternating machines no such commu- 
tation is necessary, hence they are less compli- 
cated machines; but while any properly- 
designed continuous current machine will act 
efficiently as a motor, this is by no means the 
case with alternating machines, and until very 
lately continuous current motors alone were 
used for traction, and we will therefore first 
deal with them. They consist essentially of a 
fixed and a moving member. The fixed portion 
provides the magnetic field, and, for simplicity, 
we will at first consider this invariable. 

The function of a motor is to supply force 
wherewith to move or alter the motion of 
hodies in accordance with Newton’s first law 
of motion. It also has, in order to maintain 
uniform motion, always to neutralise the 
opposing force of friction, and generally other 
opposing forces. 

The torque or turning moment of a motor 
depends upon the strength of the magnetic 
field and the amount of the current passing in 
the armature. When the armature is re- 
volving in a magnetic field, however, it 
opposes the passage of current with a 
counter electromotive force, as it is called, 
proportional to the strength of the mag- 
netic field and the speed of rotation. 

Perhaps the simplest way to get a clear idea 
of this action is to consider the armature con- 
nected by means of its brushes to an external 
circuit. If, then, the armature is turned by 
mechanical power, it will produce an electric 
current in one direction or the other according 
to the direction of the motion. If, on the other 
hand, an electric current is caused to pass in 
the circuit by means of another source of 
electromotive force, the armature will turn in 
the contrary direction to that in which it must 
be turned to generate a similarly directed 
current. By turning it tends to produce current 
just as if it were turned by mechanical power, 
z.e., it opposes the applied E.M.F. (electro- 
motive force) to this extent. 
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The applied E.M.F. must always be greater 
than the counter E.M.F. generated in the 


, motor which results from it because of frictional 


resistance, even when the motor is running 
light, for if the two E.M.F.’s were equal no 
current would pass, and no electrical energy 
would be consumed in maintaining the motion. 
The limit of speed to which an electric motor 
tends under the conditions of constant applied 
E.M.F. and constant magnetic field is, there- 
fore, such a speed as to produce a counter 
E.M.F. equal to the applied E.M.F. When 
the motor does work in overcoming resistance 
the speed falls perceptibly and the counter 
E.M.F. with it; current accordingly passes 
proportional in amount to the difference in the 
two E.M.F.’s, and electrical power is absorbed 
by the motor, some of which power is wasted 
as in all mechanical operations, while the rest 
is efficient in doing work. 


Shortly, if E be the applied E.M.F. 


e ,, ,, Counter ,, 


a proportion of the absorbed electrical 


power is utilised as mechanical 


E-e. 7 ‘ 
ps wasted, or the efficiency of conversion 


power. 


. e 
of electrical into mechanical power is E`’ Of 


the mechanical power obtained, however, some 
is expended in overcoming friction, so that the 
real efficiency of the motor is rather less. 

The higher the speed of the e!ectrical motor, 
therefore, the greater is its efficiency of con- 
version of electrical into mechanical energy, 
but since the power absorbed is proportional to 
the current as well as to the E.M.F. we have 
the result that with a very high efficiency 
of conversion very little power is obtained. 

In fact, the mechanical output of the motor 
is proportional to e (E—e) which is easily 
shown to be a maximum whene = zor when 
the efficiency of conversion is 4. 

No motor, however, as at present made, 
could run for long at so low an efficiency, 
simply because it would be burnt up by its own 
waste energy. The rated full load of a motor 
is such as to give an efficiency of well over 80, 
and sometimes over go per cent. 

So far we have considered the applied 
E.M.F. and the magnetic field to remain con- 
stant. Ifthe E.M.F. be varied, the speed to 
which the motor tends iscorrespondingly varied. 
If the magnetic field be varied, the speed is 
inversely varied. It can still exert the same 
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power, but at a greater speed in a weaker field, 
because the torque due to a given current has 
been reduced in proportion to the weakening 
of the field. 


FIELD MAGNETS. 


Now in electric motors the magnetic field is 
produced by the electrical energy supplied, 
and the field magnets may be either ‘‘ Series ” 
or ‘‘Shunt’’ wound, that is to say, the whole 
current supplied may pass through the field 
magnets and armature in series, or it may be 
divided between the field magnets and arma- 
ture in parallel. Or again the field may be 
excited by a separate current from another 
source. 

In electric traction ‘‘ Series” wound field 
magnets are generally employed, although 
with ‘‘Shunt’’ wound or separately excited 
fields greatly increased efficiency can be 
obtained under some conditions, but they have 
some disadvantages which have been held to 
outweigh this. 

In my opinion the advantages which may be 
obtained from the use of separate excitation 
for railway motors have not as yet been tho- 
roughly appreciated. Control may in this case 
be largely affected by variation of the strength 
of field instead of by wasteful resistances 
inserted in the supply circuit, and return of 
energy to the supply circuit is possible when 
retarding the train. For stopping trains on 
suburban lines there is a great possibility of 
economy in a well devised system based upon 
separate excitation. 

It has been already pointed out that the 
current in a motor is proportional to the 
difference between the applied and the counter 
E.M.F.’s. At the moment of starting there is 
no counter E.M.F., and if the full E.M.F. 
were applied the motor would be damaged by 
the excessive current. In order to prevent 
this, external resistances are introduced to 
limit the current. This is one of the weak 
points in electrical traction. The greatest 
torque or turning effort is required from the 
motor at starting, but torque is proportional to 
the current, therefore the current has to be 
greater at starting than at other times, and as 
this current has generally to be provided by 
the full E.M.F. of the supply, the power 
absorbed is then a maximum, and of this 
maximum power the greater portion is wasted 
in resistances. 

The real power required at starting is not 
great, as although the force is large it moves 
slowly; as the train accelerates the power 


proportionally to the 
speed, and the counter E.M.F. of the 
motors also increasing with the speed, 
the added resistances can be gradually 
cut out, and the efficiency of conversion 
increased. When full speed is nearly attained 
the counter E.M.F. automatically reduces the 
current and torque until at full speed the latter 
exactly balances the resistance to motion en- 
countered by the train, the efficiency of the 
motors, if they are properly adjusted, being 
then about go per cent. It will be understood 
that I am now describing what takes place on 
a level or nearly level line. On grades the 
effect of the force of gravity is added to or 
substracted from the motor effect, the accelera- 
tion on an upgrade is lessened because the 
motor force cannot be safely increased, and the 
ultimate speed is also slightly reduced because 
more force is required to maintain speed, and 
force means current, and increased current is 
only possible with diminished counter E.M.F. 
On a downgrade acceleration is increased, and 
speed can also be increased with series wound 
motors up to the limits of safety. Thus, on 
electric railways, stations are arranged as far 
as possible on the tops of slight eminences in 
order to lessen waste in accelerating and 
stopping the train. This cannot always be 
arranged, however, and we have to admit that 
there is at present great waste in starting an 
electric train. This waste, moreover, is not 
confined to the train itself, but implies waste 
and extra cost throughout the equipment. 
Thus, at the generating station extra power 
has to be provided for the large starting cur- 
rents, and, although when one station provides 
power for many trains the proportionate in- 
crease may be somewhat lessened, it is im- 
possible to ensure that several trains will not 
start at practically the same time. In some 
cases a large proportion of the trains habitually 
do so. For the same reason the size of mains 
and distributing plant has to be increased, and 
we have the inefficiency and waste unavoidable 
in a very fluctuating and suddenly varying 
load. 


utilised increases 


WARD LEONARD SYSTEM. 


A very ingenious method of diminishing the 
waste of energy and the current required at 
starting has been proposed by Mr. Ward 
Leonard. In his system each train carries a 
large motor, which is always running at full 
speed, the ficlds being shunt or separately 
excited. This motor does not itself propel the 
train, but 1s connected to drive a generator, 


Fuly 12, 190%.) 


JOURNAL OF THE SOCIETY OF ARTS. 


649 


and this generator is connected electrically to 
the motors which drive the train. 

The regulation of speed is effected by 
varying the strength of the magnetic field of 
the generator. While the train is at rest no 
exciting current is allowed to pass; and thus, 
although the generator is running at full speed, 
it provides no current for the motors. At first 
starting, a small exciting current is used, and 
the E.M.F. of the generator is correspondingly 
small. Full current is however generated, 
since the counter E.M.F. of the motor is #77. 
The motors therefore start with full torque, 
while the power taken, although passed through 
so many conversions, is decidedly less than in 
the case of the ordinary method of inserting 
resistances in the motor circuit. 

The expense of the motor generator, added 
to the equipment of the train and the addi- 
tional and very considerable weight which has 
to be carried, are decided objections to this 
system. 

Other objections are the extra complication 
of electrical circuits, the losses of energy in 
the motor generator arrangement, especially if 
it is to be kept in operation throughout an 
extended run, and probably some trouble from 
sparking, caused by a very weak magnetic 
field. 

For lines where stops are frequent, and rapid 
acceleration necessary to meet the traffic re- 
quirements, there certainly seems to be an 
opening for a system dispensing with the 
wasteful rheostat and its crude method of 
reducing the electrical pressure on the motors, 
and thus increasing the efficiency of power 
conversion during the period of acceleration, 
in which, under such conditions, most of the 
energy is expended. 


SERIES PARALLEL CONTROL. 


The most usual means resorted to for dim- 
inishing the waste of energy at starting is the 
Series Parallel Controller. If two motors are 
run in ‘Series’ their counter E.M.F.’s are 
added to oppose the impressed E.M.F., and 
they tend to an ultimate speed such that the 
counter E.M.F. of each motor is one-half that 
applied less the amount used to produce the 
current required by the load, which now be- 
comes (E — 2e). That is to say, full speed 
for motors in series is about one-half of that 
obtained with the motors in parallel. With 
more than two motors in series the ultimate 
speed is reduced in inverse proportion to the 
number. If now just before this ultimate speed 


be attained the motors are switched into 
parallel in the case of two motors, or series 
parallel with four motors, the motors tend 
to double the speed of the series con- 
nection. The effect upon the efficiency is 
this—whereas at starting under any condi- 
tions the efficiency must start from zero; 
with a simple parallel connection the efficiency 
increases with the speed up to the full load 
efficiency, say go per cent., and thus averages 
about 45 per cent., for the whole starting period, 
while with a series parallel connection it rises 
to a possible go per cent. at half speed, then 
falls at once at the change of connection not to 
zero but to 45 per cent., from which it again 
rises to go per cent., giving, say, 67 per cent. 
efficiency for tne parallel step, or for the whole 
starting period an efficiency of about 56 per 
cent. 

With four motors three steps can be used, 
viz., all motors in series tending to } speed, 
two in series and two in parallel from } to 4 
speed, and all in parallel from å to full speed. 
The possible efficiencies are 45 per cent., 67 
per cent., and 67 per cent. or a mean efficiency 
during the period of acceleration of nearly 60 
per cent., but the slight increase of efficiency 
is hardly worth the extra complication in- 
volved. 

These various connections of the motors, and 
the insertion and variation of the resistance 
added to the circuit to prevent excessive 
current when the total counter E.M.F. is 
much below that applied, are affected by 
means of an instrument known as a controller, 
furnished with a handle moving between fixed 
stops over a circular arc, on which are marks 
indicating the conditions of connection for 
cach position of the handle. There is a 
second handle by means of which the motion 
may be reversed, which is interlocked with 
the first handle, so that it can only be moved 
when the first handle is in the zero position, 
and no current is passing. 

In order to reverse the direction of motion 
of a motor it is necessary to reverse that of the 
current in either the field magnet or the arma- 
ture coils. Reversing the current given to the 
motor as a whole has no effect upon the 
direction of rotation. If both the field 
and armature current be reversed the torque 
remains in the same direction as before. 

The controller appears at first sight to be a 
simple affair, but in reality its evolution has 
cost much time and money, great difficul- 
ties having been encountered from the 
sparking produced by varying an clectric 
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magnetic circuit, by sudden changes of large 
amount. 

In some controllers a step is provided 
beyond that of motors in series without resist- 
ance. On this step the fields are weakened 
by shunting part of the current past them, this 
reduces the counter E.M.F. for a given speed, 
and if the load is not too heavy the motors 
accelerate to restore the balance, the effici- 
ency, however, and the torque for any given 
current are both reduced by weakening the 
field. 

With shunt or separately excited fields the 
motors can be changed from series to parallel 
with the same effect as in the case of the 
series motor, but the whole arrangement is 
simplified. Itis also possible to control by 
variation of the strength of field to a greater 
extent, and with less waste than series wound 
fields. 

The next detail in the arrangement to which 
I will direct your attention is the question of 
gearing. 


GEARING. 


Elementary mechanics teaches us that a 
small force moving quickly can do as much 
work in a given time as a large force moving 
slowly, or it can exert equal power. Thus 
a: small motor moving quickly can move a 
train as well as a large motor moving slowly. 
In order to adapt it to the purpose suit- 
able gearing is required, whereas the large 
slow moving motor may be mounted directly 
on the driving axles. 

In the case of tramcars where the speed of 
the driving axle is not so great as with trains, 
and where the available space for the motors is 
extremely limited, the use of gearing is prac- 
tically universal. It was much objected to at 
first on account of the noise made by the 
gearing, and gears with teeth formed of wood, 
hide, or fibre were tried, but improved methods 
of cutting and shaping the teeth have much 
reduced this objection. 

In the case of motors for railway trains 
the question has not yet been definitely 
settled. Direct driving motors are quite prac- 
ticable, especially where the principle of the 
separate locomotive is retained, and con- 
sidering the greater power that is necessary 
the speed of a direct driving motor is fairly 
high. Still even in this case the geared motors 
have the advantage of reduced weight for the 
power exerted, and as the weight of the motors 
is a considerable proportion of the total weight 
to be moved this advantage is of importance. 


UNSPRINGBORNE WEIGHT. 

But another advantage to which attention 
has been recently especially directed is claimed 
for gearing in that by its use a greater 
proportion of the weight of the motor may be 
transmitted through springs to the axles, than 
is possible with direct driving, where the whole 
of the weight of the armature and most of that 
of the field magnets comes directly upon the 
driving axle. The effect of this unspringborne 
weight is to produce a continuous hammering 
action at all joints or inequalities in the rails. 
This hammering certainly tends to increase 
the inequalities, and shortens the life of the 
rails. It also is no doubt injurious to the 
motors themselves, and finally it produces a 
vibration which can be felt at a considerable 
distance from the railway. 

In the case of the Liverpool Overhead Rail- 
way, where the motors are direct driving, the 
magnets, although bearing upon the axles, 
have the weight relieved by springs when the 
car is at rest, but this does not prevent a con- 
siderable blow being imparted to the axle at 
an inequality when running. 

On the City and South London Railway, 
part of the magnet weight is also springborne, 
when considered statically. The prejudicial. 
action, however, is a kinetic and not a static 
effect. Even with the use of gearing each 
part of the motor must maintain an unvarying 
distance from the axle. The motor may turn 
as a whole upon the axle, but the latter cannot 
rise and fall independently and without moving 
the mass of the motor, as in an ordinary 
carriage the axles can move by compressing 
or extending a spring. Any such freedom of 
movement would certainly strip the teeth of 
the gearing. On this account the motor is 
partly carried by bearings on the axle. 

Without gearing, the armature is of course 
entirely on the axle, and the magnets must 
have bearings upon it, since the clearance that 
can be allowed between armature and magnet 
faces is far too small to admit of relative 
motion between the parts. The comparative 
superiority of the geared motor as regards 
hammering is due to its smaller mass and the 
greater distance of this from the axle compared 
with the ungeared motor, but in either case 
the effect of a sudden jolt of the axle is to 
enforce sudden motion on a heavy mass, in 
other words, a blow on the mass and a more 
destructive blow on the axle, transmitted by 
the wheels to the rails. On the Central London 
Railway no attempt was made to relieve this 
hammer effect by means of springs, and there 
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seems to be little doubt that prejudicial results 
have ensued. A remedy must be found, and 
many proposals have been made with this 
view. 

A promising solution of the problem how 
best to reduce the unspringborne mass appears 
to me to be the arrangement adopted by 
Messrs. Ganz and Co., of Buda Pest, for their 
three phase traction equipment. I have a 
model of their device here. It consists in 
mounting the armature of the motor upon a 
hollow cylindrical axis normally concentric 
with the solid axle on which the wheels are 
fixed. The motor and hollow axle are carried 
by the under frame of the motor-car or loco- 
motive, and this is supported through springs 
as usual upon the solid axle. The difference 
between the diameter of the latter and the 
inside diameter of the hollow cylinder amounts 
to several inches, and gives ample freedom of 
movement. The hollow axle has three pro- 
jections symmetrically disposed; to two of 
these connecting rods are attached, while the 
third is for balancing, the connecting rods are 
attached at their other ends to bell cranks 
pivoted on spokes of the driving wheel, and 
these bell cranks are connected by a third rod ; 
the whole forms a jointed system whereby the 
torque is transmitted from the hollow axle to 
the wheel, while allowing considerable relative 
motion between the two axles in a vertical 
direction. 

It will be seen that the mass movement 
involved in a jolt of the wheels over an 
inequality is by this means effectively limited 
to the light connecting rods in addition to the 
movement of the mass of the wheels and axle 
themselves. 

This arrangement appears to be a far more 
complete remedy than the introduction of gear- 
ing ,with its attendant evils of great noise in 
tunnel, loss of efficiency, and extra complica- 
tion. 


Miscellaneous. 
O 


ZHE COAL PRODUCTION OF AUSTRIA. 


A recent report of the Austrian Ministry of Agri- 
culture gives some data relating to the coal industry 
of the Empire in 1899, the latest year for which 
official returns on the subject are available. In that 
year the total number of lignite mines in Austria was 
831, but only 246 of these were worked. The total 
number of persons employed in these mines was 
50,790. The year’s output of lignite was 21,751,794 


JOURNAL OF THE SOCIETY OF ARTS. 


65! 


tons, representing a total value of £3,864,000. Of 
this quantity the State mines at Briix and Hall pro- 
duced 787,821 tons, and the various private concerns, 
20,963,973 tons. In addition there were manufactured 
from lignite 53,027 tons of briquettes. The total ex- 
ports of lignite amounted to 8,669,496 tons exclusive 
of 32,460 tons of briquettes. By far the greater 
portion of these exports went to Germany; Hungary, 
Italy, Switzerland, Bosnia, and Herzegovina taking 
the remainder. The number of mines producing 
bituminous coal was 326, of which only 138 were 
worked during the year under review. The total 
number of workpeople employed in this branch of the 
coal industry was 62,943. The quantity of bituminous 
coal produced was 11,455,138 tons, representing a 
total value of £3,633,000. There were also produced 
1,226,909 tons of coke valued at about £874,000. 
The quantity of coal consumed for this purpose was 
1,941,500 tons, and the percentage of coke obtained 
was 63°19. The exports of bituminous coal amounted 
to 1,239,808 tons, and those of coke to 475,209 tons. 
They went principally to Hungary and the German 
Empire. It will be seen from the above that the total 
annual production of coal in Austria is over 33,000,000 
tons. To this should be added from 7,000,000 to 
8,000,000 tons produced in Hungary, making the 
total production of coal in the Empire about 
41,000,000 tons. As, however, Austria - Hungary 
consumes from 58,000,000 to 62,000,000 tons the 
annual deficit to be made good by importation 
amounts to about 18,000,000 tons. 


Correspondence. 


n 
THE MADRAS PRESIDENCY. 


Sir George King, K.C.I.E., in commenting on the 
delightful paper on Madras recently read before the 
Society of Arts by Mr. T. David Rees, C.I.E., gave 
the credit justly due to that Presidency for having 
given the lead to all the rest of India in establishing 
the first successful organisation for the conservancy of 
the forests of that great and wide extended and 
richly fertile tropical and sub-tropical peninsula. But 
both Mr. Rees and Sir George King have omitted to 
mention a still more important fact to the credit of 
the Madras Presidency—that it was there Sir William 
Fothergill Cooke turned his discovery of the electric 
telegraph to its first practicable form. I told the story 
during the discussion on a forestry paper read before 
our Society by General Michael, C.S.I., in December, 
1894, and it is worth repeating here :— 

“It was fifty years ago [W. F. Cooke, circa, 
1826-32) and more, in the good old days of the East 
India Company, that two young subalterns were 
serving their country in the 39th Madras Native 
Infantry, who both took to what was then considered 
excentrically original lines of work, quite outside the 
ordinary military duties of the time. One of these 
young men was Lieutenant William Fothergill Cooke, 
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wo, after working out his first tentative experiments 
in electric telegraphy by means of wires hung 
round his bungalow, gradually achieved such success 
that he imported his invention into this country, 
where [after studying medicine at Paris and electricity 
under Miincke at Heidelberg], with the assistance of 
Wheatstone, he brought it to such perfection that, in 
1867, he and Wheatstone were jointly awarded the 
Albert Medal of the Society of Arts, and the further 
honour of knighthood was conferred by Her Majesty 
[of ever revered memory] on both of them.” 

This is a fact that should never be forgotten of that 
truly wonderful ‘‘ Southern Satrapy of India,” which 
the jaundiced envy of Bengal and Bombay dis- 
tinguishes as ‘‘ The Benighted Presidency.” 


GEORGE BIRDWOOD. 
8th July, 190r. 


COFFEE CULTIVATION IN BRITISH 
CENTRAL AFRICA, 

To the flowering of coffee the planter looks for a 
forecast of the season’s crop. Naturally one would 
expect this to be correct, but, for several reasons, it 
can not always be depended upon. It is now well 
known that Antestia variegata is responsible for the 
reduction of both the flower and the berries after they 
have been formed. Drought was supposed to do 
considerable damage also, and, in fact, is the reason 
given for the failure of so much crop. I assumed 
this as correct, and, by some notes on the subject to 
the Central African Times, I concluded that, with 
the destruction of Antestia variegata, and a system of 
irrigation, our success in coffee production was 
assured. Now I must admit I have been mislead, 
and, therefore, made a mistake. My views of the 
subject now are that irrigation would do very little 
good, and that it is not the roots that require 
moisture, but the plant above ground. This drought 
which we get occasionally is not directly the cause 
of our failure of crop, or the burnt-up or dead appear- 
ance of our plants, but, of course, it is so indirectly. 

From my observations I with no hesitation declare 
thrips to be almost the sole cause of this damage put 
down to sun and heat. Damage caused by sun and 
heat is relatively immaterial that little account need 
be taken of it. We have thrips every dry season, and 
it is only the want of rain or a drought which helps to 
bring them forth in such vast numbers. At the 
beginning of the dry season they are few and far 
between, but become more conspicuous towards its 
close. Sometime before the wet season commences, 
I should say they are found at the very least to aver- 
age a dozen larve to every leaf, and the whole of the 
underside of that leaf is sucked and discoloured com- 
pletely. The time when the destruction is disastrous 
is immediately after the coffee has flowered. Here 
are tender berries much superior in the estimation 
of thrips to leaves months old, or leaves that they 
have been living on and sucked from the under side, 


giving them the appearance of pieces of brown paper 
hanging from the branches instead of leaves, and now 
discarded for berries. Ultimately these leaves fall off, 
leaving the branch and berries black and dead. 

Thrips are first seen as minute red insects generally 
with a drop of dark fluid or excrement attached to 
their abdomen; they afterwards change to a lighter 
green than the colour of the leaf; a few of the 
imago or perfect insect with wings and dark body 
are also observed. The elongate abdomen of the 
larvee gives them the appearance of minute worms or 
caterpillars. In fact there is sometimes seen on the 
coffee leaves a grub resembling them which is not 
unlike the larva of a fly. Wherever they are they 
darken the leaf, tender stem, and berries by their 
puncture and excrement. 

As to the possibility and feasibility of destroying 
or keeping thrips in check by hand picking in their 
initial stages. I am not in a position to say at 
present. 

Besides hand-picking we have another alternative ; 
we are aware that some seasons we get a shower 
every month; those showers and everything else 
being favourable we get a good crop; in other- seasons 
these beneficial showers fail to come, and our crop is 
more or less a failure. Now those monthly 
showers have been the means of keeping the 
thrips in check. Likewise the wet season almost 
completely overwhelm them. From these facts we 
may conclude that spraying with a syringe or a 
garden engine is the next best thing, and with the 
addition of tobacco juice or any other insecticide 
less spraying may be required. 

There can be little doubt as to thrips being indi- 
genous, and possibly new to science. The nearest 
approach I can get to the species of thrips on coffee, 
is one found on grass, which may be the same species 
or quite different. To me it appears smaller or 
shorter. The result of thrips on grass is that they 
are accompanied by a fungus. This fungus is red, 
and can be easily noticed; it is on the under side 
of the blade, but can be seen from the top, so that 
grass with thrips can be easily detected. This grass 
had not been burnt in the previous year with bush 
fires; on grass that had been burnt, or grass grown 
from seed, I have not noticed them. The appearance 
of this fungus in most cases resembles the larve of 
thrips in their red stage. 

The next nearest approach to the species found on 
coffee is one found on a shrub, Déssotis princeps, 
growing in our marshes. 

Thrips belong to the Thysanoptera order, and like 
our plant bugs imbibe the juice of plants by suction. 

At the recommendation of Dr. Sharp, F.R.S., 
Cambridge University, I have sent all the specimens 
of thrips, &c., to Miss Embleton, Balfour Laboratory 
of the above University, for identification, and any 
advice which may be of use to us in the matter. 


KENNETH J. CAMERON. 


Namasi, 
Feb. 26th, or. 
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Notices. 
ee 


EXAMINA TIONS. 


The dates fixed for the Examinations in 1902 
(General Examination, Grade II., and Pre- 
liminary Examinations, Grade I.), are Monday, 
Tuesday, Wednesday, and Thursday, April 
14th, 15th, 16th, and 17th. 

The Programme for 1902 is in preparation, 
and will shortly be issued. The results of the 
Examinations held at the end of last March, 
have been putlished. Copies for gratuitous 
distribution to cach candidate who attended 
the examination have been sent to all centres. 
Additional copies can be obtained, price, 
Grade II., 6d.; and Grade I., 3d. each. 


Proceedings of the Society. 
—___$__——-__-__. 
CANTOR LECTURES. 


ELECTRIC RAILWAYS. 
By MAJOR P. CARDEW. 


Lecture Il.—Delivered March 18, 1901. 


POLYPHASE SYSTEM. 


We will next turn our attention to the poly- 
phase current traction system which is in 
operation on several Swiss railways, and 
has been very completely worked out by 
Messrs. Ganz and Co. fora line in Italy now 
being equipped. Although only recently deve- 
loped this system appears likely to occupy the 
field of electric traction, at any rate on long 
distance lines. 

The term polyphase current is applied to 
alternating currents transmitted through several 
conductors, the current in each conductor 
having the same frequency as, and a definite 
phase relation to, the currents in the other con- 
ductors. 
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Alternating currents as has been stated 
reverse in direction many times per second, 
varying from a maximum in one direction to a 
maximum in the other by continuous incre- 
ment and decrement. 

The time which elapses between the succes- 
sive maxima in one direction is called the 
‘“ period” of the current, and the number of 
periods per second is the ‘‘ frequency.” 

When currents having the same frequency 
attain their similar maxima at the same instant 
they are said to be “in phase” with each 
other. When this is not the case they are 
‘‘out of phase,’’ but they have a definite 
‘‘phase relation.’ Currents not having the 
same frequency have no definite phase relation. 

In practice, the currents are derived from 
one generator, or from several generators 
working in ‘ parallel,” although it is possible 
to produce polyphase current by means of two 
or more generators mechanically connected. 

This species of electric current does not 
require a generator differing to any degree in 
principle from the ordinary continuous current 
generator, or the ordinary alternating 
current generator. In fact, identically the 
same machine can be arranged to produce 
any variety of current whether continuous, 
simple alternating, two phase, three phase, 
&e. 

Our concern at present, however, is rather 
with the motor than the generator. Now there 
are two kinds of polyphase motor—one kind is 
exactly similar to a generator as in the case of 
continuous currents. A machine of this nature 
generally has a magnetic field provided 
by a continuous current, and the machine 
has the additional drawback that it is not 
self-starting under load, but requires to 
be run up to the same speed as it would 
have to be run as a generator to produce 
a current of the same frequency as it is receiv- 
ing. It is hence called a synchronous motor. 
For these reasons the type of machine is not 
suitable for traction and we need not further 
consider it. 


INDUCTION MOTOR. 

The other kind of motor is known as the 
asynchronous or induction motor. It is self- 
starting under load and has a torque very 
nearly equal to that of a continuous current 
motor under similar conditions. In these 
machines no continuous current is required and 
there is no magnetic field fixed in space. They 
have it is true a fixed anda moving portion, 
but the fixed portion (called the stator) is sup- 


654 


JOURNAL OF THE SOCIETY OF ARTS. 


[Fuly 19, 1901. 


plied with the polyphase currents, while the 
rotating portion (or rotor) receives no current 
from outside, but on the contrary has currents 
generated in its own coils by induction. The 
principle of action is that the polyphase current 
produces a magnetic field in the stator which 
rotates at a speed proportional to the frequency 
of alternation of the current. 

The coils of the rotor are generally connected 
to insulated rings on the axle in order that the 
currents generated may pass through variable 
external resistances. Now, when the rotating 
field of force is acting upon the rotor its coils 
acquire E.M.F. exactly as if the field of the 


greater. This rather curious fact arises from 
the laws of alternating current, and cannot be 
fully explained without discussing the full 
theory of the subject. It must suffice to state 
that the waves of current in stator and rotor 
would be out of adjustment for production of 
force. 

It would, of course, be necessary to provide 
the turning force of an engine to rotate the 
rotor coils in a fixed field of force, and produce 
the energy running to waste, and the turning 
force of the engine when the motion was 
uniform would be opposed by an equal turning 
force in the opposite direction in the coils. 


Load or Torque 


100 


NSS 


Standstill 


Fic. 1. 


stator were fixed and the rotor were turning in | 


this field of force with the same velocity but in 
the contrary direction to the rotation of the 
field. It is the relative motion between the 
field and the coils which generates E.M.F. 
Current is, therefore, caused to flow in the 
circuit consisting of the rotor coils and the 
external resistances, energy being thereby 
wasted by degradation to heat. 

Although some energy is wasted in external 
resistances, still the loss would be greater 
were no resistances used, and, moreover, the 
starting torque obtained would be much 
smaller, although the rotor current would be 


By means of the rotating field in the stator 
produced by the polyphase current we have, 
therefore, obtained an effect in the rotor 
equivalent to forcibly turning it in the opposite 
direction by an engine, consequently the force 
with which it would oppose the turning effort 
of the engine exists in the rotor, and unless it 
is opposed by an equal force will cause the 
rotor to turn in the opposite direction to that 
of the generation in a fixed field, z.e., in the 
same direction as the rotating field. Thus we 
see the cause of the torque in an induction 
motor. 

When the rotor is turning the relative motion 
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between the rotating field and the rotor coils is 
diminished, because they are turning in the 
same direction, consequently the current pro- 
duced by the rotor tends to fall off, but it can 
be maintained at full strength by reducing 
the external resistance until the speed of the 
rotor has attained very nearly synchronism, or 
a speed equal to that of the rotating field in 
the stator when the external resistances are 
entirely cut out, and the rotor coils short 
circuited upon themselves. 

You must therefore consider the rotor of an 
induction motor as an_ electro - magnetic 
mechanical appliance which receives energy 
by induction, as it is called, from the stator, 
wastes part of that energy, like all other 
machines by converting it into heat, and gives 
out mechanical power by means of the rest of 
it. It cannot quite run up to synchronism, 
even when unloaded, beause of friction and 
other opposing forces; there must always be a 


slight slip or deficiency in speed. On the 
other hand, a very slight slip develops a con- 
siderable torque; but there is a limit to the 
increase of torque with increased slip. If the 
motor be overloaded until the slip exceeds 
about 15 per cent. with a short-circuited rotor, 
it will stop. 

A greater slip, or, in other words, reduced 
speed, can be obtained by again inserting re- 
sistance in the rotor circuit, but at the expense 
of efficiency. The diagram® Fig. 1 (p. 654) shews 
the torque obtained at various speeds expressed 
in per-centages of slip (100 per cent. slip being 
stand-still), and with various resistances ex- 
ternal to the rotor expressed as multiples of 
the rotor resistance. 

Naturally, in practice, care is taken that the 
greatest possible load that can be applied to 


® This and several other of the diagrams shewa have been 
reproduced from Professsor Wilson’s paper on “Polyphase 
Electric Traction,” by kind permission of the Institution of 
Mechanical Engineers. 
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-classes of motor. 


the motor is far below breaking-down point. 
On the Valtellina Railway, in Italy, now being 
equipped on the three phase system by Messrs. 
Ganz and Co., the maximum working torque 
does not exceed 3 of the break-down torque. 
In fact, the break-down point cannot be 
reached, for the wheels would skid first. 

The diagram of torque supposes that the 
supply to the stator is maintained at a constant 
pressure. If this pressure be increased, the 
break-down load and the torque at any slip is 
also increased. In fact the torque varies as 
the square of the pressure of supply, a very 
important law. 


DIFFERENCES BETWEEN CONTINUOUS AND 
POLYPHASE MOTORS. 


Looking at things from the point of view of 
practical traction requirements, the chief points 
of difference between the continuous current 
and the polyphase motor are :— 


Number of 16ton Cara 


Fic. 3. 


1. That with the continuous current motor 
the speed depends upon the electrical pressure 
of supply and the load. For a steady load the 
speed increases proportionally to the pressure ; 
for a steady pressure the speed may be reduced 
considerably by increasing the load. With 
the polyphase motor, on the other hand, the 
speed within practical limits is nearly exactly 
determined by the frequency, or, in other 
words, by the speed of the generators, and is 
very slightly reduced by increase of load. 
The diagrams, Figs. 2 and 3, well exemplify 
the difference of behaviour in respect to varia- 
tion of speed under varying load of the two 
The short lines cutting the 
curves give the maximum rated load. 

2. That in the continuous current motor the 
supply current must traverse the armature 
entering by the brushes and the commutator. 
The pressure of supply must on this account 
be limited to avoid damage. Even in the case 
of large continuous current generators a high 
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pressure is a difficulty, and this difficulty is 
much increased in a motor which has to be 
fitted into a small space and is exposed to 
weather. The controlling arrangements would 
also become impracticable with a high pressure. 
On the other hand, in the polyphase motor the 
supply current traverses the stator coils only, 
and no commutation or variation of this 
circuit is necessary. A high pressure is, 
therefore, perfectly practicable. 

The question of efficiency must next be con- 
sidered. We have seen that in the case of the 
continuous current motor the efficiency, or 
proportion which the power given out bears to 
that absorbed, varies from “o” at starting 
to, say, gO per cent. at full speed. The 
polypbase motor is much the same in this 
respect, although the curve of efficiency is rather 
different, being affected by the lag of the wave 
of current behind that of pressure which must 
always be considered when dealing with alter- 
nating currents supplying induction motors. 
We have also seen how the inefficiency of 
starting is reduced by the series parallel 
system of control. A somewhat similar system 
has been worked out for polyphase traction. 
It depends upon these facts. 


CASCADE CONNECTION. 


When a polyphase motor is running at syn- 
chronous speed no E.M.F. is produced in the 
rotor because there is no relative motion 
between the coils of wire and the rotating field, 
but when “slip” exists E.M.F. is produced, 
the frequency of this E.M.F. being the same 
proportion of that of the supply as the slip is 
of the speed of synchronism. Thus if there be 
a 10 per cent. slip the frequency of the rotor 
E.M.F. and current will be 1-1oth that of the 
supplied power. 

Now if the rotor instead of being connected 
to a variable rheostat is connected to the stator 
of a second motor before starting, it will gene- 
rate currents in this stator at a frequency pro- 
portional to the slip, z.e., starting at that of 
the supply and becoming slower as the motors 
speed up. The second rotor being connected 
to an external resistance will generate current 
at a frequency proportional to its slip. 

Now suppose the motors to be mechanically 
connected so that both motors must move at 
the same speed, and let this speed be one half 
the synchronous speed for the first motor. 
Under these conditions the slip of the first 
motor is 50 pcr cent., the frequency of the 
current supplied by it to the second motor is 
onc half that of the supply current, and the 


slip of the second motor is zero or it is running 
at synchronous speed. No current will there- 
fore be passing in its rotor even if short-cir- 
cuited. But what of the current from the rotor 
of the first motor? This is choked back by 
counter E.M.F. exactly as with one motor the 
supply current is choked back when synchro- 
nism is attained, thus there will only be a very 
small current. 

In short, it will be evident that with two 
motors connected as described, half speed is 
the limit to which they tend, exactly as in 
the case of two continuous current motors in 
series. It will be observed, however, that 
whereas with continuous current motors in 
series, each motor received half the energy 
directly from the supply, with polyphase 
motors in ‘‘ cascade,” as it is termed, the 
whole energy is taken by the stator of the 
first motor, and transmitted inductively to 
its rotor, which applies one half mechanically 
to the axle, and transmits the other half 
electrically to the second motor. 

In order to accelerate from half to full 
speed, it is not practicable to put the motors 
in parallel, because the second motor is not 
wound to take the high pressure of the supply, 
for it would not be expedient to generate 
high pressure in the rotor of the first motor. 
The practice is, therefore, to disconnect the 
second motor at half speed, substituting a 
rheostat, and letting the first motor do all 
the work. The torque obtainable is therefore 
less for the second period of acceleration. 
The efficiency is suddenly reduced when the 
change is made, just as in the change from 
series to parallel, with continuous current 
motors, and increases again with the speed. 

The diagram, Fig. 4, (p. 257) show the 
maximum power, total energy, and time re- 
quired to attain two different speeds according 
to Messrs. Ganz and Co., assuming that the 
automatic rheostat is set to give the best result. 

These quantities are connected by the follow- 
ing relationships, neglecting the resistance to 
motion due to friction and air displacement, 
and considering merely the acceleration of the 
mass of the train :— 

1. The maximum power taken is proportional 
to the rate of acceleration and the maximum 
speed required. 

2. The total energy required varies as the 
square of the speed attained and is in- 
dependent of the acceleration. 

These laws are modified by the variation of 
the resistances to motion. These certainly 
increase with the speed and a great many 
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formulz have been suggested to express the 
connection between speed and resistance. No 
simple relationship appears to hold through a 
wide range of velocity. The frictional resist- 
ance is distinctly greater at the moment of 
starting from rest than when the train is 
running, and is probably less at very high than 
at moderate speed if the lubrication is efficient, 
on the other hand, the air resistance increases 
very rapidly with the speed. 

It may be thought that it is not worth 
while to carry about a secondary set of heavy 
motors, in order to obtain increased efficiency 
in starting, or that it might be better to 
retain the motors, winding and using them 
as primary motors, and thus obtain increased 
acceleration, but we have not yet realised the 
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case of a shunt or separately excited con- 
tinuous current motor, and the action is more 
easily grasped in this case, because the con- 
tinuous current armature takes current from 
the supply as a motor and returns current as 
a generator. But the polyphase rotor does 
not receive current directly from the supply, 
being completely insulated from it, neverthe- 
less current flows in its own circuit. This 
current, however, when it is acting as a 
motor, is derived by induction from the primary 
current, and the greater the induced current 
the greater the primary current; but when 
acting as a generator, the rotor current 
actually becomes the primary source of energy, 
and nearly reverses the phase of the supply 
current, so that the current from the stator is 
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full advantage of the ‘‘cascade ” connection. 
We have seen that a polyphase motor tends 
to synchronous speed, but can never quite 
reach it so long as it has to provide mecha- 
nical power. If, however, as is the case on 
down grades, when the slope is such that the 
force of gravity acting in the direction of 
motion exceeds the retarding forces of friction 
and air resistance, the motor has not to provide 
power, but is accelerated above the speed of 
synchronism, it begins to act as a generator 
and return electric power to the supply circuit. 
It takes the power required for generation from 
the axle, on which it therefore exerts a retarding 
force or negative torque. 

We have seen the analogous action in the 


opposed to the impressed E.M.F. The diagram 
Fig. 5 (p. 658) shows the variation of the total 
current and of the energy producing or restoring 
current at speeds below and above synchro- 
nism, which is at the point A on the line of 
speed. Energy is consumed by the motor up 
to this point, although no external work is done 
by it beyond the point cC on account of its 
internal losses. In polyphase traction, there- 
fore, the train is compelled to a practically 
constant speed up-hill, down-hill, or on the 
level. It is out of the power of the driver 
to endanger the lives of the passengers by 
running a an cxcessive speed to ‘‘ make 
up time.’ 

By the ‘‘cascade’’ connection principle, this 
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braking action, with return of energy to the 
line, is available not only down steep grades, 
but whenever a reduction of speed is necessary, 
whether for stopping at a station or slowing for 
signals, and from full speed to nearly half 
speed. The amount of energy returned is 
about 16 per cent. of that used for acceleration 
on the level, or about 30 per cent. of the kinetic 
energy of the train, and the efficiency of the 
system “is on this account certainly greater 
than what can be possibly obtained with series 
woued continuous current motors. If the 
traffic can be so arranged, the best advantage 
will be obtained by starting a train on the up 
line just as an incoming train on the down line 
begins to slow down, and as the running time 
on the polyphase system is absolutely fixed, 
such working is quite possible. 


REGION OF WATT CURRENT 
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retained, and allowing the train to gradually 
reduce speed through friction and mounting 
grades. 

This practice, however, may obviously lead 
to considerable variation in the time schedule, 
and can only be advantageously used by a 
very careful driver with a thorough knowledge 
of the road. 


REVERSING. 


With continuous current reversal of motion 
is effected by reversing the connections of the 
armature brushes, but with polyphase motors 
no alteration of rotor connection will cause 
reversal since the motion is a consequence of 
the rotating field of the stator, and it is 
necessary to reverse the connections of two 
of the wires bringing in the line currents to 
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The braking action at high speeds has other — 


advantages over mechanical braking in that 
the wheels cannot be skidded and the destruc- 
tive action on both wheels and rails is much 
reduced. 


COABTING. 
In comparing the “cascade” system with 


the ordinary continuous current system, it~ 


must be pointed out that although with the 
latter no réturn of energy to the supply is 
possible, a considerable proportion of the 
kinetic energy developed by acceleration in the 
train may be utilised by an experienced driver 
by “coasting,” z.e., by cutting off the power 


completely shortly after full speed has been. 


the stator, in order to produce a reversal of 
the direction of rotation of the magnetic field. 


FREQUENCY. 

The question of frequency is an important 
one in connection with polyphase traction. 
We cannot discuss it fully here, but I may 
state generally that the frequency should be 
kept low, especially when the ‘‘cascade’”’ 
connection is employed. On the other hand, 
low frequency increases the weight and expense 
of motors, and brings in difficulties with regard 
to electric lighting. 


LIGHTING. 
The frequency adopted by Messrs. Ganz 
atid Co. is 15 periods, which is far below that 
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at which it is possible to use any separate 
phase of current for lighting, because the 
blinking effect caused by the waves of current 
is painfully perceptible. 

In order to prevent this, they propose to use 
a three-phase lamp, having three filaments all 
united together at one extremity, while the 
other ends are connected to separate leading 
in wires. In such a lamp, the total light is 
constant, although the emission from each fila- 
ment is fluctuating, and if an obscured globe 
be used, these fluctuations cannot be noticed. 
It is, however, preferable for train lighting, 
to ensure a constant steady light by the use 
of a small accumulator battery, charged during 
running by means of a motor generator. 
The same motor which is used for the. air 
compression for the brake, can also do this 
work. 


CONTROLLING. 


The controlling arrangements for the poly- 
phase ‘‘cascade’’ system have to provide 
for :— 

(a.) The connection of the stator coils of 
the primary motor to the source of supply, 
and for reversing these connections for run- 
ning backwards. This is effected by means of 
a separate plunger switch having six plungers. 

(4.) The connection of the rotor of the 
primary to the stator of the secondary motor. 

(c.) The connection of the rotor of the 
Secondary motor to a variable rheostat, and 
the gradual reduction of the external resistance 
to zero. 

(d.) The cutting out of secondary motor and 
substitution of the rheostat for it, in circuit with 
the rotor of primary motor, and the gradual 
reduction of external resistance as before. 

(e.) The cutting in of secondary motor, with 
rheostat connected to its retor, and the gradual 
reduction of resistance as before. 

(7.) The cutting off of the supply current. 

I have not time to enter minutely into 
the details of these arrangements, but the 
following are very important items on the 
system :— 

(1.) The whole control is effected by means 
of compressed air, so that the driver cannot 
possibly get a shock by manipulating a switch. 

(2.) The rate of cutting-out resistances in the 
rheostat is limited by means of a valve regu- 
lating the flow of compressed air; and this 
valve can be set after determining the best 
rate, so that the driver cannot waste power by 
cutting out too fast, or lose time by cutting 
out too slow. 


(3.) The rheostat is not, as in other cases, 
formed of wire resistance, but of iron plates 
above an alkaline solution, which is forced up 
by means of compressed air into contact with 
the plates, reducing the resistance as it 
mounts higher; and the plates are so shaped 
that the immersed surface increases rapidly as 
the liquid rises; the effect being to maintain 
the starting torque uniform up to full speed. 

The above-mentioned controlling arrange- 
ments admit of several pairs of motors being 
worked from one end of the train. In fact, the 
multiple unit principle has been thoroughly 
worked out with the compressed air system of 
control. 


LINE EQUIPMENT AND CONTACT DEVICES. 


Having thus glanced at the principal 
features of the continuous and polyphase 
current motors and their controllers, we must 
next obtain some idea of the line equipment or 
arrangements for bringing the electrical power 
within reach of the train, and the contact 
devices by which it is delivered to the train. 

The idea of all electric traction systems 
using energy transmitted to a distance is to 
equip the line with one or more continuous in- 
sulated conductors, kept charged by the 
generating station, and with which one or 
more insulated conductors attached to the 
train or vehicle make continuous sliding or 
rolling contact. On tramways we. have the 
ordinary trolley wire, or the conductors in a 
conduit, or the surface contact studs, which 
are successively connected to the continuous 
charged conductor as the car comes over 
them. On railways the amount of current 
which has to be collected has required a 
larger conductor than a trolley wire, and the 
usual system has been the third rail, as it is 
called, being an insulated rail, generally of 
channel iron, supported on insulators, placed 
either between the running rails, or, especially 
when two insulated rails have been used, on 
each side of the running rails. 

So far, porcelain insulators have answered 
best, but the material is, of course, brittle, and 
a moulded insulator of material similar to that 
used for trolley wire insulators has been 
recently introduced. The insulated rails are 
made in lengths of from 3oft. to 6o0ft., and 
each length is bonded to the next. 


BONDING. 
Bonding is necessary to ensure sufficient cons 
ductivity at the joints. When a current flows 
along a metallic conductor the resistance 
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depends upon the cross section and specific 
conductivity of the metallic conductor, but 
when the current passes from one conductor to 
another in contact with it there is a special 
resistance at the surface of contact depending 
upon the extent of this surface, the nearness 
of the opposed surfaces, and the force with 
which they are pressed together. In the case 
of iron or steel rails copper bonds are generally 
employed. These consist of a copper con- 
ductor often made flexible to provide for the 
slight relative. motion of the ends of the rails 
caused by the passing weights and by ex- 
pansion and contraction with change of tem- 
perature. The copper conductor spans the 
gap between the rails, and is furnished with two 
large terminals which pass through holes in 
the web of the rail, which are rimered out clean 
just before the bond is put in. These ter- 
minals are then expanded with considerable 
force so as to drive the metal of the terminal 
into intimate contact with that of the rail, 
either by hammering a steel conical pin into a 
small hole passing through the centre of the 
terminal, or in the case of large bonds as used 
for railway work, hydraulic pressure is used to 
expand the terminal as in rivetting. 

The single rail system, with running rails as 
return, has been adopted on the Liverpool 
Overhead, City. and South London, and 
Central London Railways, the double rail 
system was used on the experimental line on 
the District Railway. Along these rails slide 
several insulated iron shoes, attached to the 
train to collect the current for the motors. 

The insulated charged rail, although it 
appears the most practical device, is not with- 
out certain disadvantages. It encumbers the 
permanent way to some extent, and owing to 
its proximity to the running rails, short circuits, 
caused by crowbars or other pieces of metal 
falling across the two, are not infrequent. The 
employés are liable to get shocks and burns, 
which are not generally serious, but may cause 
injury, and there have been one or two fatal 
accidents. The insulation also is not per- 
fect, and it is affected considerably by the 
weather. The possibility of danger is much 
reduced by the use of two insulated con- 
ductors. On the other hand, the inconveni- 
ence is increased. 

In the case of the South London Railway, 
I suggested that a strip of wood should be 
provided at stations to guard the charged rail, 
so that inquisitive passengers should not be 
able to touch it with umbrellas, and possibly 
sustain a shock sufficient to cause them to fall 


on to the line. These wooden protectors have 
been used in several instances. 
For reasons of safety it would be much pre- 


ferable to put the insulated conductors over- 


head, as in the case of tramways, but as the 
current collected from these conductors by one 
heavy train may exceed 2,000 amperes, this is 
impracticable with the continuous current 
system. 

With the polyphase current, however, no 
such limitation of pressure is necessary, as the 
stator coils can be safely wound for high pres- 
sure. On the other hand, two insulated wires 
are necessary, as well as the usc of the rails to 
form the third conductor. Messrs. Ganz use 
3,000 volts with their system, and the insulated 
conductors are ordinary trolley wires suspended 
overhead. Instead of 2,000 amperes at 500 
volts continuous current, less than 250 amperes 
are required at 3,000 volts three phase, and the 
collection of the current at this pressure is 
easily effected. 

There is, however, one very important con- 
sideration, viz., public safety. Five hundred 
volts may under certain conditions cause 
serious injury, or even death, but the slight 
contact which is generally made by an acci- 
dental touch does not produce a serious shock. 
No one, however, can trifle with 3,000 volts. 

The Board of Trade regulations prescribe 
an insulating coating for wires charged to this 
pressure, which would of course prevent their 
use for this purpose, but these regulations are 
concerned with wires erected in the public 
streets, and carried over houses, past windows, 
&c., where they may be accessible, or where 
other wires may get into contact with them.. 
The case is very different on a line of railway. 
to which the public have no right of access, 
and which is, in any case, a dangerous place 
for a stroll. | 


SAFETY DEVICE. 

So long as the wires remain suspended, they 
are well out of reach, and in order to provide 
against danger from a broken wire, an arrange- 
ment has been devised, whereby any broken 
wire must be brought into contact with 
an earthed conductor before it can fall 
within reach, the short circuit thus pro- 
duced causing the cut-out to act, and dis- 
connect the wire from the charged circuit. 
This device will also act should a wire by 
stretching, or by the failure of an insulator, 
droop below its proper position. 

On the whole, I consider the danger from 
properly crected and guarded wires at 3,000 


July 19, 1901.) 


JOURNAL OF THE SOCIETY OF ARTS. 


661 


volts along a railway, is no greater than that 
. from a charged railat 500 volts put between 
the running rails, or in the 6 ft. way. 


RETURN CONDUCTOR. 


The question of the use of rnnning rails as 
part of the circuit has been. lately very hotly 
debated. There is no doubt that if this use is 
not strictly limited it will cause trouble from 
electrolytic action on pipes and other metallic 
bodies or structures laid underground, and also 
that it may interfere with and disturb other 
electrical circuits using the earth, or the deli- 
cate instruments of magnetic observatories. 

The Board of Trade regulations prescribe a 
strict limit to the fall of potential on the rails, 
which must not be allowed to reach 7 volts. 
The only practical way to work within these 
limits with the large currents required on rail- 
ways with the continuous current system is to 
tap off the current from the rails at numerous 
points at short distances apart. In fact the 
rails must be used rather for the collection 
than the transmission of current. 

This tapping off of current is automatically 
effected by an arrangement first suggested by 
myself and now much used on electric tram- 
ways. Each section of line is supplied from 
the generating or sub-station by means of a 
pair of feeders, one from the insulated rail or 
other conductor and the other for the return 
current from the rails. These feeders are con- 
nected at the station to a dynamo called a 
Booster, the line feeder being connected to 
the magnetising coil and the return feeder to 
the armature. The dynamo is kept revolving 
at a constant speed by means of a motor. 

When there is no train upon the section of 
line and, therefore, no current passing in the 
line feeder, the dynamo does not generate 
E.M.F., but when current is passing in the 
line feeder a magnetic field and, therefore, an 
E.M.F.is produced proportional to the amount 
of current. This E.M.F. is in such a direc- 
tion as to increase the current which would 
otherwise naturally flow in the return feeder, 
and it may be so adjusted that all the return 
current will take this path. It appears 
curious at first sight, but it is a fact that 
this limit of fall of potential is almost as 
troublesome in the case of the 3,000 volts 
system as when the pressure is only 500 volts 
in spite of the much smaller current used. 
The reasons for this are as follows :— 

In the first place the resistance offered by 
iron rails to alternating current is much greater 
than to continuous. It appears to be about 


two-and-a-half times as great even with the 
low frequency of 15. Secondly, 7 volts is a 
much greater proportion of 500 than it is of 
3,000, and it is therefore much nearer to the 
limit which would be worked to were economy 
of distribution the only consideration. 

It is true that the electrolytic effect of alter- 
nating current is far less than that of con- 
tinuous, while as regards disturbance an alter- 
nating current of 15 periods is as little dis- 
turbing to any instrument or circuit at present 
in use as any form of current can be, so that 
it may be possible to allow some extension of 
the limit laid down in the case of such currents. 
But the general opinion as regards the Board 
of Trade regulations has lately rather inclined 
to the view that it is unduly lenient—a great 
change from my time—so that I think the 
alternating current people had better be pre- 
pared to work to the limit now laid down if 
the rails are used as a return. It is very 
doubtful whether in the case of full scale rail- 
ways at any rate it will be practicable to make 
much use of the rails. It will certainly be 
uneconomical to do so if a satisfactory means 
of providing a completely insulated circuit can 
be devised. 

With continuous current and low pressure, 
the use of two insulated rails for each line 
laid in the permanent way is a considerable 
objection, but the chief difficulty to be overcome 
is in providing for points and crossings where 
both insulated rails have to be discontinued. 

With polyphase current and two overhead 
wires, one wire alone has to be discontinucd, 
and the train can get one phase of current so 
long as the rails are used as a conductor. In 
this case, however, it seems quite practicable to 
provide for the return a fairly-insulated copper 
conductor in the permanent way to be rubbed 
by shoes attached to the train, and the breaks in 
this conductor at crossings need only be short 
ones. This conductor would be connected to 
earth at each transforming station, so that 
very moderate iusulation would suffice, and no 
shock from it need be apprehended. 


GANZ’S TROLLEY POLE. 


The contact device proposed by Messrs. 
Ganz is a kind of double trolley-pole, carrying 
elongated rollers, one for each wire. The 
wires therefore need not exactly follow a curve, 
but can take it by successive angular changcs 
of direction, and shift along the rollers. The 
trolley-poles are mounted on the roof of the 
motor coaches, and are hinged to lie flat on 
the roof, but are elevated to the required angle 
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by means of springs. These springs are ex- 
tended by a piston actuated by compressed 
air, so that at any time contact with the high 
pressure wires can be broken by releasing this 
air-pressure, and can be re-made without ex- 
posing the driver to the slighest risk of getting 
a shock. 

It is further provided that the key to give 
access to the high pressure apparatus is only 
available for use when the valve controlling 
this piston is open, so that there is no possi- 
bility of any connection with charged wires. 


Miscellaneous. 
a.. aaa 
THE VALUATION OF SUGAR CANES. 
By FRANCIS N. G. GILL. 


The most obscure point in the valuation of sugar 
canes is the assessment of their yield in white, dry 
sugar, and as such yield is the basis of valuation ot 
any raw sugar—as jaggery or muscovado—which 
may, in the first place, be manufactured from the 
cane, the point is a most important one, but hitherto 
its importance has not prevented its being entirely 
ignored, even by specialists working under Government 
auspices in the East and West Indies. The reason, 
no doubt, is owing to the difficulty hitherto felt in 
making any satisfactory assessment, as it has been 
accepted that the quantity of treacle which would be 
separated in manufacture was dependent mainly on 
the amount of the “ash” and “glucose” in the 
juice, or on the amount and constitution of the “ ash ” 
and ‘‘unknown,” and none of the mélassigéne 
coefficients, from time to time recommended, would 
give results in any degree concordant with pro- 
babilities or even possibilities over any considerable 
range of sugar-house products. Of the coeffrients 
recommended, those of 1 for glucose and 3°5 for ash 
(less sand, if any) were the best for cane juice, and its 
products down to a polarisation of about 80, but for 
products lower than this they became rapidly less 
applicable, till, at last, in treacle there might be 
actually less sugar than two-thirds of the weight of 
glucose present, to say nothing about the mélassigéne 
value of the ash. In any case, the application of 
mélassigéne values for glucose and ash necessitated 
a complete analysis of the juice, which is not always 
convenient or possible, as, for instance, in the valua- 
tinn of a party’s cane delivered at a central factory. 

Owing to the want of a practical method of arriving 
at the refining value of cane juices and their products, 
the analyses have, hitherto, had to be stated in terms 
of ultimate constituents, as ‘‘saccharose’’ (or 
“ sucrose ’’), “glucose,” “ash,” “unknown,” and 
“ water,” instead of in terms of proximate con- 
stituents, as ‘‘ sugar ” (properly so called), “ treacle,” 
and “water; ” and, in consequence, the conven- 
tional analyses have been more or less obscure 


even to the chemical sugar expert, and of little value 
beyond affording a rough means of comparing 
qualities of different juices, &c., between themselves — 
anything like an absolute valuation on their basis be- 
ing cumbersome, where possible. 

On the face of it, what the technical analysis is con- 
cerned in is the sugar and the treacle which may be 
won from a cane juice or its products—by ‘‘ sugar ”® 
there being meant white, dry sugar, and by “‘ treacle,” 
the mother liquor exhausted of all practically 
crystallisable sugar. The sugar which may be won 
will be the sugar existing in the juice less that spoiled 
and lost in manufacture. Concerning the spoiling of 
the sugar, there are two ways in which this occurs: 
(1) by inversion of the sugar and association of 
sugar with the resulting glucose, especially in 
open boiling, and (2) by association of saline and 
earthy bodies with the sugar; and concerning 
the loss in manufacture, there are two ways also, 
in which this may occur: (1) by losses, together 
with that of treacle, in the wastes, such as scums and 
wash-waters, and (2) by sugar being carried away in 
excess by the treacle because this contains an excessive 
quantity of water, as is especially the case in the 
ordinary muscovado treacle of the West Indies, which 
is separated from the rough, raw sugar by simple 
draining and where, consequently, the concentration 
of the massecuite cannot be pushed so far as in the 
case of the treacle being separated under centrifugal 
force as where centrifugal machines are used for the 
separation of the treacle. 

The following are analyses of cane treacle. Those 
from vacuum and centrifugal working are by the 
writer, and the Indian are of treacles as turned out by 
him in factory working on a large scale; and that 
from open boiling and draining is an average taken 
from Mr. F. Watts’ “ Introductory Manual for Sugar 
Growers ” :— 


Open 


Vacuum and centrifugal working. ae 


draining. 


į Refin- | Direct 
Direct from cane working. |ing raw from cane 


cane | working. 
—_—_—— sugar. | West 
Indian, | Jamaican Indian.| Indies. 
Speci- | Ordin- | Ordin- | Ordin- 
_ Exhausted... ally. arily. | arily. | arily. 
t 
ARPiide 86's | 82's 80°o 78°8 76°§ 
Saccharose.| 27°4 36'5 382 42°0 45°0 
Glucose......| 45°2 37°2 33 2 30°6 20°0 
Ash 4... woes 5°48 4°5 49 3°13 4°0 
Unknown...| 8°42 4°3 4°5t 3°07 7'5 
Water, f 
Apparent.) 13°50] 175 20'CO 21°20 23°5 
100°00 | 100°0 īco'co | 100°00 | 100°0 


° The Agricultural Department, West Indies, uses the term 
“sugar” or ‘available sugar” to mean muscovado sugar, 
which is a coarse, raw sugar obtained by “‘ open boiling ” and 
draining, and consists really of anything from 75 per cent. 
sugar and 25 per cent. treacle to 90 per ccm‘. sugar and 
10 per cent, treacle. 
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It will be seen that the most marked and constant 
relation between sugar withheld from crystallisation 
to the other constituents of the treacle is sugar to 
water present —sugar very nearly twice the weight of 
the water, and that too when the water varies from 
13°§ to 21°0 (restricting this observation to actual 
analyses made). Further, the analyses indicate that 
Ig per cent. water and thence 30 per cent. sugar 
would be a practically extreme point to work down to 
in the exhaustion of a cane treacle, and that for 
ordinary working there should not be more than 20 
per cent. water and 40 per cent. sugar, so that a treacle 
from such working would analyse :— 


Apparent Solids .........cccccccccescsscseescesceseeees 800 
Sugar csi teeraees AE E 40°0 
Glucose and non-saccharine ........,...ccesceees 40°0 
Water (apparent) .......sccccscccessssceersreeencees 20°0 


If a complete analysis of a cane juice be made, 
treacle existing in the juice can be deduced from 
the glucose and non-saccharine bodies present on the 
basis of the above typical analysis, i.¢., that sugar 
rendered uncrystallisable may be considered to be 
equal to the glucose plus the non-saccharine bodies 
present, the treacle being worked to contain 20 per cent. 
water. A partial analysis is, however, sufficient for 
the purpose in view. The determination of density 
to arrive at the apparent dissolved solids, and polari- 
sation (direct polarisation is practically sufficient) to 
arrive at the total saccharose, when there are obtained 
the data for arriving at the amount of sugar present 
in the 100 apparent solids in solution, and the 
difference between this figure and 100 is a sufficient 
measure of the glucose and non-saccharine bodies 
present, and therefore a direct measure of the sugar 
belonging to the treacle, whence crystallisable sugar 
existing in the soluble solids of the cane juice— 

=: Purity Coeff. — (100 — Purity Coeff.) 
and if there be ascribed 5 per cent. of water to the 
raw sugar which, for certain purposes, it may be 
convenient to regard the cane juice as a solution of, 
the result X °95 will give the crystallisable sugar 
existing in it; and the refining value of this raw sugar 
will be this figure, less losses, &c., treacle being 
increased by formation of glucose in course of the 
manufacture (apart from that given rise to in open 
boiling in final or advanced concentration of the 
juice, as in a preliminary manufacture of jaggery or 
muscovado sugar) and by association of sugar with 
this glucose and with lime taken up by the juice in 
its defecation, and from absolute loss of crystallisable 
sugar in scums and wash-waters, &c. These losses 
in a modern factory working with char for white 
and nearly white (after-boilings) sugars, thoroughly 
water-washed in the centrifugals, and for exhausted 
treacle, are about— 

Per Cent. 
Loss of saccharose as crystallisable, by 
inversion .esesssssesesesressnaoienrsoorsssrases 3'7 
Loss of saccharose as crystallisable, by 
solution in the water associated with 


the resulting glucose, and by associa- 
tion with lime taken up ..........c.ccsessees 2'5 
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Loss of saccharose absolutely.................. 13 
So that the approximate refining value will 
be about tye tiacuavaiwertenacccraeteea cece ees 7°5° lower 


A juice with a purity coefficient of 87°7 would 
therefore show :— 
Crystallisable sugar existing — 


(r) In its dry solids ............. 87°7 — (100 — 87°7). = 75°4 


(2) In its contained jaggery. 75°4 X ‘95 = 716 
And the refining value of 
its contained jaggery 
would be ......... Satanit 716 X '925 = 67'S 
Or, if desired, to express the results in lbs, per gallon 
of juice :— 


Specific gravity...1°0837 = 20.1 per cent. dissolved solids. 
= 9°178 Ibs. dissolved solids per gall, 
containing, as seen above, 75°4 per cent. X ‘935 = 
69°7 per cent, practically crystallisable sugar, whence 
juice would yield :— 
lbs. 
White, dry sugar, per gallon ................... 1°52 
Treacle solids (allowing 3 per cent. loss). 0°593+ 


(3 per cent. loss on the 2°78 Ibs, 0... 


and then, if considered desirable, the statement may 
be modified to show contents of the juice in raw 
sugar of any quality, the statement, in any case, being 
perfectly detinite as to the value of the juice. 

In the above method of assessment of refining 
value, it will be noted that no regard is paid to the 
constitution of the non-saccharine bodies, and that 
the amount of such bodies is only considered because, 
it being accepted that sugar present in the treacle 
will be twice the water present, and the water in the 
typical treacle being accepted as 20 per cent., sugar 
retained must be equal to the glucose and non- 
saccharine bodies present. The method dispenses 
with all special mélassigéne values, and is, as seen, 
warranted by the analyses of cane treacle. The old 
time factors of 1 for glucose and 5 for ash as being 
the respective mélassigéne values, originally adopted 
in the rough valuation of beet sugars, have no sort of 
application in the valuation of cane sugars. At a 
temperature of 115° F., about the temperature at 
which the treacle is worked, water is able to dis- 
solve two and a half times its weight of sugar, so that 
it is apparent, in the case of cane treacle, that the 
glucose, or the ash, or the “ unknown,” or all of them 
together, force the crystallisation of the sugar rather 
than prevent it. Beet treacle, roundly speaking, 
contains 50 per cent. sugar with 20 per cent. water 
present, z.¢., the water is just saturated with sugar, 


* Any increase in refining value through possible elimina- 
tion of impurities in course of manufacture of the sugar, as in 
the defecation of the cane juice and in its treatment with 
animal charcoal, is ignored, because such elimination is 
small, and the effect of it is allowed for, as far as can be 
judged, in the restriction of total losses, of refining valuc, to 
7} per cent. ‘The refining, as at present practised, of cane 
juice and of raw cane sugars is mainly a redistribution of 
impurities, and not their elimination in any material degree. 

+ Equal to one-fourth more, for ordinary treacle containing 
20 per cent. water, viz., 741 lbs. 
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and the beet treacle contains little glucose; and it is 
the same with palmyra jaggery treacle, and so far 
there is indication of the forcing of the crystallisation 
being due chiefly to the glucose. These remarks are 
made at some length because even among sugar 
chemists there is a very general opinion that glucose 
prevents sugar associated with it from crystallis- 
ing beyond the measure due to its accompanying 
water, and this opinion, the writer considers, is 
absolutely controverted by the facts of analysis of 
fairly exhausted cane treacle. As regards the ash 
it is, of course, true that the salts of the alkalies 
and alkaline earths, separately, do prevent the 
crystallisation of sugar directly and in large and 
variable proportion, but the sum total of their 
influence, with that of albuminous and gummy 
matters constituting the “unknown” and of the 
glucose, is, as seen in the analyses foregoing, such an 
inter-countervailing of mélassigéne functions that the 
influence, in part, of the water associated with them 
can alone be considered as destined to keep sugar 
back from being won practically. That this is so, 
receives corroboration from a comparison of the amount 
of sugar found already to be in a crystallised form in 
a sample of raw sugar by Scheibler’s washing-out 
process, and that indicated by deduction from the 
total saccharose found, of twice the water present, 
supposing that the sample of sugar does not contain 
materially more or less water than should properly 
belong to itstreacle. This comparison is made in the 
three following analyses. The water properly be- 
longing to the treacle was roughly adjusted by expo- 
sure of samples of 20 grams of the sugars to the air, 
in the laboratory (in the middle of July and in London) 
for 15-18 hours :— 


Havana. | Barbados. Trinidad. 


Oe | ee | me 


Total saccharose ............... 93°0 93°3 93'6 
Water originally present ... 38 3°88 2°16 
Loss or gain after exposure.| —1°'5 — 1°85 + ‘40 
Therefore, water properly 

belonging to the treacle .. 2°3 2'03 2'56 
Crystallisable sugar, found 

by Scheibler process......... 89°5 89°04 88'o 
Crystallisable sugar, indi- 

cated by gross saccharose 

less water of treacle x 2...' 884 | 89°24 88°48 


In the following Table comparison is made in the case 
of samples of mixed cane raws, melt of a sugar re- 


finery, and where there was no rough adjustment of 
the water of the treacle. 

In two previous papers, “The Profits of Sugar 
Cane Cultivation, &c.’’, Nov. 9, 1900; and “ Indian 
Sugar Canes,” Jan. 25, 1901, the refining values used 
by the writer were obtained in a different way to the 
foregoing. That now given is preferred after close 
examination as being the more rational method and 
as giving results approximately true over all ranges of 
grades of juice. In the method used for the papers 
referred to, while the results for juice of practically 
sugar-making qualities —refining values of 60 per cent. 
and upwards—agree fairly with those obtained by the 
method now adopted, they are progressively too high 
for the juices of lower grade, and of no practical 
value for sugar making. 

In the writer’s opinion, what has militated against 
progress of the sugar-cane industry more than any- 
thing else has been a want of proper recognition of 
what is sugar. With those interested in the industry, 
scientifically as well as merely industrially, ‘* sugar ” 
has been just that mixture, of sugar (saccharose), 
crystals and treacle, which is the “ sugar ” production 
of their district, though such “ sugar ” might consist of 
45 per cent. only of white, dry sugar, and 55 per cent. 
treacle, or of 90 per cent. white, dry sugar, and 10 
per cent. treacle. The consequence is that there is 
extreme confusion as to the sugar production of an 
unit area of cultivation in different places, and, worst 
of all, there is confusion as to relative merits of de- 
scriptions of cane and methods of cultivation, which 
has led to a most mischievous obscuring of the 
important point of where mere weight of yield of the 
unit area of cultivation should give way to quality. 
It is now ancient history that in the beet industry it 
has been necessary to accept a small crop to obtain 
sugar (properly so called), but in the cane industry 
there is still the striving after the heavy crop which 
inevitably yields molasses (treacle) rather than sugar. 

The so-called sugar of our colonies and East Indies, 
as at present made, is in much the same position as 
the Indian ryots’ wheat export. The ignorant ryot 
mixes in dirt with the wheat, content to sell a greater 
weight and not realising that the buyers have to penalise 


' him for the dirt much beyond its mere weight ; and so 


it is with the raw “ sugar,”—it comes to Europe and 
is bought on analysis, and cumulative differentiation is 
made on the sugars of lower refining values. 


Mixed cane raws, melt of a sugar refinery. 


Saccharoso .......c:cseeseeeeeees 9100 94°70 95°20 
Water ..useesssessesosresese.se 4'8 2'3 1°5 
Crystallisable sugar, by :— 

Scheibler process........... 82°6 go’! 92°5 

Sacch.—2 water............... 81°4 9o'I g2°2 
Saccharose s.. 6 s 94°3 94°8 92°8 
Water seste sessssessssserso 2'9 | 2°2 3'9 
Crystallisable sugar, by :— 

Scheibler process ............ go0°6 gI'9 88°4 

Sacch.—2 water.............8. §8'5 | 904 &5'o 


93°00 94°50 89°00 94°00 | ue : go"5 
2°4 2°9 37 3'5 3'r 
87°6 900 836 880 | go°2 83°8 
88'2 88°7 8:16 : 87yo | 90°3 84°3 
95'5 92°8 97°2 | 95°3 | #5 = 
1'3 35 r4 | 2°7 | 38 = 
92°9 87°0 973 | a1’s | 82°7 | — 
92°9 85°8 944 | 899 | 82g = 
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Notices. 
ee 


EXAMINATIONS. 


The dates fixed for the Examinations in 1902 
(General Examination, Grade II., and Pre- 
liminary Examinations, Grade I.), are Monday, 
Tuesday, Wednesday, and Thursday, April 
14th, 15th, 16th, and 17th. 

The Programme for 1902 is in preparation, 
and will shortly be issued. The Examinations 
for Grade I. and Grade II. will be on similar 
lines to those of the present year, no important 
changes having been made. The proposal to 
add a third, or Advanced Grade, will not be 
carried into effect at the next Examinations. 

The results of the Examinations, held at 
the end of last March, have been published. 
Copies can be obtained at the Society’s office, 
price, Grade II., 6d. ; and Grade I., 3d. each. 


Proceedings of the Society. 


a 
CANTOR LECTURES. 


ELECTRIC RAILWAYS. 
By MAJOR P. CARDEW. 


Lecture 1II.—Deitvered March 25, 1901. 


GENERATION AND TRANSMISSION. 


We now come to the generation and trans- 
mission of the electrical energy, and the ques- 
tion, How far apart the generating stations 
should be ? 

Although so much doubt exists at present as 
to the relative advantages of continuous and 
polyphase current for driving the trains, there 
is a general agreement that for the long dis- 
tance transmission the right thing is three- 
phase current. There are great difficulties in 
the construction and winding of continuous 
current machines for even moderately high 


pressures, and of large power. Two thousand 
five hundred volts is about the practical limit, 
and this would necessitate generating stations 
spaced about ten miles apart, and even then 
the expense of mains, or the loss in transmis- 
sion, would be very considerable. 

With three - phase machines, however, 
pressures of 15,000 or 20,000 volts are quite 
practicable, and the limit is determined not 
by the generator, since the pressure may be 
raised by transformation at the generating 
station, but by the conditions of safe work- 
ing of the transmission line and apparatus. 
I do not myself think it probable that the 
electrical pressure will in this country much 
exceed what is already being worked, whether 
the transmission be by underground cables or 
possibly by overhead wires. At a pressure of 
12,000 volts at the generating station, anda 
density of 600 amperes per square inch in the 
cables, a density which should not be exceeded 
in high pressure cables of large size, energy 
may be transmitted fifteen miles by three-phase 
current with a loss of only 5 per cent., or with 
this loss the generating stations may be 
situated thirty miles apart. 

Putting the saving to be effected by concen- 
tration of plant as high as the most fervid 
advocate of such concentration can expect, I 
do not think it likely that it will justify the 
spacing of the generating stations at more 
than from thirty to fifty miles apart, having 
regard to the heavy expense of transmission 
lines, and the continual waste of energy, and 
also the amount of dislocation of service 
caused by a serious breakdown. Electrical 
effects which are inconsiderable with ordinary 
pressures and distances, become of formidable 
magnitude when certain limits are exceeded. 
I allude especially to effects of what is called 
‘capacity ” and ‘‘ inductance ” in cables. 

Future developments and discoveries may 
very probably alter the conditions, but as they 
are to-day, I regard 12,000 volts and trans- 
mission to 15 to 25 miles as good limits to 
adopt. 

The use of the three-phase current for trans- 
mission from the generating stations to the 
sub-stations, where the conversion from the 
high pressure to the lower pressure supplied to 
the trains takes place, effects some economy 
in capital cost compared with continuous 
current transmission, even assuming equal 
working pressure possible in the two cases. 
The amount of copper necessary with three- 
phase transmission is only 75 per cent. of that 
required for simple phase or continuous current 
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with a non-inductive load, such as supply to 
lamps, or where the current can be kept “in 
phase’’ with the pressure, as when supply is 
given to ‘‘ rotary converters.’ Even when the 
load is inductive, a saving from 15 per cent. 
to 20 per cent. of copper is practicable. On 
the other hand, three separately insulated con- 
ductors must be used, and each of these may 
acquire the full potential from earth as well as 
from the other two. 

With continuous or single-phase current the 
cables used may be concentric, the outer con- 
ductor being earthed at one point and only 
differing in potential from the earth at any 
other point by the amount of fall of potential 
due to its resistance and the current passing 
in it. Thus avery slight insulating covering is 
sufficient for the outer conductor, and it may be 
handled while under pressure without any risk. 

With two-phase current also concentric 
cables with earthed outer conductor may be 
used, but with three-phase current and three 
conductors all the conductors should be 
similar as regards insulation. On this account 
the practical saving effected by the use of 
three-phase current with underground cables 
is not very important, and would not of itself 
justify the use of the system as it certainly 
does in the case of long distance transmission 
where bare overhead wires can be used and the 
cost of copper is the chief item of expense. 


TRANSFORMING STATIONS. 


It is in the number and equipment of trans- 
forming stations that the system of using three- 
phase current to supply the motive power for 
the trains has a great advantage over any 
system using continuous current, in that with 
the latter the electrical pressure is practically 
linited to about 500 volts, and the conversion 
from the higher pressure which must be used 
for the long distance transmissions requires 
the use of running machinery, whereas with 
the former, 3,000 volts 1s quite practicable, and 
higher pressure may be reached and conver- 
sion is carried out by means of statical trans- 
formers alone. The reason for the fixed limit 
of pressure with continuous current is that the 
motors cannot be constructed to take a pres- 
sure high enough to admit of the charged con- 
ductors being overhead wires, while if they are 
put in the permanent way a pressure of 500 
volts is quite high enough considering the risk 
of accidental contact with these conductors to 
which the employés must be exposed. 

It is very difficult in electrical engineering to 
set a fixed definite limit. 


What is the we plus 


ultra of to-day may be merely the starting 
point of to-morrow. Still it certainly appears 
unlikely that for continuous current traction 
motors the limit of soo volts will be much 
exceeded. 

I believe that in one instance in America 
those conductors have been placed in a form of 
conduit beneath the track, but this again is an 
expensive arrangement, and involves greater 
liability to faults of insulation and short circuits. 
On the other hand, once get the conductors 
overhead on a railway line, where they can be 
kept perfectly free from crossing wires, which 
have caused several serious accidents on 
trolley lines, and many of the difficulties con- 
nected with line equipment are removed. 

If continuous current is to be used for supply 
of power to trains, the conversion from the 
three-phase high pressure transmission system 
is generally accomplished by means of statical 
transformers to reduce the pressure and 
rotary converters to convert from three-phase 
to continuous current. 


TRANSFORMERS. 


A statical transformer is a very simple and 
efficient apparatus. It consists essentially of 
two coils, one for the high pressure, and the 
other for the low pressure, wound on a core 
of soft iron. An alternating electric pressure 
is applied to one of the coils, and the resulting 
current produces waves of magnetic induc- 


tion in the iron, corresponding in periodicity 


and within limits in amplitude. These mag- 
netic waves again induce waves of E.M.F. 
in the other or secondary coil, and of counter 
E.M.F. in the primary coil. The E.M.F. in 
each coil is proportional to the number of 
turns, hence any desired proportion can be 
obtained. The iron is so shaped that the 
magnetic induction or flux of force completes 
its circuit within the iron, and no free poles 
or external field is produced, the total induc- 
tion being thus much greater than it would 
be if the magnetic circuit had to be com- 
pleted through air. The iron is also finely 
laminated to avoid the waste energy and 


‘heat which would result from the generation of 


spurious electric currents within the iron itself. 

The losses of energy in a transformer are 
relatively small. There is no rotating mass 
involving friction at bearings, but there is a 
constant loss caused by the changes of mag- 
netisation in the iron and probably of the same 
nature as frictional loss, and a varying loss due 
to the resistance of the coiled conductors to the 
currents. The total loss at full load is about 
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3 to 4 per cent. of the energy transformed. 
Still, even this small proportional loss produces 
so much heat that in large sizes of transformers 


it is necessary to resort to artificial means for | 
dissipating it, since the natural ventilation of | 


a transformer is not so good as that of a 
machine with rotating coils. 


ROTARY CONVERTERS. 


The rotary converter exemplifies what I 
have already pointed out, viz., that every kind 
of current can be obtained from a dynamo 
machine. It is, in fact, a multipolar continu- 
ous current machine having points in the 
armature winding connected to a set of contact 
rings so as to admit of continuous connection 


400 


500 


| 


In some respects the motor generator 


| arrangement in which the alternating and 


| 


continuous current armatures are separate, is 
to be preferred to the rotary converter. 


ACCUMULATORS. 


Where continuous current is used for supply 
of power to the trains, a battery of accumulator 
cells is a very useful adjunct to the equipment 
of the sub-station, especially where the load is 
of a very intermittent character, as it must 
be on lines of considerable length, since the 
frequency of the service, even with electric 


' trains, cannot be such as to give a continuous 


load at each sub-station. 
If no accumulation is provided, it is obvious 
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being made with each point from the outside 
while the armature is revolving. The number 
of points corresponds with the number of 
different phases of currents for which it is 
intended, and they are eee at equal 
distances apart. 

The most general siteavement for traction 
work is a six-phase current derived from a 
three-phase current by keeping each phase 
entirely separate in the secondary circuits from 
the statical transformers. The machine, when 
connected to the polyphase current supply, 
must run in synchronism with the frequency as 
a synchronous motor, and should be started on 
the continuous current. These machines are 
highly efficient, but require considerable atten- 
tion and skill in management. 


that each sub-station must be equipped with 
sufficient power to deal with the maximum 
possible load, although such a load may not 
be reached at all during any ordinary day, and 
the aggregate of machinery in the sub-stations 
must exceed that at the generating station. 
All this machinery has to be paid for and 
maintained, and also has to be run practi- 
cally unloaded for a considerable portion of 
each day. 

By using an accumulator battery, combined 
with an automatic ‘‘ booster,” it is possible to 
supply the traffic requirement of a very inter- 
mittent or varying load, and still have a 
practically uniform load on the converting 
machinery. 

The diagram, Fig. 6, is taken from a paper 
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by Mr. G. A. Grindle, and shows results 
obtained at the St. Helen’s generating-station 
supplying the tramways load. , 

Where polyphase currents are used through- 
out accumulation is at present impracticable, 
and the transformers in each sub-station must 
be capable of dealing with the maximum 
possible load. They are, however, cheap in 
first cost and maintenance, and their eff- 
ciency, even at light loads, is high. 

In this case, too, since the supply pressure 
is so much higher, the sub-stations may be 
further apart, and, consequently, will have a 
higher ‘‘load factor,’’ as it is called, which 
means that the average load is larger in pro- 
portion to the maximum load than 1s the case 
with more frequent sub-stations. 


SUMMARY OF RELATIVE ADVANTAGES OF 
CONTINUOUS AND POLYPHASE CURRENT. 


Before passing to the discussion of the 
equipment of a typical railway of the sort 
which I have indicated as being likely to 
benefit by electrical working it will be desirable 
to summarise the relative advantages and dis- 
advantages of the continuous current and the 
polyphase current systems of traction as they 
exist to-day for application to full scale railway 
working. 

To the credit of continuous current must be 
put :— 

1. That it is a two-wire system, while the 
rival is a three-wire system. Every additional 
contact that has to be made to complete the 
connection for a running trainis a disadvantage, 
especially at high speeds. 

2. That with it accumulators may be used 
distributed in the various sub-stations, thus 
reducing the necessary running power both at 
the sub-stations and at the generating stations 
to what is required for the mean load, including 
in this the surplus load required to maintain 
the batteries properly charged. 

3. That there is no ‘‘wattless’’ or idle 
current with the continuous current as there is 
with the induction polyphase motors. These 
idle currents may even be practically eliminated 
from the high pressure circuit where a high 
pressure polyphase supply is converted by 
means of statical transformers and rotary con- 
verters to continuous current for traction. In 
other words, the polyphase system has to pro- 
vide for about 15 per cent. more current than 
would be necessary for supply of the same 
electrical power at the same pressure on the 
continous current system. 

4. That to reduce this idle current very 


small clearance is necessary between the fixed 
and revolving parts of the polyphase motor. 

5. That variations of speed such as are 
often required in running can be more easily 
and efficiently provided with continuous current 
than with polyphase equipment. 

On the other hand, the polyphase system 
possesses the following advantages, viz. :— 

1. Great simplification in sub - stations, 
dispensing with all running machinery, and 
with one transformation of energy, thus con- 
siderably reducing both the capital cost and 
working expenses, since no attendance is re- 
quired. 

2. Use of pressure as high as 3,000 volts is 
quite practicable for supply to motors. This 
increased pressure has the following distinct 
advantages :—That the line conductors may 
be overhead wires in place of heavy rails, 
which encumber the permanent way and 
require to be electrically connected by bond- 
ing; that the sub-stations may be placed at 
greater distances apart, and the power in- 
stalled reduced proportionately to the better 
load factor obtained; and that the current 
required is proportionately reduced, and can 
be collected with greater ease. 

3. The generating plant may be less expen- 
sive, as provision has not to be made for 
running rotary converters. 

4. The motors are much simpler, and more 
mechanical machines. The absence of the 
commutator, and the low pressure in the 
rotating portion, tend to diminish the cost of 
repairs ; and the motor may easily be arranged 
to be entirely supported by springs. 

5. The speed of trains is governed by fre- 
quency, which is absolutely constant all over 
the line, and not by pressure, which is more 
variable. 

The return of energy to the line when 
stopping or descending grades may also be 
put to the credit of the polyphase system, as 
compared with the continuous current system, 
unless separately excited motors prove practic- 
able. Even without taking this into account, 
however, I consider that the advantages 
obtained in regard to means of conversion and 
from the use of higher pressure sufficient to 
indicate that the polyphase system is that most 
suited for use on full scale railways. The 
picking up of current has been well worked 
out, and as against the economic advantage 
of accumulators must be weighed the great 
expense of installation, maintenance, and 
attention, the complication of the sub-stations, 
and the increased consumption of energy. 
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Exactly twenty years ago I read a paper at 
what was then the Society of Telegraph 
Engineers suggesting the application of elec- 
tric motors for driving trains, and pointing out 
the advantages that would result from the 
distribution of electric power throughout the 
train, and from the braking action that could 
be obtained from the motors. I have seen 
these anticipations fully realised, and I feel 
equally confident in prophesying the successful 
application of the polyphase system to the 
working of full scale railways. 


EQUIPMENT OF FULL SCALE RAILWAY. 


In order to give you some idea of the nature 
and cost of the equipment of a railway of the 
class which I consider could decidedly use 
electric traction to advantage, I propose to 
discuss in some detail the traffic arrangements 
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miles from A and B respectively, are connected 
by a cross line; G, I, H, K 10 miles from 
C, and L, 15 miles from K, are supposed to 
be important towns. Intermediate stations are 
indicated by small circles. 

The scheme of traffic during the busy hours 
of the day is as follows :— 

1. A suburban service at frequent intervals 
over A, G, I, H, B, and reverse. 

2. Asemi-suburban service, at frequent inter- 
vals, over A, G, C, H, B, and reverse. 

3. An express every half-hour from A or B 
alternately to D, and reverse (stopping at H 
and L). . l 

4. A service of stopping trains connecting 
with these expresses. 

5. A frequent suburban service over E, D, F, 
and reverse. 

It will be understood that goods traffic will 
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and equipment of the lines shown in Fig. 7, 
which, although somewhat analogous to exist- 
ing lines, is of course not taken from any par- 
ticular railway system. 

The lines consist of two Metropolitan termini, 
A and B, from each of which there are four lines 
of rails to a junction, C, about 10 miles distant 
from each terminus. Two of these lines are 
for local or suburban traffic, forming a loop, 
A, C, B, with stations about one mile 
apart. The other two form a junction with 
cach other at C, and thence a double line ex- 
tends to D, the town terminal station, which 
we may suppose to be at a fashionable resort, 
capable of supporting a heavy and continuous 
passenger traffic with the metropolis. D we 
will take to be 40 miles from C, or 50 from A or 
R. It is a centre of a populous district, and 
can support a considerable suburban traffic, as 
indicated by lines D E, and D F, each about 6 


miles long. Further, points, G and H, about 4 
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TERMINI `s of 


be worked during the hours when the line is 
not required for passenger traffic. The main 
generating station I have supposed to be 
located at C, this being a very advantageous 
position for supplying the two metropolitan 
termini and intermediate stations. As, how- 
ever, the suburban traffic at D would necessi- 
tate the transmission of a large power to a 
distance of 40 miles from C, it is more 
economical to place a second generating 
station at D, should there be no objection to 
such an arrangement. The sub-stations are 
situated as shown on the diagram. 

Dealing with the suburban traffic between 
A and B first (vide Fig. 8, p. 670), a reason- 
able arrangement would be to run trains 
at quarter - hour intervals over the line 
A, G, I, H, R, and at the same intervals 
over A, G, C, H, B. Thus between A and G and 
B and H the trains will be at seven and eight 
minutes intervals. | 
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Assuming that the traffic varies considerably 
in amount a different times of day, trains con- 
sisting of three motor-cars and three trailers, 


seating, say, 420 persons, would be very suit- , 


able for this service, and would weigh, fully 
loaded, say, 150 tons. At times of minimum 
traffic one motor and one trailer car can be 
dropped. 

Since the stations are supposed to be at 
distances apart of only about one mile, the 
time of running will depend, to a considerable 
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hour is obviously impracticable when the 
stations are only one mile apart, since full 
speed could not be attained. 

Let us consider a full speed of forty miles 
per hour. With a mean acceleration of one 
foot per second, and retardation of 1'5, the 
train will run 

§80 yards in 59 seconds accelerating. 
380 , 539 5 retarding. 
800 ,, 5, 40 4, full speed. 


Allowing twenty-five seconds stop, this gives a 
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extent upon the acceleration obtainable, as 
upon the full speed of the trains. 

Full speed must necessarily bear a simple 
proportion to that of the express trains on the 
main line. This we may take to be sixty miles 
per hour with four pole motors, giving a 
frequency for the current between 15 and 20 
periods per second depending upon the exact 
diameter of the driving wheels. Then six pole 
motors will give a speed of forty miles per 
hour. Eight pole motors a speed of thirty 
miles per hour. A speed of sixty miles per 


time from start to start of 163 seconds, or 2 
schedule speed of one mile in 2 minutes 
43 seconds, or for the fifteen miles from Ato B 
by the route A, G, I, H, B, 40 minutes 20 
seconds, since there are only fourteen stops. 
Thus the running time for the double journey 
will be 80 minutes 40 seconds, and the traffic 
will require six trains, allowing 4 minutes. 
40 seconds stop at each terminus. 

On the other hand, if full speed is thirty 
miles per hour, with the same acceleration and. 


-retardation, the train will run— 
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323 yards in 44 seconds accelerating. 
215 » » 29 4, retarding. 
1,222 ,, ,, 84 ,, full speed. 

or with the same allowance for stop, this gives 
182 seconds from start to start. So the train 
cannot complete the cycle in go minutes, or 
seven trains will be required in place of six 
trains. If we allow 30 second stops, the 40-mile 
trains would still have 3 minutes 30 seconds 
at each terminus. 

The power taken during acceleration by the 
40-mile train would be about goo kilowatts, 
while the 30-mile train, allowing for the saving 
of weight due to the smaller power required, 
would only take about 600 kilowatts, and when 
running at full speed on the level the powers 
taken would be 200 kilowatts and 115 kilo- 
watts respectively, assuming resistances at 
15 lbs. and 12 Ibs. per ton in the two cases. 

Since the stations are assumed to be one 
mile apart, the energy taken per mile in the 
two cases would be in kilowatt seconds :— 


For 40-mile train— 


Accelerating 900 X 59 = 53,100 
Running 200 X 40 = 8,000 
61,100 
Returned in braking, say 7,000 
54,100 
or about 15 Board of Trade units. 
For 30-mile train— 
Accelerating 600 X 44 == 26,000 
Running 115 X 84 = 9,660 
36,060 
Returned 3,060 
33,000 


or about 9 Board of Trade units. 


The 40-mile trains do 20 miles per hour, and 
there are six of them, the total hourly con- 
sumption for the service will be, therefore, 
1,800 units. The 30-mile trains do the same 
number of train miles per hour, so the total 
hourly consumption in this case will be 1,080, 
the difference being 720 units, or at $d. per 
unit, 30s. per hour, against the quick service. 

The maximum power required will also be 
greater with the quick than with the slow 
service, necessitating additional capital ex- 
penditure in the generating sub-stations. On 
the other hand, we have with the slower service 
the extra capital cost of one train and its pro- 
portionate reserve, and the charges of the staff 
required for this train, not only for running, 
but for cleaning and looking after it, and that 
of its maintenance and repair. But the main 


consideration is the greater popularity of the 
quicker service. An additional 3d. earned per 
train mile will pay for the extra consumption, 
while the capital expense is nearly equal in the 
two cases. 

An argument in favour of deciding for the 
quick service is, that the exigencies of traffic 
on the main line will certainly necessitate the 
use of motors calculated for 40 miles per hour 
speed, and by adopting the same speed for 
the suburban trains, the complication of a 
different pattern of motor and equipment is 
avoided. 

On the whole, the balance of advantage is 
with the fast trains, if stops averaging 30 
seconds can be worked. In America, stops of 
20 seconds are found sufficient in similar cases, 
but we are not quite so ‘‘ spry ” here. 

It would of course be quite practicable to 
run a 10 minutes service of 100 ton trains over 
the suburban lines without any additional 
rolling stock, and some saving of power would 
be thus secured. Probaby the service between 
E, D, and F might be worked by Ico ton trains, 
consisting of two motor and two trailer cars, 
at quarter-hour intervals. 

We will next consider the main line service. 
The diagram, Fig. 9 (p. 672), shews the scheme 
of traffic I would suggest. 

The black lines are expresses starting every 
half-hour alternately from A and B, stopping 
only at K and L, and reaching D just under the 
hour. Stopping at D twenty-one minutes they 
return to B and A respectively, whence they 
start again in twelve minutes time. 

Thus, a train from A takes five hours for a 
complete cycle to D, then to B, then to D again,, 
and finally to A before starting from A again, 
and five trains are required for the service. 
The normal trains might consist of two motors 
and two trailer cars, total weight, say, 100 
tons. 

At the intermediate half-hours a stopping 
train starts from A or B, or at the same time 
that the express starts from A the slow train 
starts from B and vice versd. This stopping 
train stops at G or H, C, and all stations from 
c to K, doing the 20 miles in about 43 minutes, 
and arriving at K 9 minutes before the express 
leaving half-hour later, which takes 22 minutes 
to do the 20 miles. Full speed of stopping 
train 40 miles per hour. This slow train does 
not go beyond K. It waits there until after the 
next up express has left, and then returns to 
the same terminus from which it started, stop- 
ping at the same stations. These trains would 
have two motor cars, one at each end, and 
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three trailer cars, since an acceleration of °75 
mean will be quite sufficient. Total weight, 
say, 120 tons. 

Four trains are required to work the service. 
Immediately after the down expresses leave 
K and L slow down trains start from these 
stations to L and D respectively, returning in 


each case after the next up express so as to | 


reach K and L well before the succeeding up 
express, full speed being 40 miles per hour. 
These will in ordinary times consist of three 
cars, two being provided with motor equipment 
together equalto one motorcar. Total weight, 
say, 70 tons. Three trains are required to work 


the service between K and L, and the same | 


number between L and D. 
With this service it will be seen that every 
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station on the linc has the advantage of a half- 
hourly service at fixed schedule in both direc- 
tions, and that to reach a terminus from any 
intermediate station it is not necessary to 
travel in a stopping train for a greater distance 
than something under 15 miles. 

The arrangement would, however, be some- 
what inconvenient for passengers travelling 
between intermediate stations passing K or L, 
and for their convenience it might be desirable 
to run a few of the stopping trains through. 
The time taken would be the same, but pas- 
sengers would not be obliged to change 
Carriages. 

The power taken by the expresses depends 
upon the steepness of the grades to be en- 
countered since rapid acceleration is not 
required in this case. We may assume that 
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the steepest grade will not exceed 1 in 100, 
and in this case the, maximum effort will not 
exceed 609 kilowatts per train of 100 tons, 
and this will give a mean acceleration on the 
level of @ft. per second per second. The 
power taken at full speed on the level will be 


' about 300 kilowatts. 


The maximum power taken by the 120-ton 
slow train from A or B to K accelerating at 
"75 mean on the level will be 550 kilowatts, 
and for running on the level 160 kilowatts, 
and that taken by the slow trains weighing 


| 70 tons between KM and D will be 285 kilo- 
' watts, the mean acceleration being °66, and 


for running on the level g5 kilowatts. 
With the proposed arrangements therefore 
two motor equipments will be necessary, one 


for the express service with 4-pole motors, and 
one for the slow service with 6-pole motors. 
Each motor bogey truck would be fitted with 
two motors, one primary and one secondary, 
the primary motors being capable of taking a 
load of 150 kilowatts for short periods. 

It would not be desirable to provide different 
equipments for the varying requirements of the 
slow trains, since a power represented by 300 
kilowatts per motor car will satisfy all require- 
ments. In the case of the 70 ton trains, how- 
ever, one bogey truck at each end of the train 
would be fitted with motors. | 
_ We can now assess the maximum demand 
for electrical energy on the various sub-stations 
as indicated in the diagram. Taking Station 
A, the maximum output occurs when a main 
line train taking 600 kilowatts synchronises in 
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starting with a local train taking goo kilowatts. 
At this time, the next local train on the down 
line, starting say seven minutes earlier, should 
be midway betwen the second and third station 
from A, running at full speed, taking say 200 
kilowatts, also a local train on up line leaving 
for A having just finished accelerating. If at 
all delayed, this train might be taking goo 
kilowatts. The next local trains will be the 
other side of G. The incoming main line train 
should be six miles off at this time, or well the 
other side of G. Since A will not have to pro- 
vide all the power for the trains intermediate 
between it and G, an allowance of 2,500 kilo- 
watts in transformers appears sufficient; B of 
course requires the same equipment; G and H 
may possibly have to accelerate two local 
trains and a main line train, and provide some 
power for an express running, so that the same 
power will be required; I has nothing to do 
with the main line, and 1,500 kilowatts will 
be quite sufficient; c should have the same 
power as G or H; K has its maximum load 
when an up local train starts; two expresses 
and three other local trains being then partly 
supplied from this station, 1,500 kilowatts will 
suffice for this. 

The two other intermediate sub-stations 
divide the starting load of the expresses at L, 
and at these times the nearest local trains are 
well away from them, an equipment of 1,000 
kilowatts each should be sufficient if there are 
no severe grades. 

The sub-station at D must be able to start an 
express and carry on the local traffic simulta- 
neously, and assist in running another express. 
Total power say 3,000 kilowatts. 

The next estimate is that of the power re- 
quired to be delivered by the generating 
stations at C and D respectively. Station C 
has to provide for all local service on the two 
routes between A and B. These services 
require, as we have seen, fourteen trains, and 
it will be safe to take it that at any one time 
seven of these may be accelerating, four run- 
ning, and three stopping or at rest at stations. 
It also has to provide for the main line require- 
ments as far as sub-station K, and all power 
supplied from it. The maximum call is when 
an express is starting from A or B. 

At this time the station has to provide for— 
say 1} expresses running at full speed, two 
120-ton stopping trains accelerating, two 120- 
ton stopping trains running, and say 300 
kilowatts for light stopping trains. 

The power taken by these trains will be as 
follows :— 


7 local trains accelerating = 6,300 kilowatts 


4 9 99 running 99 800 ” 
I express accelerating » 600 ,, 
l } ” running s 450 ” 
2 stopping trains accelerating ,,1,100 _ ,, 
2 y » running » 320 » 
Add for light trains i 30 43 
Add , grades » 300 55 

10,170 » 


We have now to allow say 15 per cent. for 
line and transformer losses, making a maxi- 
mum effort from the station of 11,700 kilowatts. 

With proper allowance for spare, six sets of 
3,000 kilowatts each will be a suitable equip- 
ment. 

For station D, we require to provide for the 
local traffic five trains, one express accele- 
rating, 14 at full speed, and four stopping 
trains. A total power of 4,000 kilowatts run- 
ning will be sufficient, or say six sets, of 1,000 
kilowatts each. 

It should be noted that it will not be neces- 
sary to put down boiler capacity for this power 
running continuously, since the mean load 
will be only about one-half of the maximum 
effort. 

The overhead wire equipment would be the 
largest size of trolley wire in use, No. 0000 
S.W. gauge, erected on supports at intervals 
of about 88 feet, and properly guarded so as to 
prevent any risk from a broken wire remaining 
charged. The third conductor would be pre- 
ferably formed by a flat copper strip of twice 
the sectional area of the trolley wire, supported 
at the side of the track on fairly insulating 
supports. The maximum drop on the line 
will be 130 volts, or 64 volts on the strip. This 
gives under 8 per cent. loss. 

The 12,000 volt mains would be arranged so 
that a breakdown in any one cable will not 
stop the supply to any sub-station. This, how- 
ever, only necessitates one cable between K 
and D, since the intermediate sub-stations can 
on emergency be supplied from C, and this will 
provide for shutting down the station at D and 
undertaking the whole supply from cC during 
periods of light loads. It would probably be 
found preferable to keep the two stations quite 
distinct and not to attempt synchronising. 

The loss in these mains should not exceed 
about 3} per cent. unless the transformers at 
the sub-stations are specially wound to com- 
pensate for the loss, and this limit can be 
worked to without undue cost. 

The exact cost of the equipment I have 
sketched would, of course, depend upon many 
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conditions, which would differ in different 
cases, but at present prices the amounts would 
be somewhat as follows :— 


£ 
Generating stations, complete .. 400,000 
Sub-stations and Equipment .. 62,000 
Mains ee ee . ee 160,000 
Line Equipment .. +s ee_~—- 228,000 
£350,000 


The expense of the rolling stock which would 
be required would naturally depend upon how 
much of the existing stock it was proposed to 
retain. The cost of a complete equipment to 
run the traffic as given above would be prob- 
ably about £424,000. 


Miscellaneous. 
—— 


COFFEE CULTIVATION 1N BRAZIL. 


Brazil is pre-eminently a coffee-producing country, 
the tree being introduced into Para, from Cayenne, in 
1727. While coffee can be grown in nearly all parts 
of the country, its cultivation in the present century 
has been limited to a comparatively small zone, com- 
prising the four States of Espirito Santo, Minas 
Geraes, Rio de Janeiro, and Sao Paulo. It is pro- 
duced in other States. but in small quantities. The 
soil of Rio de Janeiro being already somewhat ex- 
hausted, Sao Paulo is in reality the great centre of 
production of the plant. Brazil furnishes more than 
6o per cent. of the world’s consumption of coffee, and 
it is claimed by some that the percentage is as high as 
7o percent. In 1890, Brazil produced 490,000 tons; 
Central America and Mexico, 80,000; Java and 
Sumatra, 60,000; Haiti and Santo Domingo, 43,000 ; 
Cuba and Porto Rico, 35,000; India, 30,000; Africa, 
20,000; and other places, 100,000 tons. In 1898 
the production of Brazil was estimated at 1,53 3,840,000 
pounds, or 11,620,000 bags out ofa total production 
of 1,960,619,288 pounds for all America, while Asia and 


Africa produced only 145,464,000 pounds or I, 102,050. 


bags. According to a recent report of the Bureau 
of the American Republics, coffee trees prefer wild, 
uncultivated lands, hill-sides, or elevated lands. These 
are cleared of their trees and brushwood, and plants 
one year old are planted, averaging 400 to the acre. 
The plant does not begin to produce until it is 4 years 
old, its maximum production being reached between 
the ages of 6 and 20 years, after which it diminishes in 
productiveness. "When the trees reach the age of 35 
or 40 years it is generally necessary to renew the 
plantation. The coffee tree attains an average height 
of 10 feet, and its head a diameter of 5 feet. It 
blossoms and yields a crop twice a year, but the most 
important is that beginning in April or May, and 
continuing to November. The only fertilisers used 


are the leaves of the coffee tree, the shells of the 
berry, and weeds, as it is necessary to keep the plan- 
tation free from all extraneous matter. The tree 
should be protected from cold winds. Its worst 
enemy is frost, which sometimes causes the tree to 
cease producing for a number of years, occasioning 
greater loss than the parasitical diseases with which 
it is afflicted. The berry resembles very closely the 
cranberry, and contains two grains, with their flat- 
tened sides towards each other. Each of the two 
is covered with a closely adhering membrane, called 
pergaminho, and outside of this is a thicker and more 
loosely fitting coat, called casqguinha. The two grains, 
with their coverings, are contained in a tough shell, 
called casca, and this is surrounded by a white 
pulp and outer red skin, thus forming the berry. To 
prepare the coffee for market, all these coverings are 
removed. The outer pulp is removed, after masce- 
ration in water, by a machine called despolpador. A 
trough, lined with cement, is placed on a hill-side 
above the mill, and through it a stream of water is 
kept running. Into this the coffee berries are thrown, 
and are carried down the stream into a large vat. In 
this vat the heavier berries sink to the bottom, whence 
they are drawn off through a pipe to the despolpador. 
This machine removes the pulp, the berries passing 
with the water to another vat beyond, where the pulp 
is thoroughly washed off and carried away with the 
water, while the coffee grains sink to the bottom, and 
thence, passing to a strainer, the water is all drained 
off, leaving them ready for the process of drying. 
Two methods of drying are in use in Brazil; the old 
process, which consists in spreading the grains 
on a cement - covered pavement, called ¢erretro, 
where they are allowed to dry in the sun. For this 
about two months are necessary, and the grains 
have to be raked over and tumed during the day. 
and gathered into piles, and covered at night, 
or whenever a shower comes. The more modem 
and satisfactory process of drying by steam is em- 
ployed on many of the larger plantations. By this 
process, the drying, which by the old method requires 
about sixty days, is accomplished in a few hours, with 
a vast economy of labour. Under this system, 
drying is done in large shallow pans of zinc, heated 
by steam coils beneath, more uniformly, and with no 
danger of injury from sudden rain. The coffee, after 
drying, is still enclosed in the inner and outer skins, 
which have been rendered more brittle by the drying. 
The machinery necessary for the removal of tkis is 
somewhat complicated and expensive. The coffee is 
brought from the drying house, and placed in bins, 
whence it is carried to a ventilator, where it is cleared 
of rubbish and dirt by sifting and fanning. From the 
ventilator, the coffee is carried to the sheller 
(descascador). The grains and broken husks are 
carried by a pipe to a second ventilator, where the 
latter are sifted out, and fanned away, and the former 
are carried by an elevator to the separator. This is 
composed of hollow copper cylinders, pierced with 
holes of different shapes and sizes. These 
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cylinders are kept constantly revolving, and the 
coffee grains passing through the holes, fall into 
separate bins, being thus assorted according to their 
size and shape. The coffee thus mechanically classi- 
fied goes into the markets of the world, where it is 
sold, the small, round grains as ‘‘ Mocha,” the large, 
flat grains as “Java.” A small portion of the 
pergaminho which still remains, is removed by the 
brunidor (polisher) by trituration and fanning. 
Finally, after passing through all this series of 
machines, the coffee is carefully picked over by hand, 
and is ready to be put into bags. As an indication of 
the extent to which coffee cultivation is pursued in 
Brazil, the Secretary of Agriculture of the Sao Paulo 
Government may be quoted as follows :—“ There are 
in Sao Paulo, 15,075 plantations, of which 11,234 
have upwards of 50,000 trees; 1,844 possess from 
§0,000 to 100,000; 999 between 100,000 and 200,000 ; 
597 from 200,000 to 500,000 trees. On these planta- 
tions, 1,703 machines are to be found for cleaning 
coffee, 1,243 of which are worked by steam, and 460 
by water. In Minas Geraes it is said that there are 
2,739 coffee plantations, 1,234 with less than 50,000 
coffee trees each, 844 with over 100,000 trees each, 
and 64 with over 500,000 trees each. Of these 


plantations, 500 use water power, and 1,243 
steam.” Brazilian planters complain that only 
their inferior grades of coffee are known 


abroad in their truc character, their better qualities 
being sold under the disguise of such titles 
as ‘‘ Mocha,” “Java,” “ Martinique,” &c. It is 
said, even, that this spurious trade is strengthened 
by the shipments of Brazilian coffee from various 
parts of Europe to Egypt, and thence to Arabia, 
wid Aden and Jeddah, &c., so that it may there be 
packed in Mocha fashion, after which it is shipped 
to Syria or other places, or returned to Egypt as 
genuine Mocha. The total production of coffee in 
Brazil, which amounted to 4,622,000 bags in 1889- 
90, rose in 1894-95 to 6,977,000 bags, and in 1899- 
1900 to 11,000,000 bags, the bag containing about 
132 Ibs. 


EXPERIMENTS WITH SOUND SIGNALS. 


Twenty-five years ago the Trinity House Corpora- 
tion, with the advice and assistance of Professor 
Tyndall, carried out some interesting experiments at 
the South Foreland near Dover, in regard to the use 
of sound for signalling to the mariner, to warn him of 
his proximity to danger at times when fog or other 
kinds of thick weather prevented his seeing the land 
or sea-marks by day or the guiding or warning lights 
at night. The scientific aspect of the question is fully 
given in the late editions of Tyndall on Sound, and 
the practical results obtained have been shown in the 
large increase in the number of fog signal stations 
around our coasts, and the adoption of certain instru- 
ments for producing sounds which had not previously 
been employed in this country. With the lapse of 
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time and the growth of the coast fog signal system 
new knowledge has been gained and new develop- 
ments have taken place, and it has become necessary 
to test by practical and comparative experiments the 
value of certain theoretical improvements which have 
from time to time been introduced, and to endeavour 
to determine some moot points which have arisen in 
connection with the general question. Accordingly a 
special committee of the Elder Brethren of Trinity 
House was appointed, the Deputy-Master being 
chairman, with whom were associated Lord Rayleigh, 
as scientific adviser, and the engineers of the three 
lighthouse boards, to consider the present position of 
the subject and to carry out such experiments as they 
might regard as necessary. St. Catherine’s Point, in 
the Isle of Wight, was selected for the trials. Here 
there is a lighthouse with a powerful electric arc light, 
produced by steam power which also serves for com- 
pressing air into receivers for sounding a permanent 
fog signal. 

At this station the committe have now been carry- 
ing on their work during the past two or three weeks, 
observations being made at sea each day by members 
of the committee on board the Trinity yacht /rene. 
One important question upon which the committee 
have been engaged is that of the relative merits of 
sirens as sound-producing instruments, as compared 
with reeds. It does not seem probable that the 
vibrations set up by means of a reed can possibly be 
so powerful as those produced by means of a siren, 
and it will be interesting to learn the results of the 
committee’s observations on this point. The form 
of the trumpet or sound projector is also receiving 
considerable attention, Lord Rayleigh himself having 
certain theoretical views on the point which he desires 
to have practically tested. The relative merits of 
notes of different pitch, in regard to their capability 
of penetrating the atmosphere under unfavourable 
conditions, is another branch of the inquiry which is 
being followed up by the committee, and some useful 
information on this point may result from the experi- 
ments. The question of the most effective and 
economical utilisation of power for operating sound 
signals is also receiving much consideration. It is 
obvious that there must be limitations in respect of 
the size of instruments and the development of power 
for working them. Other matters for inquiry and 
experimental test are questions connected with the 
best site for a land sound signal, regard being had to 
the nature of the coast line and the neighbouring 
physical features; also how a sea area which is to be 
guarded can be most efficiently covered by the sound 
of the signal. The various forms of siren and reed 
vibrators have come into the trials, with the view of 
deciding which form, size, and description of vibrator 
is best adapted for producing the sounds; and 
questions respecting pressure, air consumed, and 
length of blast, are also being deal with. The investi- 
gations ought to yield some very interesting results, 
which it is hoped will in Cue course be published.— 
Times. 
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SCHOOL GARDENS IN SWEDEN. 

The largest nursery in Sweden is the so-called ex- 
periment ground, near Stockholm, belonging to the 
Royal Academy of Agriculture. There are many 
others, however, in the southern and central provinces, 
also in the northern part of the kingdom, as far uorth 
indeed as Lulea (nearly 66° north latitude). The 
methods employed in propagating trees and shrubbery 
are the same as in other countries. The process of 
development which gardening in Sweden has under- 
gone of late years is to be attributed in a large 
measure to the encouraging example of a number of 
large estate owners, and to the interest taken in the 
subject by the Government, agricultural societies, and 
private associations. Besides the two important 
botanical gardens at Upsala and Luna, which are more 
especially intended for academic tuition, there are the 
experiment grounds of the Royal Academy of Agri- 
culture, where many park and fruit trees and 
ornamental shrubs are grown. The United States 
Consul-General at Stockholm says that the school 
for gardeners at the experiment grounds of the 
Royal Academy of Agriculture and the school of 
the Swedish Horticultural Society are the chief 
educational institutions devoted to agriculture in the 
kingdom. Instruction in gardening is also imparted 
at the Bergius Gardens, near Stockholm, at the agri- 
cultural high schools of Ultuna, and Alnarp, and at 
the schools of agriculture distributed over the whole 
kingdom; all these institutions being under the con- 
trol of the Royal Academy of Agriculture. The 
firmest basis for the branch of culture lies, however, 
in its being made a subject of national education. 
Gardening is taught at the seminaries for national 
school teachers, and at the national schools in the 
kingdom school gardens have been established. 
The different parishes must grant the necessary ground 
for these gardens, which contain the usual culinary 
herbs, a few medical plants, an arboretum, &c. The 
children are taught the best methods of gardening, 
and each year they receive trees and shrubs to plant 
at theirown homes. The agricultural societies em- 
ploy so called ‘master gardeners of the province,” 
who aid the public with advice and information. 
Horticultural societies, to the number of about twenty, 
are spread all over the kingdom, and are active in 
promoting exhibits, printing and distributing publica- 
tions, imparting instruction, and supplying plants and 
seeds, 


Correspondence. 


eet aera 
FORESTRY IN MADRAS. 


To those who cherish Hugh Cleghorn’s memory, 
the remarks of Sir George King in your Journal of 
June 28th are deeply gratifying, and they are none 
the less so to the numerous friends of Generals 
Frederick Cotton and James Michael who happily 
survive. 

Sir Mountstuart Grant-Duffand Sir Dietrich Brandis 


would, I feel sure, be amongst the first to endorse 
and corroborate those remarks. No more generous 
tribute to the capacity and tact of Dr. Cleghorn's 
forest policy in Burmah could have been paid than 
that given by the expert forester (Dr. Brandis) who 
succeeded him, when he maintained that policy in its 
entirety. 

In forests imperfectly demarcated and racked by 
years of unchecked misusage, the only possible policy 
was, as far as might be, the prevention of further 
waste, and Dr. Hugh Cleghorn was, in the truest 
sense of the word, the first conservator of forests in 
India. 

May I be permitted, without going over the ground 
already traversed by Sir George King, to thank him 
for his well-timed and grateful letter. 

GEORGE CADELL. 
(Late Indian Forest Department, Madras.) 


Obituary. 
a 


JOHN FARMER.—Mr. John Farmer, who has acted 
as Examiner for the Society’s Practical Examinations 
in Music since 1895, died at Oxford on the 17th inst. 
He had been in failing health for some time, and last 
year he was unable to conduct the Examination in con- 
sequence of his illness. 

Mr. Farmer, who was of German descent, was 
born at Nottingham in 1835, but his early days were 
spent in Germany. He went to Harrow in 1862 as 
school organist and music master, and the result of 
his influence on musical teaching in the school was 
very remarkable. When he first went there, there was 
no music at Harrow worthy of the name, though tkere 
was a school choir and a small Musical Society. Mr. 
Farmer’s energy soon changed this state of things, 
and he succeeded in imbuing the school authorities 
with his own enthusiasm for music. When he left in 
1885, every house had a Musical Society of its own, 
and the contests in singing between the various 
houses formed a part of the regular proceedings of 
the school year. To all the latter generations of 
Harrovians, the school songs of the late Mr. Bowen 
are familiar, and they certainly owe the larger part of 
their popularity to the music to which Mr, Farmer set 
them. When he left Harrow, he went to Balliol to 
do work of a somewhat similar character in Oxford, 
where he succeeded in raising the general apprecia- 
tion of music among the undergraduates to a very 
much higher standard than existed on his arrival. 

When he was appointed Examiner to the Society, 
he induced the Council to approve of very consider- 
able alterations in the existing system, alterations 
which have justified their introduction by the increase 
not only in the numbers of the candidates, but in the 
quality of those entering. Few men can have done so 
much to foster a love of good music among those who 
came under his influence, and his death leaves a blank 
in musical education which it will be difficult ta 
supply. . 
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Notices. 
S 


EXAMINATIONS. 


The dates fixed for the Examinations in 1902 
(General Examination, Grade II., and Pre- 
liminary Examinations, Grade I.), are Monday, 
Tuesday, Wednesday, and Thursday, April 
14th, 15th, 16th, and 17th. 

The Programme for 1902 is in preparation, 
and will shortly be issued. The Examinations 
for Grade I. and Grade II. will be on similar 
lines to those of the present year, no important 
changes having been made. The proposal to 
add a third, or Advanced Grade, will not be 
carried into effect at the next Examinations. 

The results of the Examinations, held at 
the end of last March, have been published. 
Copies can be obtained at the Suciety’s office, 
price, Grade II., 6d. ; and Grade I., 3d. each. 


Proceedings of the Society. 


a. 


CANTOR LECTURES. 


THE BEARINGS OF GEOMETRY ON THE 
CHEMISTRY OF FERMENTATION. 


By W. J. PoPE. 
Lecture I.—Delivered February 11, 1901. 


The idea that the material part of our 
universe is built up of very minute particles 
or atoms, the division of which is inconceiv- 
able, has been almost an article of faith 
amongst thinking mankind for upwards of 
two thousand years; the formulation of an 
atomic hypothesis as a doctrinal system, 
capable of experimental verification and 
capable of guiding experimental work, was, 
however, only achieved during the earlier 
years of the last century. The chemists of 
the 18th century had firmly established the 
fact, that the material part of the universe 


is composed of simple bodies or elements 
which cannot be resolved into others of a less 
complex nature; the work of determining the 
relation between the elements and the com- 
pound substances derived from them remained 
to be done during the first part of the 
19th century. In 1808, John Dalton enun- 
ciated his atomic theory in terms which may 
be stated as follows :—(1). Every element is 
made up of homogeneous atoms whose weight 
is constant. (2). Chemical compounds are 
formed by the union of the atoms of different 
elements in simple numerical proportions. 
These two statements have so well withstood 
the critical investigation resulting from more 
than ninety years of unparalleled scientific 
activity, that they still remain practically 
axiomatic. Every material with which we 
have to deal is thus, in the end, composed 
of elements. The atoms of the elements 
group themselves together, forming molecules 
which may be either molecules of an element, 
that is, molecules composed of one or more 
atoms of the same clement, or molecules of a 
compound, that is, molecules composed of 
several atoms of different elements. By 
assigning a symbol to the atom of each of the 
eighty or so elements with which we have up 
to the present become acquainted, such as H 


for the atom of hydrogen, O for that of oxygen, 


and S for the atom of sulphur, we can write in 
a convenient kind of shorthand the composi- 
tion or formula of the molecule; thus, the 
formula, H; SQ,, denotes a molecule composed 
of two atoms of hydrogen, one of sulphur, and 
four of oxygen. 

Certain well-marked regularities become 
evident from an inspection of the formule of 
compound substances whose molecules con- 
sist of atoms of two different elements. 
Consider the following table which states the 
molecular compositions of a number of such 
compounds, the molecules of which consist of 
one or more atoms of hydrogen combined with 
one atom of a second element. 


TABLE I. 
FH OH: NH3 CH; 
ClH SH: PH3 SiH: 
BrH SeH, AsH3 — 
IH TeH, SbH3 — 


It will be seen that the atoms of the various 
elements, whilst combining with hydrogen, 
associate themselves with different numbers of 
atoms of hydrogen—the elements possess 
different atom-fixing powers, and to this atom- 
fixing power the name valency is applied. 
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Since an atom of hydrogen never combines 
with more than one atom of another element, 
hydrogen is conveniently taken as the standard 
mono-valent element, and other elements are 
described as mono-, di-, tri-, or tetra-valent, 
according as one atom combines to form a 
chemical molecule with one, two, three, or 
four atoms of hydrogen. Although it is con- 
venient to regard hydrogen as the standard 
mono-valent element, it is in general not easy 
to adopt hydrogen as a practical standard, 
because this element does not form stable 
compounds with many of the elements. 
Chlorine, hoWever, is also a mono-valent 
element and, unlike hydrogen, does form 
stable compounds with nearly all the elements, 
and it will be seen on comparing Table II. 
which states the molecular compositions of a 
number of simple chlorine compounds, with 
Table I., that most of the compounds noted in 
Table I. recur in Table II., with the sole differ- 
ence that each atom of hydrogen concerned in 
the former is replaced by an atom of chlorine 
in the second table. 


TABLE II. 

ae OC}. NCh CCl 

e SC], PCl; SiCl, 
BrCl ° — AsCls —_ 
ICl TeCly SbCl; — 
NaCl SC], — TiCh 
KCl SeCh PCl; ZrCl 
RbCl TeCh, — Sn0ly 
CsCl — SbCls s 


In the lower part of Table II. are given the 
molecular compositions of a number of chlorine 
compounds which have no analogues amongst 
the hydrogen compounds ; and since a chlorine 
compound can be prepared of similar moleular 
composition to any of the above-mentioned 
hydrogen compounds, it is justifiable to deduce 
the valency of those elements which do not 
combine with hydrogen from the molecular 
compositions of their chlorine compounds. At 
the same time, it should be mentioned that 
there are reasons why the chlorine compounds 
do not wholly replace the hydrogen compounds 
in the determination of valency. The im- 
portant step in advance involved in clearly 
expounding this doctrine of valency was made 
by the late Sir Edward Frankland in 1852. 

Although the views current amongst the 
chemists of the early part of the roth 
century concerning the relations between ele- 
ments and compounds, and between atoms 
and molecules, would pass at the present time 
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as quite orthodox, the atomic theory was des- 
tined to develop in directions of which its 
authors can scarcely have dreamed. The 
older chemists probably regarded the con- 
dition of the atoms in a molecule as some- 
what akin to that of marbles in a bag; in 
spite of casual speculations they can have had 
no well-founded belief that molecules possess a 
perfectly definite structure, or that the con- 
stituent atoms are fitted together in the mole- 
cule like the parts of an architectural design. 
The first indication that chemical molecules 
are in reality structured objects, was derived 
from a paper published by Liebig in 1823, 
in which it was shown that cyanic acid 
and fulminuric acid have the same compo- 
sition, namely, HCNO, although the two 
substances possess markedly different proper- 
ties ; this obviously could only be the case if 
the arrangement of the atoms in the molecule 
is different in the two substances, or if, as was 
indeed, ultimately found to be the case with 
cyanic and fulminuric acid, the molecule of the 
one substance is several times as large as that 
of the other. The possible existence of two or 
more compounds having identical molecular 
compositions is more conveniently illustrated 
by the cases of ethyl alcohol and methyl ether ; 
these two substances have the molecular com- 
position, C,H,O, but the former is a liquid 
boiling at 79° C., whilst the latter is gaseous at 
ordinary temperatures. Their separate exist- 
ence is due to their different molecular struc- 
tures; ethyl alcohol has a molecular constitu- 
tion diagrammatically expressed by the scheme 


H H 
n—t_d_o-H 
HOH 


whilst in methyl ether the atomic arrangement 
is similarly indicated by the scheme 


H H 
n—t_o—d_u. 
H 


The one substance is composed of molecules in 
which two atomic groups or radicles of the 
composition CH; are united through the inter- 
mediary of an oxygen atom, whereas in the 
other, one radicle having the composition C-H, 
is attached to an hydrogen atom by means of 
an oxygen atom. Substances such as these, 
possessing the same molecular composition but 
different molecular constitutions or structures, 
are conveniently termed chemical tsomerides. 
It should be noted as all-important that in 
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assigning constitutions to isomeric compounds 
the valencies of the different elements entering 
into the molecular composition must be re- 
spected ; in the above case the tetravalency of 
carbon, the divalency of oxygen and the mono- 
valency of hydrogen are preserved throughout 
the two constitutional formulæ. Structural 
formulæ, such as these now described. were 
first successfully introduced by Kekulé in 1858, 
and are the direct outcome of Frankland’s 
doctrine of valency; had the latter immediately 
found the general acceptance which it deserved, 
it is probable that considerable time would 
have been saved in the working out of the 
theory of chemical structure. 

Up to about 1870 the method just described 
of diagrammatically representing the struc- 
ture of chemical molecules by indicating the 
way in which the component atoms are linked 
together in accordance with the law of valency, 
answered perfectly in the cases of thousands of 
organic compounds to which it had been 
applied; towards that year, however, several 
very puzzling anomalies were forced upon 
the notice of chemists. Thus, in 1869, 
Wislicenus definitely proved the existence of 
two different substances having the structure 
of lactic acid, and it was further evident from 
Wislicenus’s work that, in all, three different 
lactic acids of identical structure could exist. 
The structure of lactic acid having been fully 
proved to be the following :— 


H 
a 
Tonner G 


Wislicenus’s contention, that he had conclu- 
sively demonstrated the insufficiency of the 
current mode of writing structural formule, 
had to be granted. The number of isomerides 
actually prepared was greater than that 
indicated by the theory. Another instance in 
which a similar discrepancy arose is that of 
the tartaric acids, which had been previously 
studied by Pasteur. These acids are some- 
what more complex than the lactic acids, and, 
possibly for that reason, their investigation 
scarcely brought the inadequate nature of the 
older views of chemical structure so forcibly 
before the notice of chemists as did the 
examination of the three lactic acids. 

The explanation of the apparent anomaly 
was furnished by van’t Hoff and Le Bel in 1874; 
curiously enough, it was found that the theory 
of chemical structure had been accepted in too 
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abstract a form, and, by introducing notions of 
a far more concrete nature into the older 
theory, the two chemists mentioned succeeded 
in giving a new tenure of usefulness to a hypo- 
thesis which otherwise seemed to be on the 
wane. The fact that the theoretical founda- 
tion underlying our views on valency and 
chemical structure has proceeded from the 
abstract to the concrete, rather than from the 
concrete to the abstract, as has been the case 
with most of the hypotheses of science, is very 
noteworthy, and is, perhaps, responsible for 
the great hold which the theories in question 
have attained over the minds of chemists. 

The older method of considering structural 
formulz consists essentially in regarding the 
molecule as extended only in a plane; this in 
itself lends an air of artificiality to the struc- 
tural formulz, since molecules would naturally 


` be thought of as solid bodies possessing exten- 


sion in three-dimensional space. Van’t Hoff and 
Le Bel, considering molecules as solid bodies, 
enquired into the possible ways in which the 
four atoms of hydrogen might be arranged 
with respect to the one atom of carbon in the 
molecule of the substance methane ; this 
has the molecular composition CH, and the 


structure 
H 


| 
H—C—H. 


| 
H 


They concluded that the four hydrogen atoms 
are arranged around the carbon atom, but 
that all five atoms do not lic in the same plane. 


\ Z 
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The hydrogen atoms, instead of lying in a 
plane with the carbon atom, and so giving to 
the methane molecule the plane configuration 
represented in Fig. 1, are supposed to lie at 
the apices of a regular tetrahedron of which 
the centre is occupied by the carbon atom 
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itself, as shown in Fig. 2; in these two figures, 
the valency forces, which hold the component 
atoms together in the molecule, are represented 
by double dotted lines. Upon the newer view, 
a solid or space ‘configuration is naturally 
attributed to the molecule and, if the structural 
formule assigned to the molecules of organic 
compounds are anything more than a diagram- 
matic scheme faintly representing the true 
state of affairs, it must be admitted that the 
van’t Hoff-Le Bel hypothesis is contaminated 
with far less of the taint of artificiality than the 


FIG. 2. 


one it was destined to augment. The older 
view attributes to the molecule of methane a 
less degree of symmetry than the newer one 
in that the plane configuration of the molecule 
possesses but five planes of symmetry whilst 
the tetrahedral configuration indicates the 
presence in the molecule of six planes of sym- 
metry. 

The tetrahedral configuration is compara- 
tively unimportant as applied to so highly 
symmetrical a molecule as that of methane, 
but very far-reaching consequences result from 
its application to methane molecules in which 
some or all ofthe four hydrogen atoms are re- 
placed by atomic groups or radicles, so as to 
yield compounds in which the carbon atom is 
left directly attached to four atomic groups of 
different kinds. If in methane, we imagine 
three of the hydrogen atoms replaced by the 
three groups CH;, COOH, and OH, a sub- 
stance is obtained, the molecule of which, in 
accordance with the tetrahedral configuration, 
should consist of the four atomic groups, H, 
CH;, OH, and COOH, each situated at one of 
the apices of a tetrahedron, the centre of which 
is occupied by the carbon atom. Sucha mole- 
cule has no plane of symmetry, and is even 
lacking in a centrum about which it is sym- 
metrical ; two different ways of arranging four 


different groups at the apices of a regular 
tetrahedron are possible, and these are repre- 
sented in the case of lactic acid, by Figs. 3 
and4. Two different lactic acids, correspond- 
ing to these two figures, should therefore exist ; 


H 


CH, 
CO,H 
OH 
FIG. 3. 
CH 
H 
HO 
CO,H 
FIG. 4. 


these it is important to note, differ in configu- 


ration, but both possess the following 


structure :— 
H O-H O 


ae eG 
| 


| No—H 
H H 


It is now necessary to enquire in what ways 
these two molecular complexes of identical 
structure, but different configurations, might 
be expected to differ from each other. The 
two configurations are identical in all such 
respects as dimensions, distances between the 
various parts, &c.; they differ in that the one 
configuration is the mirror-image of the other. 
This difference is of the same kind as that 
existing between a right and a left-hand 
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glove, or a nght and a left-handed corkscrew 
or spiral, in fact, the difference is the same as 
that always existing betwen a right and a 
left-handed object, and this being the case, it 
is convenient to distinguish between two such 
configurations as those assigned to lactic acid, 
by terming them the right and left-handed or 
the dextro- and lævo-configuration. Further, 
figures which are not identical with their 
mirror-images are termed enantiomorphous, 
and if the two enantiomorphously related 
figures are those representing configurations of 
molecules, the two substances are described as 
optical tsomerides. 

Two optical isomerides must necessarily 
possess absolutely identical properties, in so 
far as those properties are incapable of expres- 
sing an enantiomorphous relationship ; no 
means of discriminating between them by the 
aid of such properties as the melting point, the 
extent of their solubilities in various solvents 
and so on, would be possible. This is easily 
seen by considering the case of aman who, 
being enantiomorphous, may be conveniently 
described as a dextro-man; imagine him sud- 
denly converted into his mirror-image, that is, 
converted into a levo-man. The man himself 
would perhaps not immediately notice the 
change, because he would be able to use non- 
enantiomorphous objects and perform non- 
enantiomorphous acts with the same facility as 
before; he could thus use the chairs and 
tables which he possessed as a dextro-man, 
walk as fast, and cultivate as good an appetite 
as before. Immediately, however, he endea- 
voured to usec some enantiomorphous object to 
which he had been accustomed in his dextro- 
state he would discover that something was 
wrong. His dextro-clothes would button on 
the wrong side, his dextro-piano would have 
the bass keys on his right instead of on his 
left side; he would be unable to read an ordinary 
dextro-book but would probably soon discover 
that he could do soby turning it intoa levo-book, 
namely, by looking at its reflection in a mirror. 
Suppose that the dextro-man and his mirror- 
image, the levo-man, met in the house which 
originally belonged to the former, discrimina- 
tion between them would be at once possible, 
because the dextro-man could prove his right 
to ownership by his ability to use the dextro- 
furniture and to wear the dextro-clothes, whilst 
the levo-man would betray himself as an im- 
poster by the clumsiness with which he would 
handle many of the articles in the house. 

This somewhat absurd illustration affords us 
enantiomorphous human beings a hint as to 


how we might distinguish between the dextro- 
and lzvo- configurations of chemical sub- 
stances; we see that it is quite impossible to 
discriminate by means of propertics which are 
not themselves enantiomorphous, but that dis- 
tinction should be possible by the aid of pro- 
perties which are themselves cnantiomorphous 
in just the same way that the dextro- and levo- 
man could be distinguished by their behaviour 
towards the enantiomorphous piano, clothes, 
and books. The first enantiomorphous property 
which was thus applied was that of the circular 
polarisation of light. On passing a ray of 
light, plane polarised in a particular plane, 
through a column of an enantiomorphous sub- 
stance in the liquid state, the ray, on emerging 
at the further end of the liquid column, is found 
to be still plane-polarised, but the plane of 
polarisation of the emergent ray is inclined at 
an angle to the plane of polarisation of the ray 
which originally entered the column. The in- 
clination of the planes of polarisation of the. 
entrant and emergent rays is to the right hand 
in the case of the one enantimorphous sub- 
stance, and to the left hand in the case of 
the compound which has a configuration the 
mirror-image of that of the first. Further, if 
liquid columns of the same length of toth 
dextro- and lzvo-isomerides, be examined, the 
deflection of the plane of polarisation is as 
much to the right in the one case as it is to 
the left in the other; the deviation is, in ad- 
dition, directly proportional to the length of 
the column examined; but for columns of the 
same length, the deflection is quite different 
for light of different colours or wave-lengths. 
This deviation of the plane of polarisation 
of plane-polarised light during its passage 
through an enantiomorphous medium is termed 
optical activity, and such media are said to be 
optically active and to possess rotatory power ; 
the change which takes place in the ray of 
polarised light on its entrance into an optically 
active medium is not really of the nature 
of a rotation, but is, for illustrative purposes, 
conveniently considered as if it were. For all 
practical chemical purposes we may suppose 
that the ray of light pursues a helical path 
through the optically active liquid, and this 
helical path may beeither a right ora left-handed 
one. The extent of the rotation set up during the 
passage of a plane polarised ray of a particular 
wave-length through a column of an optically 
active substance of standard length, is 
termed the specific rotatory power of the 
substance towards light of the wave-length 
employed, and is an important experimentally 
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determined constant of optically active sub- 
stances. It is important to note that this 
optical activity is only exhibited by the sub- 
stances referred to when they are in an 
amorphous condition, that is to say, when they 
are liquid, either melted or dissolved in a 
solvent, or in the gaseous state; when crystal- 
lisation of an optically active liquid occurs, 
the optical activity in general disappears. 
The optical activity of a liquid substance is 
usually stated as a so-called specific rotatory 
power ; this is denoted by the sign [a], and is 
the rotation of the plane of polarisation, 
measured in angular degrees, set up in column 
of the liquid of which the length is one deci- 
metre divided by the density of the liquid. If 
the optically active substance is examined in 
solution its specific rotatory power is cal- 
culated as 
— av 
[ea] = Tp 

where ais the rotatory power actually set up 
in a column Z decimetres long of a solution 
containing > grams dissolved in v cubic centi- 
metres. For many purposes it is convenient 
to have a measure of rotatory power involving 
the molecular weight of the optically active 
substance; such a measure is called the mole- 
cular rotatory power, and is obtained by 
multiplying the specific rotatory power by the 
one-hundredth part of the molecular weight of 
the substance referred to hydrogen as unity. 
The colour of the light for which the rotatory 
power is given is indicated by appending the 
letter which describes the particular kind of 
light used in the Fraunhofer spectrum. 

It is now possible to explain the existence of 
three different lactic acids, and in addition to 
clearly define the limits of applicability of the 
older structural formule and of the newer 
geometrical representation of molecular con- 
figurations. The first lactic acid was obtained 
by Scheele in 1780 asa product of the souring or 
of the lactic fermentation of milk ; it is optically 
inactive and is now prepared on the large scale 
by a method given by Lafar which consists in 
converting the maltose or malt sugar contained 
in sterile beer wort into inactive lactic acid by 
means of a fermentation set up in it by the 
Bacillus acidificans longissimus. The 
second lactic acid was isolated by Berzelius in 
1808 as a constituent of meat extract, and was 
proved to differ from the inactive fermentation 
lactic acid by Liebig in 1847; it was termed 
sarcolactic acid in allusion to its origin and, 
being dextrorotatory in aqueous solution, is 


now usually known as dextro-lactic acid. 
Dextro-lactic acid is also formed as a product 
of bacterial action upon various sugars, and ` 
has been proved to be a component of inactive 
lactic acid. Purdie and Walker (Trans. 
Chem. Soc., 1892, 754) separated it by a 
purely chemical method from inactive lactic 
acid, whilst Lewkowitsch (Berichte, 16, 2720) 
obtained it by the fermentative action of the 
mould Penicillium glaucum upon the inac- 
tive acid. The third isomeride was obtained 
by Schardinger (Monatsheft, 11, 545) as a pro- 
duct of the action of the Bacillus acidi 
levolactici upon cane sugar solutions, and is 
called lævo-lactic acid because it is kevc- 
rotatory in aqueous solution to the same extent 
as dextro-lactic acid is dextrorotatory; Purdie 
and Walker have, by a purely chemical pro- 
cess, separated lævo-lactic acid as the second 
component of inactive lactic acid. 

The few facts enumerated above give 
sufficient data for the formal proof that inactive 


lactic acid is a mixture of equal weights of two 


enantiomorphously related and optically active 
lactic acids, termed the dextro- and lævo- 
acids (or, for the sake of brevity, the d- and l- 
acids). The relationship existing between 
these two isomerides is the same as that 
existing between a right and a left hand or 
between a right hand and its mirror-image. 

In organic chemistry, we are concerned to 
a considerable extent with the preparation of 
complex products from comparatively simple 
materials ; and it therefore frequently happens 
that substances capable of exhibiting optical 
activity are, in these operations, produced from 


compounds which are not enantiomorphously 


related. For the discussion of these cases, it 
is convenient to classify chemical substances 
generally under two headings, according as 
they are, or are not, identical in configuration 
with their mirror-images. On converting a 
substance which is identical with its mirror- 
image into one which is enantiomorphous, it is 
important to note that the product is optically 
inactive; this because the two enantio- 
morphously related isomerides are produced 
with equal ease from the non-enantiomorphous 
material, and consequently, both the dextro- 
and the laevo-isomeride are produced in equal 
quantity. The resulting product is said to be 
externally compensated. Thus, propionic acid 
has the constitution— 


i 17 
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and, by a simple series of operations, can be 
caused to exchange one of its hydrogen atoms 
for a so-called hydroxyl-group, a group of atoms 
consisting of an hydrogen and an oxygen atom 
linked together ; the product is lactic acid— 


H O—H 
| | O 
H-C—C L 
| | \O-H 
H H 


Propionic acid being a substance of non- 
enantiomorphous molecular configuration can- 
not exhibit optical activity; the lactic acid 
produced from it, of course, posseses an enan- 
tiomorphous configuration, but during the 
exchange of a hydrogen atom in the CH, group 
of the propionic acid for an hydroxyl group, 
cither of the two hydrogen atoms becomes 
replaced with equal facility, and the resulting 
lactic acid is consequently a mixture of d- and 
l-lactic acid in equal proportions. This result, 
that the synthetic preparation of a substance 
of enantiomorphous molecular configuration 
from materials which are not enantiomor- 
phous, always leads to an externally com- 
pensated product, has been repeatedly ex- 
perimentally verified. 

Some risk is incurred of conveying more than 
is actually intended by the application of popu- 


lar terms such as right and left-handed, even ° 


under the classical form of dextro- and lavo-, 
_ to the description of chemical compounds. To 
obviate this, it should be pointed out that in 
ordinary parlance the term right-handed is 
tacitly regarded as applicable to properties or 
objects appertaining to human beings. These 
latter, as already remarked, are enantiomor- 
phous, and, indeed, all of the one configuration, 
which for descriptive purposes we call the 
dextro-configuration; the enantiomorphously 
related human being—he of the lævo-configura- 
tion, the optically active substances in whose 
body juices are of the opposite configuration to 
those peculiar to the ordinary man, whose 
intestinal tract is wound in the opposite direc- 
tion to that of the dextro-man—does not exist 
in our planet. We might, however, quite 
conveniently exchange the terms d- and l- or 
right and left-handed, and then ordinary men 
would be lzvo- or left-handed men, those of the 
unknown configuration, right-handed or dextro- 
men. The terms right and left-handed are, in 
fact, merely complementary, and have purely 
conventional significations. This becomes 
clearer when we have to decide as to what 
names shall be applied to optically active sub- 
stances, objects which cannot be directly cor- 
related with either a dextro-man or a lævo-man. 


In dealing with any particular class of optically 
active compounds, it is usual to term the most 
important or the parent member of the class 
dextro or lævo, according to the sign of its 
rotatory power and to prefix the same configura- 
tion name to all the derived substances. Thus, 
ordinary grape sugar is dextrotatory and is 
called dextro-glucose ; the sugar contained in 
honcy is, however, lxvo-rotatory, but being 
convertible by simple operations into d-glucose, 
it is named dextro-fructose. This apparent 
contradiction is, however, not an inconsistency, 
because the configuration names are conven- 
tional, and because the sign of the optical 
activity is not directly indicative of the actual 
space configuration possessed by the sub- 
stance concerned; although we have proved 
that the two optically active lactic acids are 
correctly represented by the configurations 
given in Figs. 3 and 4, we have no knowledge 
as to which space configuration actually be- 
longs to d-lactic acid. 

We may now usefully survey the series of 
events which has lead to our present firm belicf 
in the substantial truth of the geometrical or 
three-dimensional space method of dealing 
with chemical structure. In 1808 Dalton 
placed the atomic theory upon a substantial 
basis ; in 1852 Frankland brought forward the 
doctrine of atom-fixing power or valency, which 
led to the evolution by Kekulé, in 1858, of the 
theory of chemical structure. Lastly, the in- 
sufficiencies of the structural theory were reme- 
died by the theory of molecular configuration 
expounded by van’t Hoff and Le Bel in 1874. 
The theory of structure tells us how the atoms 
are linked together inthe molecule, whilst van’t 
Hoff and Le Bel’s theory of configuration indi- 
cates the relative arrangement in space of the 
atoms or atomic groupscomposing the molecule. 

It will be observed, that each step forward 
in our knowledge of molecular anatomy has 
been really a simplification, in that it has ren- 
dered the whole theoretical system less abstract 
and more easily conceivable; the operations 
of the atomic theory must, in Dalton’s time, 
have seemed very lawless and casual, whilst 
now we can foresee chemical events to an 
extent previously inconceivable. We now 
await the next great step forward, the step 
which will give us a clear understanding of the 
nature of valency; we must now learn whether 
this atom-fixing power has its origin in a kind 
of equilibrium between gravity forces, as would 
perhaps seem most natural, or whether the 
atoms really exercise attractive forces of some 
peculiar nature in particular directions. 
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The following Table shows the relative consumption 
Miscellaneous. of tea and coffee during the year 1900, in each of the 
countries named :— 
Tea. Coffee. 
THE WORLD'S TEA AND COFFEE Countries, a A 
CONSUMPTION. United Kingdom ...... 250 «+2 29 
Nearly half a billion pounds of tea were consumed Russia ..esessesessso IIJ sss. 18 
in the year 1900 in countries other than the sources of United States .... sese 83 seso 749 


production. The United Kingdom is the world’s 
preatest importer, having taken for consumption 
during the year 1900, in round numbers, 250 million 
pounds of tea, as against 116} millions imported for 
consumption by Russia, 83-3 millions by the United 
States, 7} millions by the Netherlands, about 
6} millions by Germany, and nearly 24 millions by 
France. A comparison of the tea consumption of the 
past year, with that of earlier periods, discloses the 
fact that tea is becoming more popular as a beverage 
in European countries, though little more than hold- 
ing its own in the United States, where coffee is the 
favourite beverage. The five European countries— 
United States, Russia, Netherlands, Germany and 
France—took for consumption in 1890, 274 million 
pounds of tea; and in 1900, 383 million pounds; an 
increase of 40 per cent. The United States, on the 
other hand, has not materially increased her con- 
sumption of tea during that period, 83 million pounds, 
according to a recent United States report, being the 
consumption for both the initial and final dates of 
the period under consideration. The relative popu- 
larity of tea and coffee in the United States and the 
United Kingdom may be seen from the fer capita 
consumption of those articles in the two countries. 
For the year 1900 the relative ger capita consumption 
in the United States was 9°8 pounds of coffee and 
t'I pounds of tea; in the United Kingdom, 6 pounds 
of tea and -71 of a pound of coffee. The net imports 
of tea into the United States have remained almost 
stationery since 1890, having been 83,494,956 pounds 
in that year, and 83,303,177 pounds in 1900, and for 
the fiscal year 1901, are expected to be approximately 
90,000,000. Into the United Kingdom, the imports 
of tea for consumption have increased from 194,000,000 
pounds in 1890 to 250,000,000 pounds in 1900. The 
net imports of coffee into the United States have 
increased from 490,000,000 pounds in 1890, to 
749,000,000 pounds in 1900; while into the United 
Kingdom 28,000,000 pounds were imported for con- 
sumption in 1890, and 29,000,000 in 1900, the 
growth being almost imperceptible. The following 
Table shows the exports of tea from the four principal 
countries of production in 1898, 1899, and 1900 :— 


1898. 1899. 1900. 

Countries. Million Million Million 
pounds. pounds. pounds. 

China ....00 205 cese 217 seve 184 


*India ....0. 157 ».... IJS esse 189 
"Ceylon .... IIQ es.. 138 wooo 149 
Japan .....6. 4I eee 46 cece 43 


® Year ended 31st March. 


Netherlands .......00. 8 .... 86 
Germany @voeveveeeanvsne 7 eeece 352 
Francë cakes awaseive 2 eee. 180 


The relative consumption of tea in the United 
Kingdom and the United States is shown in the 
following Table, which compares the imports for con- 
sumption in the United Kingdom, with those in the 
United States, in each of the years from 1890 to 1900 
inclusive :— 


Imports af Tea for Consumption into 


United Kingdom. United States. 
Year. Million pounds. Million pounds. 
1890 ssccsvoeces 194 cvvssssces 933 


180) sursson 3202. anerian 182 
1392. sdcgeiwiee. 207 mireris 90 
180% sunsaeaas 208° sennsacce: . 88 
1604 aopisdegae “214 ainina . 92 
1895. Aséetedeee 222 acsetvacva, 796 
1606: stucuvante 228: vwasecsete D3 
1897 ~icuoesnece 290. sydsidan. “203 
1808 séicsavedew- 235 tavesreesa: -08 
1990. aaiisiotasas, “262. surreta TS 
1000: syeisweees. 250: Aiudaseane. 83 


An interesting feature of the development of the - 
tea trade, so far as the United States is concerned, is 
the increasing proportion which India and Ceylon 
supply of the imports into that country. The ex- 
ports of tea from India to the United States increased 
from 228,000 pounds in 1895 to 1,414,000 pounds 
in 1899, and those from Ceylon increased from 
183,000 pounds in 1895 to 2,060,000 pounds in 1899. 


SHIPPING TRADE OF NEW SOUTH 
WALES. 


The rapid expansion of the Australian shipping 
trade continues undiminished. In New South Wales 
it was larger in 1900 than in any previous year, the 
tonnage being 8,014,889, against 6,995,551 in 1899, 
and 5,694,236 in 1891. The ease with which cargo 
can be obtained at Sydney and other New South 
Wales ports is shown by the fact that, while the 
vessels entering on ballast represented a total of 
1,300,639 tons, those leaving in ba!last represented 
only 144,426 tons. The total number of vessels 
entered and cleared was 7,032, against 6,409 in 1899. 
Of these, 6,308 were under the British flag, and 724 
under those of other countries. In 1899, the figures 
were 5,785 and 633 respectively. Of vessels under 
foreign flags, the German represent the largest ton- 
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nage, 351,064; France coming next with 206,879 
tons; America, 154,122 tons; and Japan, 120,208 
tons. Sydney had more than half the total shipping 
trade of the State, and Newcastle the next largest 
share—2,684,734 tons. The shipping dues, repre- 
senting pilotage, harbour, lighting, tonnage, wharfage, 
and other rates, realised £188,205, although the 
charges are kept at the lowest point. All steamers, 
whether sea-going or otherwise, belonging to New 
South Wales ports, have to be certificated. The 
half-yearly charges for vessels not exceeding 50 tons 
are £i; over 50 and under 100 tons, £2; over 100 
and not exceeding 300 tons, £3; and an addi- 
tional £1 for every additional 300 tons or part 
thereof. Under the provisions of the State 
Navigation (Amendment) Act, 1899, all vessels, 
whether steam or sailing, carrying passengers or only 
cargo, require certificates. The amounts collected 
for all ports in the State during 1900 were:— 
41,114 for sea-going steamers, and £475 for harbour 
and river steamers, making a total of £1,589. The 
amount of wages paid to seamen through the Sydney 
and other shipping offices in the State was £82,568, 
against £70,783 in 1899, being the largest sum yet 
recorded. The New South Wales ‘‘ Navigation 
(Amendment) Act, 1899,” abolished the State 
Marine Board and the Local Marine Board, and 
created a State Department of Navigation, including 
a Superintendent acting under the control of the 
Minister, and a Deputy-Superintendent for the Board 
at Newcastle. The admistration of the mercantile 
marine was by this Act transferred to a Government 
Department. Appointments to the Pilot service are 
made by the State Public Service Board, and all 
pilots are Government officers. Certificates of Ex- 
emption from Pilotage for the various ports of the 
State may be granted to British subjects who are 
bond fide masters of British ships employed in the 
Australasian, South Sea Island, or the whaling 
trade, on passing the necessary examination, pro- 
vided they have been three times in and out of the 
particular port for which the Exemption Certificate 
is desired, with their vessels as masters or watch- 
keeping officers. Masters of vessels who hold certifi- 
cates are not liable for pilot dues unless the services 
of a Government pilot are obtained. 


AUSTRALIAN OPAL MINING. 


Considerable quantities of opal are found in Queens- 
land and New South Wales. In the latter State, the 
commoner kinds are found in many localities, especi- 
ally in the neighbourhood of Orange, but they possess 
little or no commercial value. Precious or noble 
opal is obtained principally at White Cliffs, in the dry 
western country, about 780 miles from Sydney, and 
65 miles from Wilcannia. The latter township is 
about 100 miles from Broken Hill, and the whole 
country is said to be rich in minerals, but the deficient 


water supply seriously retards the efforts of prc- 
spectors. According to Mr. E. F. Pittman, in bis 
work on “The Mineral Resources of New South 
Wales,” the precious opals of White Cliffs, as in the 
case of many other valuable mineral deposits, was 
discovered by accident. In 1889, a hunter, whi'e 
tracking a wounded kangaroo, picked up a piece of 
the brilliantly coloured mineral on the surface; after 
the find had been reported, a careful search of the 
locality was made, with the result that several more 
pieces were discovered; prospecting trenches were 
then excavated, and the gem was found ¢ situ. Since 
that time mining operations have been carried on con- 
tinuously, though sometimes under great difficulties, 
as in time of drought the locality is very badly pro- 
vided with water; opal-mining has, however, now 
become a settled industry, and a thriving township 
has been established at White Cliffs. 

Prospecting for precious opal is a decidedly 
hazardous business, because, as a rule, there are no in- 
dications whatever on the surface of the occurrence of 
the mineral below. It is only in very rare instances 
that an outcrop of the gem can be seen, and the usual 
procedure is to dig a trench or pit in such a position as 
fancy may dictate, and trust to luck. Fortunately, 
sinking is easy, as the rock is of a soft nature, and, in 
a fair number of instances, the opal has been met 
with at a very short distance from the surface, though 
a large majority of the pits are unsuccessful. 

In valuing opal a good many points have to be 
taken into account. Needless to say, colour is the — 
first, red fire, or red in combination with yellow, blue, 
and green being the best Blue by itself is quite 
valueless, and green opal is not of great value, unless 
the colour is very vivid, and the pattern good. 

Many valuable opals have been found from time to 
time, one, weighing about four and a-half ounces» 
being sold by the finder for £100. Of course in 
London it would bring a considerably higher price 
Another opal weighing nine ounces, was accidentally 
broken in two, the pieces weighing seven and two 
ounces respectively, and was valued locally at £700. 
The value of the opal obtained since the discovery of 
the deposits in 1889 to the end of 1899 is estimated 
at £376,599, but much of the opal obtained is not 
officially reported. 


TIN-PLATE INDUSTRY OF THE UNITED 
STATES. 


The record of tin-plate prices, according to a 
memorandum received by the Board of Trade from 
the United States Bureau of Statistics, during the 
past two years shows a remarkable fluctuation, largely 
due to the unusually high price of material in 1900. 
Quotations for tin plates, furnished to the Treasury 
Bureau of Statistics, show the price per box of 
100 Ibs. of tin plates of Bessemer steel in New York 
in April, 1901, as 4°20 dols., the uniform price since 
January, 1901; in January, 1900, the price was 
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5°50 dols., while in January, 1898, it was 3-80 dols. 
Meantime, the price of Straits tin used in the manu- 
facture of tin plate has increased from 13°82 cents per 
Ib. in January, 1898, to 34°62 cents in July, 1900, 
thence it went down to 26:2 cents on rgth April, 
I90f, again advancing to 28°15 cents on Ist June, 
1901; while steel billets increased in price from 
15 dols. per ton in January, 1898, to 35 dols. per ton 
in January, 1900, since which date the price has 
fluctuated considerably, finally becoming practically 
stationary at 28 dols. per ton in March, 1901. 

The subjoined Table, from the annual report of the 
American Iron and Steel Association, shows the 
production of tin plates and terne plates in the 
United States during each caléndar year from 1892 


to 1900 :— 


Year. Quantity. 

Tons. 

1692: :sncts ionwiwew sees » 18,303 
1893: -ccaeesing ae ERr Erna 55,182 
1894 eenen ji seceee 74,260 
1895. . Gdswiddnueieeaaitewee- 113,006 
1800 oud een resséeeueeeeas-. 100,302 
1807 aiweensenraesaesaess.256;508 
1808". geese sgieiawhiadeas 320,915 
1899 s... evccevecceesess 300,875 
1900" - dcuwasdesiwewtseuuass 302-065 


The following Table shows the imports of tin plates 
into the United States in each calendar year from 
1890 to 1990 :— 


Year. Quantity. Value. 

Tons. Dollars. 
1890 .eeeeees 329,435 s... 23,670,158 
I8QI weseeess 327,882 2... 25,900,305 
1892 ...esee0 268,472 ...e 17,102,487 
1893 .eeesece 2535155 esee 15,559,423 
1894 .eeeeeee 215,008 .... 12,053,167 
1895 soeeseee 219,545 «eee 11,482,380 
1896 ..e0..06 TIQ,171 eee 6,140,161 
1807 mesei . 83,851 e.. 4,360,828 
1898 .evecess 66,775 osse 3,311,658 
1899 T 58,915 ....e 3,738,567 
IQOO .ecessee 60,318 .... 4,617,813 


The following Table shows the exports of tin plates 
from the United States in the 10 months ended 30th 
April, 1899, 1900, and 1901, respectively :— 


Ten Months ended 3cth April. Quantity. 
Lbs, 
1899 eeeeestonesneere se ee 183,955 
1900 CROCCO eR ee ee sees e® 275.990 
1901 @eeoeeeaeceoeaseeoeeun ee 1,306, 100 
—Board of Trade Journal. 


THE SPONGE FISHERIES OF CUBA. 


Sponge fishing is a Cuban industry which has 
developed very rapidly on the southern coast of 
Havana. About fifteen years ago a Greek sailor who 
was the first to see the advantages which could be 
reaped from sponge fishing began the development of 


this industry. To-day the exports of sponges from 
Batabané amount to £200,000 a year. Those who 
are engaged in the industry are Spaniards from the 
Balearic Islands, Greeks, and a few Cubans. The 
schooners which sail along the coast looking for 
sponges generally remain out twenty days. The crews 
are not paid any wages, but they are allowed a certain 
percentage of the sponges, which represent on an 
average £10 for each man on each trip. Sponge 
fishing, which is very easy, takes place along tha 
coast, and preferably around the numerous islets near 
the coast. Owing to the shallowness and clearness 
of the water, the fishermen are able to gather the 
sponges by means of long-forked sticks, called pz2- 
charras, The finest sponges, which are white and 
very compact, are found around Batabanó. In the 
other parts of the island the sponges are generally red- 
backed, and spoil very rapidly. The Cuban fisher- 
men have given the name of machos to the sponges of 
little value, while the best and finest ones are called 
hembras. Thesmall sponges, not larger than the fist, 
are called redobles. In Batabané there are houses 
whose only business consists of buying sponges from 
the fishermen and exporting them to France and the 
United States. 


Correspondence. 
—_—__<——_ 


SHAWL MANUFACTURE IN INDIA. 


So late as half a century ago the manufacture of 
shawls still formed one of the principal artistic 
industries in India, but it has now become almost 
extinct. It had its origin in Kashmir, apparently in 
the remotest ages. Under the Mogols the industry 
grew in extent and magnitude and acquired an un- 
paralleled vogue. This was the period when 
Kashmir shawls were greatly esteemed by the 
nobility in India. Every well-to-do family used to 
keep a pair or two of these costly shawls at home to 
be worn by the head of the family on religious and 
festive ceremonies and on the occasions of paying 
visits to the King and State Officials. These shawls 
were the mark of social status and distinction, and 
formed, therefore, one of the chief household 
valuables, and were bequeathed from generation to 
generation, Every member of the family used to 
value them as a hereditary gift and tock a noble pride 
in having possession of a number of them and in 
trying to add to the number by fresh purchases. 

For this reason there was a demand for valuable 
Kashmir shawls in the old days, and to meet this 
demand there was a corresponding produce. 
Throughout the province of Kashmir one could find 
entire villages, men, women and children engaged in 
this interesting occupation. Thousands of Kashmir 
families were solely dependent on this produce of 
their handicraft for their livelihood. And they lived 
well, too, for they were never thrown out of employ- 
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ment, and each and every member of the family, 
including even the boys and girls of five years’ old and 
upward, joined in the business. 

But a great change has taken place. Instead of 
those happy crowded villages, we find forlorn 
desolate-looking collection of huts, and in place of the 
merry smiling family groups, we come across a few 
miserable people struggling for existence. Whole 
villages have been abandoned, and the inhabitants 
have gone abroad in search of livelihood. They 
would be thankful if they could get employment as 
labourers on some building or irrigation works in 
progress, earning three or four pence a day! Some- 
times these wretched people are found collecting fire- 
wocd from the jungle or quarrying stone in the hills. 
To such a miserable plight have these Kashmiris 
been reduced! They are a very hard race of people, 
and all of them profess the Mohammedan religion, 
and it is piteous to see these useful people ruined. 

To shew what these men were, and are still capable 
of doing, I send with this two photographs of a pair of 
old Kashmir shawls. One of these shews in elevation 
a single piece out of the two, hung on a wall, and the 
other represents a portion of the longitudinal border 
of the same in detail. The two pieces are exactly the 
counterpart of one another, each measuring 11 ft. by 
44 ft. The longitudinal borders are each 11 in. 
wide, and those at the two ends are each 30 in. 
wide. The second photograph is a full-size detail of 
the workmanship, which is all in fine black wool, be- 
spotted with yellow and red specks of similar material. 
From this an idea could be roughly formed of the 
majestic appearance the entire shaw] would present. 

The shaw] which I have described above is, I have 
been told, over 150 years old. It is only occasionally 
that we nowadays come across Kashmir shawls of 
this type and of such rare workmanship. And why? 
Because the workmen have neither the means nor the 
heart to undertake the preparation of such a costly 
piece of work. Even if they could afford to geta 
pair out of their hands (and this is not an easy task, 
as it would keep a family engaged for several years to 
do this), they are sure they would not be able to find 
a market for their article. What avails it if an occa- 
sional Indian Prince takes a fancy to a pair and pur- 
chases it at ‘‘a reasonable price”? What avails it 
that His Highness the Maharajah of Kashmir keeps 
up a few shawl tents prepared by his people? It is 
the free sale only of such articles amongst the gentry 
of the country that can ensure the revival of this 
historical industry. But the cheap imitations that 
are in these days being largely manufactured in 
several other parts of India, specially the Punjab, 
and the gaudy aniline-dyed, machine-made shawls 
that are being imported from Europe, attract the 
attention of the people, and have virtually ousted the 
old genuine Kashmir shaw] from the market. 

The process of manufacture followed by the Kash- 
miris is rough and simple compared with the 
European way of manufacturing shawls. The downy 
wool of the Thibetan goats supplies the raw material 


of this industry. This soft wool is beaten, thoroughly 
cleansed and washed, and made into yarn by hand- 
spindles. Then comes the most difficult part of the 
whole operation ; the yarn is woven into a wonder- 
fully fine texture by means of mere human hands in a 
loom, and then the coloured woollen border, &c., 
is interwoven with the utmost dexterity and exact- 
ness. These people, with all their rustic, simple 
appliances, vie with those aided by all the re- 
sources of Western science and art. The workman. 
ship is marvellously fine, rich, and harmonious. 
The dyes used are all natural and permanent. In 
order to secure the permanency of the dyes, the 
shawls are washed in special lakes or streams, the 
water of which is believed to have the peculiar pro- 
perty of making colours fast. 


Now the question is, whether it is possible to revive 
the trade, and if so, how. That it is possible to give 
a new life again to this industry there can be no 
doubt, inasmuch as the workmen, as a class, are not 
yet extinct. They can be collected together again 
with very little effort, as a slight promise of emolu- 
ments will induce those scattered over India to flock 
back to their native land, and betake themselves to 
their hereditary profession once more, with renewed 
energy. But whence can this promise come? Not 
from India, as she is too much engrossed with her 
poverty and distresses, to cherish such happy ideas. 
It is to England—to the aristocracy of the United 
Kingdom alone—that we can look for help in the 
matter. The British millionaires and the gentry in 
general can easily afford to make purchases of these 
shawls for the decoration of their houses, while 
the ladies should replace the cheap imitations of 
Kashmir shawls by the genuine, which were once so 
much prized by them. Let us hope that what was 
once a flourishing Indian manufacture will once again 
receive every consideration at her hands, now that it 
is almost about to disappear. 

To carry this suggestion into practical effect, 
special agents should be appointed both in England 
and India, to organise the trade, in direct communi- 
cation with each other. The agents in England 
would get the orders from Europe, and the agents in 
India would have them executed in Kashmir. It 
would not be necessary for them to accept articles that 
may not be quite to their taste, inasmuch as special 
sizes and designs can be made to order, to suit indi- 
vidual requirements. The Kashmiris manufacture 
shawls usually in pairs, one of which exactly corre- 
sponds with the other, so there will be no difficulty 
in getting shawls exactly to match with another, for 
use as curtains, screens, tablecloths, chair cushions, 
mantel covers, &c., as required. 

I hope my suggestions will meet with the approval 
of all who take an interest in the welfare of India. It 
is worth while for them to spend a few thousands of 
pounds a year in helping a ruined class of workmen, 
and at the same time restoring a dying industry for 
the decoration of English rooms with exquisite Indian 


drapery. 
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If this communication is found acceptable, I would 
hope on some future occasion to deal with the Decca 
muslin and needlework, and other branches of shawl 
industry in India not touched upon in this paper. 

K. K. MUKERJI, Rai Sahib, B.A., C.E. 

Umballa, Punjab, India. 


Notes on Books. 
CR 


PRACTICAL PICTORIAL PHOTOGRAPHY. — By A. 
Horsley Hinton. London, Hazell, Watson, and 
Viney, 1900. 

For a long time photographers were content if 
they could obtain by their methods a fairly accurate 
transcript of Nature. The merit of a photograph 
was judged by the amount of minute detail it gave, 
and the correctness with which it reproduced the 
objects (at very varying distances) presented to the 
lens. As soon as this had been accomplished— and it 
took a good many years to accomplish it with success 
—certain photographers became more ambitious. 
Recognising the value of photography as an accurate 
recorder of fact, they were not satisfied with this, but 
wanted to utilise it for the creation of actual works of 
art. They desired to present not the transcript of 
Nature given in a mirror, but the interpretation of 
Nature given bya skilled artist. They wanted not 
to produce a reflection of the view before them, but to 
convey the impression made by the view on their 
minds. Hence arose two schools, the followers of 
each of which debated the question from their own 
point of view, generally with considerable warmth, 
and with that vigour of language proper to the dis- 
cussion of rival views, artistic, theological, scientific, 
literary, or what not. For long the artistic photo- 
graphers got the worst of it. They were reviled by 
the majority of their fellows, while their brethren of 
the brush, with whom they tremblingly claimed 
kinship, would have none of them, but treated them 
with more contemptuous opprobrium than they them- 
selves levelled at the commonplace makers of views 
and portraits. But they succeeded in founding a 
school, they secured numerous adherents, and they 
achieved considerable success. A few years ago, the 
most important of them seceded from the Photo- 
graphic Society, and founded a special exhibition for 
the illustration of their own doctrines. The influence 
of this rival exhibition, “ The Photographic Salon,” 
on the annual show of the Photographic Society has 
been considerable, and now the best pictures at both 
exhibitions are practically identical in character and 
method. 

Mr. Horsley Hinton, who is well known as one 
of the most successful of the modern school, en- 
deavours, in this book under review, to describe the 
objects of that school, and the methods employed in 
producing them. Briefly stated, the object striven 
after is to produce a picture which shall satisfy the 
artistic sense of the spectator. That it should be an 
accurate representation of an actual scene is not 


necessary. It does not seem to matter that it should 
even be a possible representation of anything actually 
existing, so long as there is nothing which strikes a 
qualified observer as incongruous or unnatural. As 
to the means to be employed, these appear to be 
limited only by the artist’s fancy or capacity. Some 
photographers will not allow any hand-work, what 
is known as “ re-touching,” on either negative or 
print. They will only admit of effects which can be 
produced by the agency of light. To the unbiassed, 
this would appear to be a mere convention. Why 
should a man who wants to produce a pleasing work 
of art not utilise any means which lie handy to 
him? Mr. Hinton does not condemn the use 
of the brush. He merely argues that an artist 
capable of using it properly, will probably produce 
better results by its use alone, and without calling in 
any photographic aid at all; and perhaps this is the 
truest view to take. 

The skill of the artist is to be shown in two things: 
first in obtaining the best possible negative—artisti- 
cally best, that is—selecting the best point of view, 
obtaining the best atmospheric effect, employing the 
most suitable lens, and so on; and secondly, in pro- 
ducing from that negative, aided if necessary by other 
negatives, the most artistic picture. In attaining 
this end, various artifices are employed. Parts of the 
negative may be printed more deeply than others; 
parts are entirely screened off from the action of 
light; parts of the prints are toned down by being 
exposed direct to the light. It is evident that such 
treatment requires considerable manipulative skill, 
and implies also a knowledge on the part of the 
operator of the effect he desires to produce. So long 
as the effect is produced, Mr. Hinton does not accept 
any limitation as to the method of production. For 
instance, as one of his examples, he shows a picture 
in which the distance apparently consists of sea and 
sky. As a matter of fact, the distant water was a 
river, but the further bank being blotted out, and a 
suitable cloud negative being used for the clouds, 
the resulting picture shows a stretch of moorland, 
with the sea beyond, and a mass of sunset clouds on 
the horizon. 

Whether such work ought to be considered to be 
on the same level, and to be judged by the same canons 
as the work of the painter, is a matter that those may 
argue about who care to do so. It is certainly beyond 
question that the results are very beautiful, and that 
to produce them requires very great skill and very 
intimate study of Nature. Their merits may be 
fully appreciated by those who hold that the chief 
value of photography is its capacity of faithful record. 
Such pictures as are produced by Mr. Hinton and 
those who practise his methods are genuine objects 
of beauty, and gratify many who are not interested 
in the places or things represented. There is surely 
a place for ‘‘ practical pictorial photography ;’? and 
those who wish to know more about it, will find a 
vast amount of information about its theory and its 
practice in Mr. Hinton’s pages. 
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Notices. 
S 


EXAMINATIONS, 


The Programme for 1902 is in preparation, 
and will shortly be issued. The Examinations 
for Grade I. and Grade II. will be on similar 
lines to those of the present year, no important 
changes having been made. The proposal to 
add a third, or Advanced Grade, will not be 
carried into effect at the next Examinations. 


1902. 


The following is the Time-Table :— 


MONDAY, APRIL 14th (7 to 10 p.m.). 
Grade Ji. and Afusic.— Arithmetic, German, 
Portuguese, Précis-writing, Russian, Chinese, and 
Japanese. 
Grade /.—Arithmetic, German, and Type-writing 
(Type-writing from 7.30 to 10 p.m.). 


TUESDAY, APRIL 15th (7 to 10 p.m.). 


Grade II. and Music.—Book-keeping, Italian, 
Spanish, and Harmony. 
Grade /.—Handwriting, &c., and French. 


WEDNESDAY, APRIL 16th (7 to 10 p.m.). 
Grade II. and Music.—English, French, Com- 
mercial Geography, Type-writing (from 7.30 to 10 
p-m.), and Rudiments of Music (7 to 9 p.m.). 
Grade /J.—Book-keeping. 


THURSDAY, APRIL 17th (7 to 10 p.m.). 
Grade II, and Ausic. — Economics, Danish, 
and Shorthand (from 7.30 to 10 p.m.). 
Grade J.—Shorthand (from 7.30 to 10 p.m.), Com- 
mercial History and Geography (from 7 to 10 p.m.). 


The last day for receiving applications is 
Wednesday, the 19th March, 1902. 


The Practical Examination in Vocal and 
Instrumental Music will commence on the 
30th of June. The last day for receiving 
applications is Monday, June 2nd. 

Copies of the Programme for 1902, with full 
details, together with the questions for Igor, 
and reports by the Examiners, can be had, as 
soon as ready, price 3d., Post Free, on appli- 
cation to the Secretary, Society of Arts, 
Adelphi, London, W.C. 

The questions for the years 1896 to 1901 ine 
clusive can also be obtained (price 3d. each 
year) on application as above. 


SECTIONAL COMMITTEES. 


The following are the lists of the Committees 
for the Indian, Colonial, and Applied Art 
Sections, as appointed by the Council at their 
last meeting :— 

INDIAN SECTION COMMITTEE. 
Sir William Henry Precce,|Sir Wiliam Lee-Warner, 


K.C.B., F.R.S. (Chairman | K.C.S.I., M A. 

of the Council). Sir Roper Lethbridge, 
Sir Steuart Colvin Bayley, K.C.IL.E. 

K.C.S.1., C.I.E. (Chair- | Henry Luttman- Johnson. 

man of the Committee). Sir Charles James Lyall, 
Sir Frank Forbes Adam,| K.C.S.I., C.I.E. M.A., 

C.LE. LL.D. 


Lionel R. Ashburner, C.S.I. 
Jervoise Athelstane Raines, 


Sir James Broadwood Lyall, 
G.C.LE., K.C.S.1. 


C.S.I. Sir James Lyle Mackay, 
Horace Bell. K.C.I.E. 
T. J. Bennett. J. M. Maclean. 
Sir M. M. Bhownaggrce,| John David Rees, C.I.E. 
K.C.I.E., M.P. Charles Lewis Tupper, C.S.I. 


Sir George Birdwood, | Gereral J. Michael, C.S.I. 
K.C.1LE., C.S.1., LL.D.,, Edmund Neel, C.I.E. 
M.D. J. Sewell Neville. — 

H. M. Birdwood, C.S.I., | Sir Patrick Playfair, C.I.E. 


M.A., LL.D. Field-Marshal Earl Roberts, 
Sir Henry William Bliss,; V.C., K.G., K.P., G.C.B., 
K.C.I.E. G.C,S.I., G.C.L.E. 


Owen ' Sir George Scott Robertson, 


Major-General Sir 
K.C.S.I. 


Tudor Burne, G.C.LE., 
K.C.S.I. 

Caspar Purdon Clarke,C.1.E. Sir Edward Albert Sassoon, 

Everard R. Calthrop. Bart., M.P. 

Sir CharlesH.T.Crosthwaite,| Sir John Scott, K.C.M.G., 
K.C.S.I. M.A., D.C.L. 

His Excellency Lord Curzon W. S. Seton-Karr. 
of Kedleston, G.M.S.I.,| Sir Charles Cecil Stevens, 
G.M.I1.E. K.C.S.I. 

F. C. Danvers. Thomas H. Thornton, C.S.I., 

Sir Juland Danvers, K.C.S.I. | D.C.L. 

Sir Chas. A. Elliott, K.C.S.I.; Sir Charles A. Turker, 


Major-General Sir Frederic, K.C.I.E. 
Goldsmid, K.C.S.I., C.B. | Sir Raymond West, K.C.I.E., 
Colonel Sir Thos. Hungerford | M.A., LL.D. 


Holdich, R.E., K.C.I.E.,| Sir Alexander Wilson. 


C.B. Arthur N. Wollaston, 
Sir Philip Perceval Hutchins! C.LE. 

K.C.S.I. W. Martin Wood. 
Sir John Jardine, K.C.I.E. | Andrew Yule. 


Sir Seymour King, K.C.I.E., | S. Digby (Secretary). 
M.P. 
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COLONIAL SECTION COMMITTEE. 


Sir William Henry Preece, 
K.C.B., F.R.S. (Chairman 
of the Council). 


Sir Chas. Malcolm Kennedy, 
K.C.M.G., C.B. (Chairman 
of the Committee), 


Earl of Aberdeen, G.C.M.G. 


Sir John Wolfe Barry, K.C.B., 
F.R.S. 


Lord Belhaven and Stenton. 


Lieut.-General the Hon. Sir 
Andrew Clarke, G.C.M.G., 
C.B., C.I.E. 


Hon. Sir Jobn A. Cock- 
burn, K.C.M.G. 


Sir Daniel Cooper, 
G.C.M.G. 


Hon. Henry Copeland. 
H. Bertram Cox. 
Edward Dent. 


Hon. Sir Charles W. 
Fremantle, K.C.B. 


Sir Robert Giffen, K.C.B., 
LL.D., F.R.S. 


Rt. Hon. Sir George Goldie, 
K.C.M.G., D.C.L., LL.D. 

J. G. Gordon. 

Major-General Sir William 
Henry Rhodes Green, 
K.C.S.L, C.B. 


Sir Chas. Hartley, K.C.M.G. 
Hon. 


Bart., 


Sir Villiers Lister, K.C.M.G. 
Charles Phipps Lucas, C.B. 


Admiral Sir Erasmus Om- 
manney, C.B., F.R.S. 


Sir Montagu F. Ommanney, 
K.C.M.G. 


Sir E. Montague Nelson, 
K.C.M.G. 


Sir Walter Peace, K.C.M.G. 


Sir Westby 
K.C.M.G. 


Hon. W. Pember Reeves. 


Lord Strathcona and Mount 
Royal, G.C.M.G., LL.D. 


General Sir John Stokes, 
K.C.B. 


Sir Thomas 
G.C.M.G. 


Sir Richard Temple, Bart., 
G.C.S.I1., C.I.E., D.C.L. 


Hon. 
K.C.M.G. 


Hon. Sir Horace Tozer, 
K.C.M.G. 


Sir Charles Tupper, Bart, 


B. Perceval, 


Sutherland, 


G.C.M.G., C.B. 

Sir Charles Rivers Wilson, 
G.C.M.G., C.B, 

Hon. Sir Charles Horne 


Wittenoom, K.C.M.G. 
Sir James Arundel Youl, 


Sir Robert G. W.| K.C.M.G. 


Herbert, G.C.B., D.C.L.,/ 5, Digby (Secretary). 


LL.D. 


APPLIED ART SECTION COMMITTEE, 


Sir William Henry Preece, 
K.C.B., F.R.S. (Chairman 
of the Council). 


Sir George Birdwood, 
K.C.LE., C.S.I, LL.D., 
M.D. (Chairman of the 
Committec). 


Thomas Armstrong, C.B. 


Prof. A. H. Church, M.A., 
F.R.S., F.C.S. 


Caspar Purdon Clarke,C.I.E. 

Alan S. Cole. 

Sidney Colvin, M.A. 

Walter Crane. 

T.ewis Foreman Day. 

I. Hunter Donaldson. 

Major-General Sir John F. 
D. Donnelly, K.C.B. 

Arthur Evans, F.R.S. 


Sir John Evans, K.C.B, 
D.C.L., LL. D., F.R.S. 


Hon. Sir Charles 
Fremantle, K.C.B. 


J. Starkie Gardner. 


William Gowland, F.S.A. 
Arthur Lasenby Liberty, 

Sir Villiers Lister, K.C.M.G. 
T. Buxton Morrish. 

J. Hungerford Pollen. 


Sir Edward J. Poynter, 
P.R.A. 


Sir Walter S. Prideaux. 

Sir W. C. Roberts-Austen, 
K.C.B., F.R.S. 

Alexander Siemens. 

A. B. Skinner, B.A., F.S A. 

John Sparkes, 

R. Phené Spiers, F.S A. 

Hugh Stannus, F.R.I.B.A. 

H. H. Statham, F.R.I.B A. 


Joseph William Swan, M.A., 
F.R.S. 


Carmichael Thomas. 
John I. Thornycroft, F.R.S. 


W. | Sir Thomas Wardle. 


Henry B. Wheatley, F.S.A. 
(Secretary). 


Sir David Tennant, 


Proceedings of the Society. 


M 
CANTOR LECTURES. 


THE BEARINGS OF GEOMETRY ON THE 
CHEMISTRY OF FERMENTATION. 


By W. J. POPE. 
Lecture IIl.—Deliwvered February 18, 1901. 


Substances possessing a type of enantio- 
morphous configuration similar to that pos- 
sessed by lactic acid can exist in two enantio- 
morphously related forms or stereoisomerides, 
which are distinguishable in that the one 
isomeride is dextro-rotatory, whilst the other is 
levo-rotatory. If two enantiomorphously 
related isomerides are mixed in equal pro- 
portions it is obvious that the product will 
behave, so far as non-enantiomorphous pro- 
perties are concerned, like a single substance ; 
the two isomerides have the same melting 
point, the same solubilities in solvents, and 
must behave similarly towards chemical re- 
agents which are not enantiomorphous. 
Since the mixture does not ordinarily undergo 
resolution upon application of the processes 
which are generally employed for isolating the 
components of a mixture, such mixtures are 
for many purposes conveniently regarded as 
single substances, and are termed externally 
compensated substances, because their optical 
activity is annulled by a compensatory effect 
produced outside the molecule. Crystalline 
externally compensated substances must be 
classified under three headings:—(a) In- 
cluding the so-called ‘‘ racemic compounds ’’ 
of Pasteur, externally compensated substances 
of which the components crystallise together 
yielding a homogeneous solid product which is 
apparently similar in nature to a double salt : 
(4) Including the ‘‘ pseudoracemic substances” 
of Kipping and Pope (Trans. Chem. Soc., 
1897, 989 ; 1899, 1119), in which the dextro- 
and Jzvo-components of the mixture merely 
form twinned crystals in which each preserves 
its crystalline form during crystallisation: (c) 
Including the ‘‘ non-racemic_ substances,” 
those externally compensated mixtures of 
which the components crystallise quite 
separately from solution, and do not tend to 
form twinned crystals or to give a racemic 
compound. A similar classification has not 
yet been found possible in the case of liquid 
externally compensated substances. Pope and 
Peachey have shown (Trans. Chem. Soc., 
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1899, 1111) that in certain externally com- 
pensated liquids no combination of a racemic 
nature exists, and, although Ladenburg 


(Berichte, 1899, 32, 1822) has endeavoured. 


to prove the existence of ‘‘ racemic liquids,” 
Kipping and Pope have demonstrated (Trans. 
Chem. Soc., 1899, 1119) that the latest of 
Ladenburg’s methods leads to erroneous 
results. 

An inspection of the configurations offered 
for dextro- and lzvo-lactic acids will make it 
clear that the enantiomorphism is due to the 
presence in the molecule of a carbon atom 
which is attached directly to four different 
atomic groups; these in the case of lactic acid 
have the compositions H, CH;, COOH, and 
OH. It is evident that any substance con- 
taining a carbon atom thus attached to four 
different groups must be enantiomorphous, and 
consequently, it is possible to say, by mere 
inspection of the structural formula, whether 
or not a particular compound can exist in 
stereoisomeric modifications. Of such im- 
portance is this fact, that van’t Hoff described 
as an asymmetric carbon atom one thus sepa- 
rately attached to four different groups, and 
in 1874 laid down the following principle :—- 
All substances containing an asymmetric 
carbon atom are optically active, and all 
optically active substances contain an asym- 
metric carbon atom. The asymmetric carbon 
atom is thus a criterion of potential optical 
activity. A compound such as lactic acid, 
which contains one asymmetric carbon atom 
and the constitution of which may be described 
as of the type CWXYZ, is obtainable in two 
optically active and one externally compen- 
sated forms; it is important to consider how 
many optical isomerides can exist of substances 
which contain more than one asymmetric 
carbon atom in the molecule. The case of 
tartaric acid first merits attention, and is of 
the greater interest in that by the study of this 
acid, Pasteur, long before the van’t Hoff-Le 
Bel theory of the asymmetric carbon atom 
provided the explanation of optical activity, 
discovered most of the important facts relating 
to the behaviour of optically active carbon 
compounds. Tartaric acid has the struc- 
tural formula 


OH OH 
nooc—_¢_d_coox 
H H 


and thus contains two asyrnmetric carbon 
atoms in the molecule. Since these are of 


similar environment we may give the symbol A 
to the group 
OH 


HOOC : b_ 

| 

H 
and if the configuration of an A group is such 
as tends to make the substance dextro- 
rotatory, it may be called +A, whilst if its 
configuration tends towards a lazvo-rotation it 
may be described as ~—A. The following 
stereoisomeric tartaric acids should now 
obviously be capable of existence. 


+A +A. Ordinary or dextro-tartaric acid. 

—A —A- Lezvo-tartaric acid. 

+A —A. Internally compensated or meso-tartari¢ 
acid. 

+A +A Racemic acid or externally compensated 

-—A—A) tartaric acid. 


These four acids were all well known to 
Pasteur, who prepared each of them by such a 
variety of methods as clearly showed their 
inter-relations. Dextro - tartaric acid was 
separated from cream of tartar by Scheele in 
1769, and, in 1822, Kestner discovered racemic 
acid amongst the bye-products obtained in the 
manufacture of tartaric acid; in 1830, Ber- 
zelius pointed out in connection with the new 
doctrine of isomerism, the identity in composi- 
tion of the two acids, whilst the optical activity 
of dextro-tartaric acid was observed by Biot in 
1838. 

In 1844, Mitscherlich (Comptes rendus, 
1844, xix, 720) stated that. sodium ammonium 
racemate and sodium ammonium dextro- 
tartrate have the same chemical composition, 
the same crystalline form, and the same 
specific gravity, and, in fact, seem absolutely to 
agree in all properties, with the sole exception 
of the optical activity. This piece of work at- 
tracted the attention of Pasteur (see the ‘‘ Pas- 
teur Memorial Lecture,” by P. F. Frankland, 
Trans. Chem. Soc., 1897, 683), and on re- 
peating Mitscherlich’s crystallisation of sodium 
ammonium racemate, he obtained a slightly 
different result ; he had previously determined 
that the crystals of sodium ammonium dextro- 
tartrate are enantiomorphous, the enantiomor- 
phism being betrayed by the presence of cer- 
tain small facets upon particular corners of 
the crystals ; the crystals of the dextro-tartrate 
are, however, all of the same configuration, 
and their form may be distinguished as the 
dextro-configuration. On crystallizing the salt 
prepared from racemic acid, Pasteur found that 


-the crystalline form is indeed very simi'ar 
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to that of the dextro-tartrate, but that amongst 
the crystals, both cnantiomorphously related 
configurations are represented, and on sepa- 
rating mechanically the crystals of dextro-con- 
figuration from the enantiomorphously related 
ones, and examining the behaviour of the 
aqueous solutions of each towards polarised 
light, Pasteur found that the one solution was 
dextro-rotatory, whilst the other was lævo- 
rotatory. Thus was effected the first separa- 
tion of an externally compensated substance, 
racemic acid, into its optically active com- 
ponents. The fourth isomeride, meso-tartaric 
acid, was obtained by Pasteur in 1853, and is 
readily prepared by heating cither dextro-tar- 
taric or racemic acid to a high temperature with 
a little water or caustic soda. The fact of its 
being the internally compensated acid has 
been demonstrated by the inability of Pasteur 
and Przybytek (Berichte, 22, 1820) to separate 
an optically active tartaric acid from it. 

A substance containing two similarly en- 
vironed asymmetric carbon atoms thus exists 
in four modifications, two optically active and 
two optically inactive forms; but if the two 
asymmetric carbon atoms are differently en- 
vironed a greater number of optical isomerides 
should be possible. Thus, camphoric acid 
contains two dissimilar asymmetric carbon 
atoms in the molecule (those represented in 
heavy type) to which the following structural 
formula must be assigned :— 


H CH3 
COOH - 6—c(CHs):—G—CooH. 
| 
Hee CH, 


If both asymmetric carbon atoms tend to 
make the substance dextro-rotatory, they may 
be described as -+A +B, and an inspection of 
the appended Table shows that the six optical 
isomerides indicated by theory have all been 
prepared (see Aschan, ‘‘ Structur- und Sterco- 
chemische Studien,’’ Helsingfors, 1895). 
+A +B d-camphoric acid, m.p. 187° 

Spec. rot. [a)/ = +50°0° in alcohol. 


—A—B l-camphoric acid, m.p. 187° 
Spec. rot. [a] 7 = —49°8° in alcohol. 
+A —B_ d-isocamphoric acid, m.p. 171°-172° 
Spec. rot. [a] 7 = —48°5° in alcohol. 
—A-+B 1-isocamphoric acid, m.p. 171°-172° 
Spec. rot. [a] f = -+-48-6° in alcohol. 
Racemic camphoric acid, m.p. 202°-203°. 
+A +B Inactive. 
—A —B ) Externally compensated. 
Racemic isocamphoric acid, m.p. 191°. 
+A —B Inactive. 
—A +B ) Externally compensated. 


It is obvious that the number of possible 
isomerides increases rapidly as the number 
of asymmetric carbon atoms increases ; cases 
in which four or five asymmetric carbon atoms 
of different environment are present in the 
molecule will have to be considered in deal- 
ing with the stereoisomerism of the sugars. 

Since, in matters of the kind under consider- 
ation, rigid accuracy in the method of stating 
the fundamental principles is essential if ambi- 
guity and confusion are to be avoided, it is 
desirable to point out that the statement that 
all substances which contain an asymmetric 
carbon atom are optically active, is not strictly 
true. For, consider the case of a compound 
which contains a carbon atom attached to the 
non-enantiomorphous groups X and Y, and 
also to the enantiomorphously related groups 
(+Z and —Z); the enantiomorphism set up by 
the two latter groups is obviously compen- 


+Z 


Fic. 5. 


sated for within the molecule, but the carbon 
atom attached to the four groups mentioned is 
asymmetric according to the definition, so that 
the substance in question might be expected to 
be optically active. This, however, cannot be 
the case, because the molecule possesses a 
plane of symmetry, as indicated in Fig. 5, and 
hence is not enantiomorphous. 

It would seem better to replace the original 
form of stating the law governing optical 
activity by the following :—All substances of 
enantiomorphous molecular configuration are 
optically active in the amorphous state, and 
all substances which are optically active in the 
amorphous state possess ecnantiomorphous 
molecular configurations. This form is the 
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more desirable in that the prime cause of the 
optical activity is the enantiomorphism of the 
molecular configuration, and not the asymmetry 
of the carbon atom. Whilst the requisite 
enantiomorphism may, in most cases, be 
traced to the presence of an asymmetric 
carbon atom, we have, during recent years, 
become acquainted with compounds which 
owe optical activity to the presence in the 
molecule of an asymmetric nitrogen, sulphur, 
or tin atom, and which do not contain an 
asymmetric carbon atom. Thus, to consider 
the case of certain organic compounds of the 
type of ammonium iodide, which has the 
molecular composition NH,I, and in which the 
four hydrogen atoms and the iodine atom are 
separately and directly attached to the 
nitrogen atom. On replacing the four hydro- 
gen atoms by the four atomic groups or 
radicles, methyl, CH,, allyl, C3H;, phenyl, 
C.H;, and benzyl, C;H:, we obtain a sub- 
stituted ammonium iodide which may be con- 
veniently termed, in accordance with its mode 
of derivation, methylallylphenylbenzylammon- 
lum iodide, and which has the constitution— 


CH3 CH3 


CoH Non: 

This substance contains an asymmetric nitro- 
gen atom, one, namely, which is directly at- 
tached to five different groups of atoms, nitro- 
gen being a quinquevalent element, as distin- 
guished from carbon, which is but quadriva- 
lent. In this substituted ammonium iodide, 
however, the five groups and the nitrogen 
atom do not all lie in the same plane, for by 
appropriate treatment we can separate from the 
synthetically prepared substance two enantio- 
morphously related components, the one dextro- 
rotatory, and the other levo-rotatory. (Pope 
and Peachey, Trans. Chem. Soc., 1899, 1127.) 
These are the dextro- and lævo-methylallyl- 
phenylbenzylammonium iodides, and since 
they contain no asymmetric carbon atom, their 
optical activity must be attributed to the pre- 
sence in the molecule of an asymmetric quin- 
quevalentnitrogenatom. Themoleculesof these 
substances are not possessed simply of extension 
in a plane, but are extended in three-dimen- 
tional space, for on no other supposition is it 
possible to account for the enantiomorphism ; 
but whilst, in the case of asymmetric carbon 
compounds, it is now easy to prove that the 
tetrahedral configuration is the only one which 


will account for the facts, we cannot yet arrive 
at a final conclusion respecting the way in 
which the five groups are arranged in space 
about the nitrogen atom. 

Up to the present we have mainly considered 
optical activity as the distinguishing sign of 
substances of enantiomorphous configuration ; 
another and very important result of such 
enantiomorphism, which we have as yet merely 
casually mentioned, is found in its effect upon 
the crystalline form. 

It is now known that crystalline substances 
owe their peculiar properties, such for instance, 
as their regularity of external form, to a 
symmetrical internal structure of a particular 
kind ; crystalline substances are homogeneous 
arrangements of particles, and these particles 
may be the actual chemical molecules of the 
compound concerned or they may be certain 
aggregates of the molecules. These crystal- 
line structures are termed homogeneous, mean- 
ing thereby that the arrangement of particles 
is the same around every particle. The homo- 
geneous arrangements of points or particles 
have been investigated, and it has been shown 
that they can be classified according to their 
symmetry in thirty-two groups which are 
identical in symmetry with the thirty-two 
known crystalline systems. For our present 
purpose we may distinguish two kinds of 
crystalline systems; the first consisting of 
those which result in a crystal structure which 
is identical with its mirror-image and in which, 
therefore, enantiomorphism is not possible ; 
these we will term the non-enantiomorphous 
systems. The second kind includes those 
crystalline systems of which the symmetry is 
such as to lead to crystal structures which are 
not identical with their mirror-images and in 
which, therefore, enantiomorphism necessarily 
occurs ; these are usually known as the asym- 
metrically hemihedral crystalline systems, but 
for our present purpose we may conveniently 
call them the enantiomorphous systeme. 
Pasteur concluded from his investigation of 
the tartaric acids that all optically active sub- 
stances crystallise in systems of the second 
kind, and this conclusion is usually known as 
Pasteur’s law. The validity of Pasteur’s law 
follows as a direct consequence of the van’t 
Hoff-Le Bel theory, and of the theory of crys- 
talline structure (Walden, Berichte, 29, 1892; 
30, 98; Traube, Berichte, 30, 288; Kipping 
and Pope, Trans. Chem. Soc., 1897, 992). For 
crystalline structures are built up from particles, 
and if these particles are enantiomorphous, 
that is, if the chemical molecules of the sub- 
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stance are molecules of an optically active com- 
pound, no method of arranging those particles 
can result in a structure which is identical with 
its mirror-image, and optically active sub- 
stances, therefore, necessarily crystallise in 
enantiomorphous systems. If the particles are 
not enantiomorphous, that is, if the substance 
is racemic or is not potentially optically active, 
the crystalline structure may be either one in 
which the particles are not arranged enantio- 
morphously, or it may be one in which the 
particles assume some enantiomorphous ho- 
mogenous arrangement, and the crystalline 
system is therefore an enantiomorphous one. 
Numerous cases of the latter kind can be 
quoted, the best known being that of quartz ; 
this substance crystallises in one of the enan- 


tiomorphous hexagonal systems, although its 
chemical molecules, of the composition SiOz, 
are not enantiomorphous. The arrangement 
of particles in the crystalline structure has 
been shown by Sohncke to be a helical one; 
and since the helix can be either a right ora 
left-handed one, two enantiomorphously related 
modifications of quartz are possible. These 
are known, and are optically active in the 
solid state, the one being dextro- and the other 
lzvo-rotatory. Not only is this enantiomorph- 
ism expressed by the optical activity of quartz, 
but it is also apparent from the external shape 
of the crystals, the form of d-quartz crystals 
being enantiomorphously related to that of 
crystals of 1-quartz. 

The enantiomorphously related crystalline 
forms of optical isomerides are caused prima- 
rily by the enantiomorphism of the chemical 
molecules. Racemic compounds exhibit crys- 
talline forms quite different from those of 
their optically active components, and do not 
in general show enantiomorphism ; in the few 
cases in which enantiomorphism is observed, it 
must be traced to the same cause as the enan- 


tiomorphism of quartz, namely, to an enantio- 
morphous arrangement of non-enantiomorphous 
particles. The way in which the external 
crystalline form usually expresses the enantio- 
morphism is conveniently illustrated by Figs. 
6 and 7, which represent the crystals of levo- 
and dextro-tetrahydroparatoluquinaldine hydro- 
chloride respectively; the two crystal forms 
are mirror-images one of the other, and the 
enantiomorphism is betrayed by the unsym- 
metrical distribution of the faces marked 0 and 
W on the crystals. These crystal forms differ 
absolutely from that of the racemic compound 
formed by these two enantiomorphously related 
substances; Fig. 8 represents the crystal form 
of racemic tetrahydroparatoluquinaldine hydro- 
chloride; these crystals are not enantiomor- 


FIG. 7. 


phous (Trans. Chem. Soc., 1899, 1098). In 
those cases in which Pasteur’s law is apparently 
not obeyed, cases in which optically active 
substances form crystals which seem to be 
identical with their mirror-images, we can 
only conclude that our methods for detecting 
enantiomorphous crystal structure are not 


sufficiently delicate to give an indication, or 
that the structure betrays its enantiomorphism 
more easily in some cases than in others. A 
parallel case is afforded thus: on looking 
attentively at a man for a short time, we obtain 
evidence of his enantiomorphism from some 
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peculiarity of action or some lack of symmetry 
in his features ; we might, however, carefully 
watch the movements, and examine the 
physiognomy of a cat for days together, with- 
out learning that the cat is just as much 
enantiomorphous as the man. The more 
highly differentiated actions of the man, and 
the far greater training which we have had in 
studying the personal appearance of human 
beings, account for the difference in the ease 
with which we recognise the enantiomorphism 
in the two cases. 

We have seen already that the synthetic 
preparation of substances which contain an 
asymmetric carbon atom, without using 
enantiomorphous materials or employing 
enantiomorphous processes, necessarily leads 
to an externally compensated product; since a 
large part of the chemist’s work has consisted in 
the artificial preparation of naturally occurring 
substances, many of which are optically active, 
it is obviously of prime importance that we 
should possess efficient methods for resolving 
externally compensated substances into their 
enantiomorphously related isomerides. The 
available methods are of the following three 
kinds, and these were very completely de- 
scribed by Pasteur during the course of his 
work on the tartaric acids. 


1. Spontancous resolution by crystallisation. 


This depends upon the fact already noticed, 
that enantiomorphously related substances do 
not always and under all conditions of tem- 
perature, &c., combine to form a solid racemic 
compound. This kind of method was first ap- 
plied by Pasteur in 1848 (Ann. Chim. Phys. 
(3), 24, 442 ; 28, 56) tothe resolution of racemic 
acid by crystallising its sodium ammonium 
salt ; crystals of sodium ammonium dextro- 
and lezvo-tartrates form separately in the 
solution and, if allowed to grow toa large size, 
may be subsequently sorted mechanically. 
The crystallisation must be performed below 
27°, because above this temperature, the dextro- 
and lzvo-salts combine to form a true race- 
mate, that is a homogeneous salt in which the 
dextro- and levo-acids no longer preserve their 
individuality. The method has received a 
slightly different application by Purdie and 
Walker (Trans. Chem. Soc., 63, 1144; 67, 
616) in the resolution of the inactive fermenta- 
tion lactic acid; they cool a saturated solution 
of the zinc ammonium salt of this acid until it 
becomes supersaturated, and then drop in a 
crystalline fragment of zinc ammonium dextro- 


lactate, when a separation in quantity of this 
latter salt is immediately induced. After this 
deposit has been removed, the mother liquor con- 
taining excess of the lævo-lactate is concen- 
trated, supercooled, and caused to deposit zinc 
ammonium lzevo-lactate by sowing with a crys- 
talline fragment of the latter salt. It should be 
noted that the sorting of the crystals in the one 
case, and the sowing with enantiomorphous 
material in the other, constitutes the enantio- 
morphous act required in preparing an 
optically active substance. This kind of 
method is of very limited application owing to 
the fact that a dextro- and a lzvo-compound 
usually combine to form a true racemic com- 
pound, which is, of course, not resolvable by 
crystallisation alone. 


2. Resolution by formation of compounds 
wth optically active substances. 


The second kind of method introduced by 
Pasteur is available only for the resolution of 
acid or basic externally compensated sub- 
stances, and consists in forming salts of, say, the 
externally compensated acid with an optically 
active base, and then resolving the mixture of 
salts by crystallisation. Two equivalents of 
the acid (d-A, l-A) react with two equivalents 
of an active base, say d-B, in accordance with 
the following equation :— 


d-A + 1-A + 2d-B = d-A, d-B + l-A, d-B. 


And the two salts formed, namely, d-A d-B 
and l-A d-B, are obviously not enantio- 
morphously related, and therefore. differ in 
such properties as solubility; they can hence 
be separated by fractional crystallisation, and 
thus isolated in a state of purity. On sub- 
sequently treating them with a mineral acid, 
the two enantiomorphously related acids may 
be obtained in the pure state. The optically 
active bases needed for the resolution are 
supplied by alkaloids of natural occurrence, 
such as strychnine, cinchonine, morphine, 
brucine, &c. Pasteur showed that on crystal- 
lising racemic acid with the lævo-rotatory 
alkaloid quinine, and fractionally crystallising 
the product, the salt l-quinine d-tartrate 
(l-B, d-A) is less soluble than 1-quinine 
l-tartrate (I-B, 1-A), and is, therefore, first 
separated in the pure state. Similarly on 
crystallising the externally compensated acid 
with the dextro-rotatory base cinchonine, 
Pasteur found that cinchonine 1-tartrate is the 
less soluble salt, and consequently is first 


696 


JOURNAL OF THE SOCIETY OF ARTS. 


[Aagus! o, 1901. 


isolated in a pure condition, A similar method 
was applied by Bremer (Berichte, 1880, 16, 
552) to the resolution of externally compensated 
malic acid. 

Organic substances of a basic or alkaline 
nature are much more highly diversified in type 
than are organic acids; it is, therefore, some- 
what more important that chemists should be 
in possession of speedy methods for resolving 
externally compensated bases into their opti- 
cally active components than that efficacious 
methods should be available for effecting a 
similar resolution of organic acids. It was not, 
however, until 1885 that the second Pasteur 
method was applicd to the resolution of ex- 
ternally compensated bases. Ladenburg had 
shown (Berichte, 1886, 19, 2582) that the 
alkaloid coniine has the structure— 


H: 


Und 


and had devised methods for preparing the 
alkaloid synthetically ; the artificial substance 
was, of course, optically inactive whilst the 
naturally occurring alkaloid is dextro-rotatory. 
Imagining the synthetic material to be extern- 
ally compensated, Ladenburg attempted to re- 
verse the third Pasteur method as applied to the 
resolution of externally compensated acids, so 
as to use it for the resolution of his presumably 
externally compensated coniine. He crystal- 
lised the alkaloid with excess of d-tartaric acid 
and found that the first salt which separated 
from the solution was d-coniine d-tartrate (d-A, 
d-B), the other salt produced, namely, 1-coni- 
Ine d-tartrate (d-A, 1-B), being the more 
soluble ; on treating the d-coniine d-tartrate 
thus prepared with an alkali, d-coniine, iden- 
tical with the alkaloid extracted from the hem- 
lock, was obtained. Since this time d-tartaric 
acid has been successfully applied to the reso- 
lution of a number of externally compensated 
bases; the use of this acid for such a purpose 
has, however, several disadvantages. 

Tartaric acid is a dibasic acid, and conse- 
quently, on converting it into a salt with any 
particular base, it is not possible to foresee 
whether a normal salt (containing one equival- 
ent each of acid and base), or an acid salt 
(containing two equivalents of acid to one of 


-crystallising the 


base) will be produced. It is also a hydroxy- 
acid, and the salts of such acids have a tend- 
ency to be very soluble in water; and the 
separation, by fractional crystallisation, of two 
salts which are very soluble in the medium 
used, is an extremely lengthy and tedious 
process. Further, tartaric acid is a very feeble 
acid, and consequently only forms stable salts 
with the most powerful bases, a fact which 
materially limits the application of the method. 
These disadvantages have been overcome by 
applying to the resolution of externally com- 
pensated bases, the series of optically active 
camphorsulphonic acids discovered by Kipping 
and Pope (Trans. Chem. Soc., 1893, 548; 
1895, 356); these acids are monobasic, and con- 
sequently have little or no tendency to give two 
classes of salts; they are not hydroxy-acids, 
and are of high molecular weight, so that 
their salts are not, as a rule, excessively 
soluble, and, further, they are very powerful 
acids, and, therefore, form salts with even such 
feebly basic substances as oximes (Pope, 
Trans. Chem. Soc., 1899, 1105). On treat- 
ing various externally compensated bases with 
these optically active acids and fractionally 
product, it was found 
that the camphorsulphonic acids lend them- 
themselves very conveniently to the separation 
of the enantiomorphously related components 
of such bases. Thus, on treating externally 
compensated tetrahydropapaverine, a base 
having the structure— 


CH;:O0:-C:CH-CH 


d | 

CHa: O-C:CH:C 
CH, 
| 

CH;0:C:CH-C — CH 


| | 
E neat a E E 


with d-bromocamphorsulphonic acid, and 
crystallising the product from water, a highly 
crystalline salt first separated, and was ascer- 
tained to be l-tetrahydropapaverine d-bromo- 
camphorsulphonate ; the solution subsequently 
yielded a resinous salt which proved to be 
d-tetrahydropapaverine d-bromocamphorsul- 
phonate. These two salts, when treated with 
an alkali, gave the two enantiomorphously 
related components of the original externally 
compensated base (Pope and Peachey, Trans. 
Chem. Soc., 1898, 893). 

A similar result was obtained on crystallising 
externally compensated tetrahydroquinaldine, 
a base which has the following constitution, — 
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H Hs, toluquinaldine (Pope and Rich, Trans. Chem. 
l Soc., 1899, 1093), and to tetrahydro-f- 
naphthylamine (Pope and Harvey, Trans. 
Ho N7 wee Chem. Soc., 1901, 74). 
| I | „H 
H-—C CC H He 
b Ti NE ‘Hs | 
i i CC 
ne cH ‘cH: 
with d-bromocamphorsulphonic acid; 1-tetra- ita Jl ei 
hydroquinaldine d-bromocamphorsulphonate is IN A SZ H3 
less soluble than d-tetrahydroquinaldine d- | i 
bromocamphorsulphonate, and consequently is H H 


first separated in a state of purity (Trans. 
Chem Soc., 1899, 1,066). 

Since the salts obained by aid of the opti- 
cally active camphorsulphonic acids are, in 
general, much less soluble than those obtained 
with d-tartaric acid, it seemed possible to 
still further increase the convenience of the 
methods available for the resolution of these 
externally compensated bases, and upon the 
following grounds. When tartaric acid is used, 
and two salts are produced—these being dis- 
tinguished as d-B, d-A, and 1-B, d-A—a rather 
tedious series of fractional crystallisations has 
usually to be undertaken in order to effect their 
isolation in a state of purity, because the two 
salts donot, asarule, differ greatly in solu- 
bility; if, however, measures could be taken 
to prevent the formation in the solid state 
of one of these two salts, the purification 
of the other would be very easily effected. 
The prevention of the formation of the 
more soluble of the two salts was effected 
in the case of tetrahydroquinaldine, by crystal- 
lising from water a mixture of two equivalents 
of the externally compensated base, with one 
equivalent each of hydrochloric acid and 
d-bromocamphorsulphonic acid; the l-tetra- 
hydroquinaldine then separated almost com- 
pletely as d-bromocamphorsulphonate, whilst 
d-tetrahydroquinaldine hydrochloride, being 
very soluble in water, remained wholly in 
solution. The resolution of the base occurs, in 
this case, in accordance with the equation— 


d-B 4+ 1-B 4+ HCl + d-A = l-B, d-A 4-d-B, HCI 


the least soluble component of the system, 
1-tetrahydroquinaldine d - bromocamphorsul- 
phonate, l- B, d - A, being the only salt which 
crystallises out. 

A further extension of the method was 
successfully applied to two other eaternally 
compensated bases, of which the constitutions 
are given below, namely, to tetrahydropara- 


Tetrahydro-B-naphthylamine. 


On adding to an aqueous solution of two 
equivalents of externally compensated tetra- 
hydroparatoluquinaldine hydrochloride, a solu- 
tion of one equivalent of ammonium d-bromo- 
camphorsulphonate, a copious separation of 
lævo - tetrahydroparatoluquinaldin: d-bromo- 
camphorsulphonate (1-B, d-A) takes place, this 
being the most sparingly soluble salt of waich 
the formation is possible in the system; the 
resolution occurs in accordance with the 
following equation :— 


d-B, HC] + 1-B, HCI + d-A, N H; = 
1-B, d-A + d-B, HCl + N Hs, HCI 


Similarly, on adding a solution of one 
equivalent of the ammonium salt of d-bromo- 
camphorsulphonic acid to a solution of two 
equivalents of externally compensated tetra- 
hydro-8-naphthylamine hydrochloride, the least 
soluble salt of which the formation is possible 
is immediately precipitated from the solution ; 
this salt is d- tetrahydro - 8 - naphthylamine 
d-bromocamphorsulphonate (d-B, d-A), and 
the resolution occurs in accordance with the 
equation— 


d-B,HC] + 1-B,HC] + d-A,NHs = 
d-B, d-A + 1-B, HCl + NHs, HCL. 
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Miscellaneous. 


a j 


UNEXPLORED CANADA. 


The Director of the Geological Survey in Canada, 
in his last report, makes the statement that practi- 
cally nothing is known of one-third of the Dominion. 
He says :—“ There are more than 1,250,000 square 
miles of unexplored lands in Canada. The entire 
area of the Dominion is computed at 3,450,257 
square miles, consequently one-third of this country 
has yet been untravelled by the explorer. Exclusive 
of the inhospitable detached Arctic portion, 954,000 
square miles are for all practical purposes entirely 
unknown.” A careful estimate is made of the un- 
explored regions. Beginning at the extreme north- 
west of the Dominion, the first of these areas is 
between the eastern boundary of Alaska, the 
Porcupine River, and the Arctic coast, about 9,500 
Square miles in extent, lying entirely within the 
Arctic circle. The next is west of the Lewes and 
Yukon Rivers, and extends to the boundary of Alaska. 
Until last year 32,000 square miles in this area were 
unexplored, but a part has since been travelled. <A 
third area of 27,000 square miles lies between the 
Lewes, Pelly, and Stikine Rivers. Between the Pelly 
and the Mackenzie Rivers is another large tract of 
100,000 square miles. It includes nearly 600 miles of 
the main Rocky Mountain range. An unexplored 
arca of 50,000 square miles is found between Great 
Bear Lake and the Arctic coast, being nearly all to 
the north of the Arctic circle. There is another tract 
between Great Bear Lake, the Mackenzie River, and 
the western part of Great Slave Lake, in all 35,000 
square miles. Lying between Stikine and Laird 
Rivers to the north, and the Skeena and Peace Rivers 
to the south, is an area of 81,000 square miles, which, 
except for a recent visit by a field party, is quite un- 
explored. Of the 35,000 square miles south-east of 
Athabasca Lake little is known, except that it has 
been crossed by a field party en route to Fort 
Churchill. East of the Coppermine River, and west 
of Bathurst Inlet, are 7,500 miles of unexplored Jand. 
Eastward from this, lying between the Arctic coast 
and Black’s River, is an area of 31,000 square miles. 
Embracing 178,000 square miles is the region 
bounded by Black’s River, Great Slave Lake 
Athabasca Luke, Hatchet and Reindeer Lakes, 
Churchill River, and the west coast of Hudson Bay. 
This country includes the barren grounds of the 
continent. On the south side of Hudson Bay, 
between the Severn and Attawapishkat Rivers, is an 
area 22,000 square miles in extent, and lying between 
Trout Lake, Lac Seul, and the Albany River, are 
another 150,000 square miles of unexplored land. 
South and east of James Bay, and nearer to large 
centres of population than any otber unexplored 


region, is a tract of 35,000 square miles. The most 
easterly area is the greatest of all. It comprises 
almost the entire interior of the Labrador peninsula 
or North-West Territory, in all, 289,000 square miles. 
According to the United States Consul at Stratford, 
Ontario, Mr. A. P. Lowe made a line of exploration 
and survey, two or three years ago, into the interior 
of this vast region, and the same explorer also 
travelled inland up the Hamilton River, but with these 
exceptions the country may be regarded as practically 
unexplored. The Arctic islands will add an area of 
several hundred thousand square miles of unexplored 
land. The Government during the past year has 
made a great effort in the direction of exploring and 
developing this vast territory. It has recognised the 
fact that railways are essential to the development of 
a new country, and liberal inducements for their con- 
struction are made by granting millions of acres of land 
as a bonus. The proposed Manitoulin and North Shore 
Railway has been granted 2,500,000 acres. The Act 
awards 10,000 acres per mile to the southerm end of 
the line as an extra inducement to the early com- 
pletion of this section. The northern end grant is at 
the rate of 7,500 acres per mile. The proposed line 
will be of great value to certain parts of Ontario. 
Stratford, for instance, will then be only 365 mites 
from Sault Ste. Marie, or 183 miles nearer than 7e 
North Bay, as at present; Palmerston, another rail- 
way centre, will be 245 miles nearer, and other 
places in the Stratford district will be also favourably 
affected. The opening up of the Bruce peninsula 
will be stimulated by the new line running its 
entire length to Tobermoray, which will become 
prominent as a railway terminus and lake port. 
Manitoulin Island, hitherto isolated from the rest of 
the world, except during the season of navigation, 
will have the great obstacle to its development 
removed. Very little appears to be known by the 
outside world of this great island in the Northern 
lakes. A prominent Manitoulin merchant, in a 
recent interview, made the following observation 
about the island :—‘‘ There is no doubt that Mani- 
toulin, from an economic point of view, is of import- 
ance. That island, with its population of 15,000, is 
exporting £200,000 worth of products a year. That 
is but a fraction of what may be done. We have 
pasture lands sufficient to raise beef stock that will 
eclipse in numbers and quality the output of your 
best three beef counties; we could raise lambs 
enough to supply both Toronto and Buffalo; and 
we could, with proper railway facilities, put Mani- 
toulin at the head in the butter and cheese products 
as well.” The indications are, that during the next 
five years, at least 5,000 miles of new railways will be 
completed throughout the Dominion, most of which 
will run through the unexplored wilderness. The 
mineral wealth of this unknown region is undoubtedly 
immense, and perhaps inexhaustible, while the dense 
forests of hard wood, now of such little value, will, 
when brought to the markets of the world, become a 
source of considerable profit. 
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SUSSEX IRONSTONE. 


The Iron and Coal Trades Review referring to 
the possibility of utilising the ironstone of the Sussex 
Weald, points out that their are no open workings of 
ore now existing in Sussex from which estimates may 
be formed as to the extent of the yield, nor have any 
sufficiently detailed accounts been published. How- 
ever, there is reason to believe that the yield per acre 
would be comparatively small. Mining clay-iron- 
stone always involves the removal of a large quantity 
of waste material. It is not like a solid bed of ore, 
such as that of Cleveland. A large quantity of shale 
must always be extracted ; and frequently the yield of 
ore is not sufficient to pay the cost of working. In 
this respect ironstone mining in the Weald would be 
now at a disadvantage compared with that of former 
days. Until the last fifty years, and for centuries 
before that, the farmers in the Weald had been in the 
habit of manuring their land with what they are 
pleased to call ‘ marl ’’—that is, with shale, such as 
that in which the ironstone occurs. ‘ Marl pits ” and 
s“ mine pits ” occur together; the latter being small, 
the former often enormous hollows, whence thousands 
of tons of marl have been carted. That the marl was 
so carted away, generally, is tolerably certain; for 
waste heaps rarely occur over the districts which have 
been most thoroughly mined for iron. The ironstone 
in the raw state seems to have averaged about 35 per 
cent. of iron. If mining were now recommenced, the 
ore would probably have to be sent away to be 
smelted elsewhere. It would not pay to send ore of 
so low a percentage of iron to any distance. Calcining 
the ore would, of course, raise its iron content, but for 
this there must be fuel on the spot. Wood is too 

scarce, or would quickly become so, and coal would 
have to be sent into Sussex for the purpose. The 
great difficulty is the fuel. With coal in Sussex there 
might be a chance of utilising the iron ore which still 
exists there. Without that the chances of bringing 
this about can be but small. 


THE “ALFRED JEWEL.” 


The following letter to the Editor of The Times, 
by Sir George Birdwood, on the famous “ Alfred 
Jewel” in the Ashmolean Museum, Oxford, which 
holds so important a position in the history of ancient 
jewellery and enamelling, is taken from the issue of the 
§th inst. :—Quite apart from the question whether the 
prognathic basal extension of the “ Alfred Jewel” 
was intended to represent the snout of a boar or a 
fish, every one familiar with the phylacteric talismany 
of the regal helmets of the Chinese and Indian 
Tartars will be prepared to accept Professor Earle’s 
explanation of the jewel as a significant adjunct and 
adjuvant of a ‘‘ Cynehelm”’ of, or about, the time of 
Alfred the Great. It closely resembles the foru 
wom on their regal helmets and turbans by the 


“« Mo(n)gol Emperors” of India’ The word forn 


means literally “ta forelock,” “a curl,” “a ringlet ;” 
and hence “a plume,” “a crest,” “a tassel;” and 
metaphorically “the cream (of anything) ;” while the 
toru of the Tartar regal helmet, as worm by the 
“ Emperors of Delhi” and their higher officers, was 
a phylacteric jewel of gold set with precious stones, 
fashioned as a variant of the “knop and flower” 
pattern, of which I have written at length in the last 
chapter of “The Industrial Arts of India.” The 
base of the jewel represents an expanded lotus flower 
of, usually, 12 petals, and the apex a lotus bud, 
modelled flat, with a flamboyant edging of gold, 
irradiated with diamonds. The back of both the 
flower and the bud are always decorated, in graved 
work, or enamel, with a conventional representation 
of the “ Tree of Life.” It is the “Tree of Life,” in 
its lily form, that is engraved on the back of the 
‘* Alfred Jewel,” and this at once suggests its 
Oriental inspiration, and it is evidently but another 
variant of the lotus-knop of Egyptian, Assyrian, 
Buddhistic, and Arab art. Of course, no Oriental 


-understanding the symbolism of the jewel would 


have so draugkted the decorations thereon that it 
had to be worn on the “ Cynehelm ” upside down— 
that is, with the broad end of the ‘‘knop” upward 
and the pointed end downward—in utter violation of 
all the principles of talismanic ‘‘ signature.” 


VENEZUELAN PEARLS. 


One of the principal sources of the wealth of the 
Venezuelan Island of Margarita lies in its pearl 
fisheries. The pearls of Margarita have been known 
since the discovery of the island by Columbus and his 
followers. It was on this island and on the main- 
land adjoining that the Spaniards found the natives 
decked with pearls. History claims that these pearls 
were one of the prime causes of trouble among the 
adventurers who first visited and settled on those 
shores. Pearls having lately risen in value, there has 
been extraordinary activity on the island. Buyers 
from different parts of the world reside there, and 
purchase from the native fishermen the products of 
their industry. About four hundred sailing boats are 
used by the natives in the fisheries of Margarita and 
its neighbouring islands of Coche and Cubagua. The 
principal beds are at El Tirano, north-east, and 
Macanao, north-west of Margarita. About two 
thousand men find constant employment in this 
trade. The fishermen use metal scoops, which are 
dragged over the oyster beds, and when filled, 
brought to the surface, where the shells are opened 
and carefully examined. The boats in use are from 
3 to 15 tons, and pay to the Venezuelan authorities 
about 12s. each for permits to fish. According to 
Consul Goldschmidt, the pearls are very fine in 
quality, beautiful in lustre, and run from white to 
yellow in colour; occasionally a black one, priceless 
in value, is brought to the surface. One white pearl, 
of large size and good quality, was sold in Margarita 
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not long since for £340. The shell of the oyster is 
not of much commercial value, being too thin for the 
manufacture of buttons and other fancy articles, such 
as are made from the Oriental pearl shell; this, it is 
stated, is due to the short life of the Margaritan pearl 
oyster, eight years being about the average age. 
Pearls from dead oysters have very little value, as 
they lose their lustre. A French company has 
recently started fishing for pearls by means of divers 
and diving apparatus, and expect great results from 
their enterprise. The divers claim that they can 
select the larger oysters and leave the smaller undis- 
turbed, giving them time to grow and increase in 
value. This company, at the head of which is a 
prominent jewel merchant, purchased the concession 
from a Venezuelan, and must pay the Venezuelan 
Government 10 per cent. royalty on the profits of the 
enterprise. The value of pearls found near Margarita 
is estimated at about £120,000a year. Most of these 
pearls go to the Paris market, which, sellers claim, 
gives the best results. If the new method adopted 
by the French company is successful, the output of 
pearls will, it is stated, be considerably increased in 
quality and value in the future. — 


THE MINERALS OF MOROCCO. 


According to Za Gazette Coloniale, Morocco is 
rich in various kinds of minerals. The most widely 
distributed are copper, lead, zinc, antimony, mercury, 
and iron ;- also metals belonging to the platinum 
group—platinum, iridium, palladium, &c. In some 
places, manganese and chromium have been dis- 
covered, and it is a well-known fact that Morocco 
possesses large beds of phosphate of lime. The 
copper ore is very often argentiferous, and sometimes 
auriferous, and is found everywhere in the region of 
Sous and of Tangier. Iron mines are numerous, and 
the presence of gold has been quite recently indicated. 
Lead ore, which is always more or less argentiferous, 
is frequently found in different parts of North Africa, 
though usually subordinate to the presence of other 
metals, as copper and zinc, in the same beds. The 
mines of Gar Rouban, on the frontier of Morocco, 
and veins cropping out in various parts of the Empire, 
indicate the abundant presence of this metal. 


Correspondence. 
tocar reece arses 
MANUFACTURE OF COCOANUT BUTTER. 


We have had our attention drawn to an article that 
appeared in your Journalin May last (see ante p. 535), 
with reference to the manufacture of cocoanut butter in 
Germany, but we fear that the prominence given to a 
foreign mgnufacture (while the fact that the same 
article, which was originally invented and manufactured 
in this country, is entirely ignored) may mislead some 
of your readers. It isno doubt most interesting to 
your readers to learn that cocoanut butter is made in 


Mannheim, and we trust that it is of equal interest to 
them to know that the same article is made in this 
country. Our factory at Silvertown was the first to 
produce cocoanut butter; and so large has the trade 
become, that we have started a second factory at 
Liverpool. We believe that in this particular in- 
dustry our foreign rivals have failed to secure the Jead, 
as they: have in many others, for the output of our 
two factories is believed to be greater than that of all 
other makers put together. . 

Oar cocoanut butter and cocoanut suet, to which 
we give the registered trade names of ‘“ Nutoline’’ 
and ‘‘ Vejsu,”’ are sold in very considerable quantities 
by the leading stores in London and provincial towns, 
and are fairly well known in the colonies and abroad, 
and most popular amongst Vegetarians, Jews, Ma- 
homedans, and others, who prefer vegetable to 
animal fats on account of the guaranteed purity and 
economy. The sales to tropical climates, where the 
good keeping qualities of nucoline are much appre- 
ciated, increase rapidly. For retail trade, nucoline is 
packed in tins of various sizes, from 1lb. upwards, 
and the price compares favourably with the foreign 
makes. 

We also make several harder fats from the same 
source, specially for manufacturing confectioners, in 
fact the predecessors of this company were the original 
makers of ‘Cocos Butter,” which is now so exten- 
sively used in the manufacture of chocolates and 
other sweets. 

We trust that, with this information before you, 
you will correct any possible misunderstanding on 
the part of your readers that the centre of the cocoa- 
nut butter industry is situated abroad. 

FRANCIS T. LODER, 
Managing Director. 
Loders & Nucoline, Limited, 
Cairn Mills, Silvertown, London. 


gist July, rgor. 


General Notes. 
——— 

PETROLEUM MOTORS FOR FISHING VESSELS.— 
H.M. Consul-General reports that it has recently 
been stated that the German Government has con- 
tributed a certain sum towards the costs of experi- 
ments which are being made in Germany for pro- 
viding fishing (sailing) vessels with auxiliary screw 
propellers worked by petroleum as motive power. 
Such an arrangement would, it is thought, be of 
great advantage, for the fishing vessels would thus be 
able to fish during complete calm, and whilst earning 
more in this way, would also be able to convey their 
catch more quickly than at present to market. 


CoaL PRopDuCcTION.—The production of coal in 
the United Kingdom in 1900 was 225,181,000 tons, 
valued at £121,653,000. The output in Belgium was 
23,352,000 tons, in France 32,587,000 tons, in 
Germany 109,225,000 tons, and in the United States 
245,422,000 tons. 
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Notices. 
PS 
EXAMINATIONS, 1902. 


The Programme for 1902 is now ready, and 
can be had, price 3d., Post Free, on appli- 
cation to the Secretary, Society of Arts, 
Adelphi, London, W.C. The Examinations 
for Grade I. and Grade IT. will be on similar 
lines to those of the present year, no important 
changes having becn made. The proposal to 
add a third, or Advanced Grade, will not be 
carried into effect at the next Examinations. 

The Examinations will commence on Mon- 
day, 14th April, and will be concluded on 
Thursday, 17th April. 

The last day for receiving applications is 
Wednesday, the 19th March, 1902. 

The Practical Examination in Vocal and 
Instrumental Music will commence on the 
3oth of June. The last day for receiving 
applications is Monday, June 2nd. 

The questions for 1901 are included in the 
Programme. Those for the years 1896 to 1900 
inclusive can also be obtained (price 3d. each 
year) on application as above. 


Proceedings of the Society. 
——____@———____. 
CANTOR LECTURES. 


THE BEARINGS OF GEOMETRY ON THE 
CHEMISTRY OF FERMENTATION. 


By W. J. POPE. 
Lecture L1l.—Delivered February 25, 1901. 


been yet done in studying the physiological 

action of such compounds upon the higher 
animals, attention may be advantageously 
directed towards a few results which have been 
recorded. Chabrié (Comptes rendus, 116, 
1410) has made experiments which indicate 
that optical isomerides may differ considerably 
in toxic power; on injecting aqueous solutions 
of the various tartaric acids into the peritoneal 


cavity of the guinea pig, he found that if the __ 


fatal dose of lavo-tartaric acid is taken as | 
31, that of dextro-tartaric acid is 14, that of © 
racemic acid 8, and that of mesotartaric acid | 
is 5. These results, however, stand greatly in 
need of confirmation, in view of the curious 
circumstance that racemic acid, which in solu- | 
tion is merely a mixture of the dextro- and 
levo-tartaric acids, is represented as having a 
much higher toxicity than either of its com- 
ponents. 

More conclusive results have recently been 
recorded by Neuberg and Wohlgemuth (Ber- 
ichte, 190I, 34, 1745) in connection with the 
subcutaneousinjection of dextro-, lævo-,and ex- ` 
ternally compensated arabinose (see p. 705) in | 
equal quantities into dogs. On subsequently 
determining the amount of the sugar which 
passed through the system unaltered, it was — 
found that 7'1 per cent. of the lævo-arabinose, _ 
36°0 per cent. of the dextro-arabinose, and 31°7 _ 
of the inactive arabinose which had previously 
been administered, could be subsequently sepa- 
rated from the urine; the externally compen- 
sated arabinose thus eliminated was, however, 
not optically inactive but consisted of 54°8 per | 
cent. of dextro-, and 45°2 per cent. of lævo- 
arabinose; this is, of course, the kind of 
behaviour which would be expected, since the 
levo-isomeride is more easily consumed in the 
organism than the dextro-compound. 

Piutti has stated (Berichte, 19, 1691) that 
the two asparagines, substances possessing 
the structure— 


H2N 


C 
aS 


CH:3CO-'NH32 


COoH, 


both of which are present in the sprouts of the 
vetch, have different tastes, dextro-asparagine 
having a sweet taste and levo-asparagine being 
tasteless. 


The fact that so little data exist which bear on | 
the behaviour of stereoisomerides in the economy | 
of the higher animals is partly due to the great — 
difficulty experienced in eliminating the source 
of uncertainty introduced by idiosyncrasies of 


Many interesting. problems, some of great 
practical importance, arise in connection with 
the question of possible differences in the 
physiological action of enantiomorphously re- 
lated substances. Although very little has 
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individual animals. Difficulty also arises from 
our ignorance as to which particular physio- 
logical effect of the stereoisomeric substances 
administered should be regarded as the imme- 
diate or direct result of such administration ; 
the death of a guinea pig, following the in- 
jection of a tartaric acid, is probably quite an 
auxiliary effect, or is perhaps only one of a 
whole series of changes consequent one upon 
the other, each, as it occurs in turn, being more 
and more remotely indicative of the first effect 
of the administration of the poison. An instance 
may possibly render this clearer: all the tetra- 
hydronapthylamines containing an asymmetric 
carbon atom, when administered in any way 
whatever to a higher animal, cause, amongst 
other symptoms, great dilatation of the pupil of 
the eye. This mydriatic effect is, however, so 
characteristic of the whole class of tetrahydro- 
napthylamines referred to, that it has been used 
by Bamberger as a test for such compounds; 
experiments made, at my instance, with dextro- 
and lzevo-ac-tetrahydro-8-naphthylamine (Lec- 
ture II., p. 697) led to the detection of no 
difference in the degree of the mydriasis set up 
in guinea pigs by the two optically active 
isomerides. The mydriatic effect is appa- 
rently a secondary result of the administration 
or is too coarse a symptom to reveal the fine 
differences in the physiological action of the 
stereoisomerides. A similar remark is pro- 
bably applicable to the negative results of the 
experiments snggested by Ladenburg (Falck, 
Annalen, 247, 83), upon the relative toxicity 
of dextro- and lzvo-coniine. It is, in fact, 
hardly an exaggeration to say that the 
physiological actions of chemical substances 
on higher animals are, roughly speak- 
ing, actions attributable to a particular 
type of molecular structure: minute differ- 
ences of structure existing between sub- 
stances of similar type are not always re- 
flected in the physiological action as that action 
is at present examined. 

Although the indirect nature of the observ- 
able physiological effects upon higher animals 


is probably responsible for the negative results | 


so frequently obtained when stereoisomerie 
substances are administered, the difference 
observed by Neuberg and Wohlgemuth in the 
ease with which the animal economy consumes 
dextro- and lzvo-arabinose demonstrates in a 
simple and elegant manner that the enantio- 
morphism of the higher animals is not limited 
to enantiomorphism of form alone. It is an 
enantiomorphism which extends to the com- 
pounds present in the body juices, and it may 


be at once stated that almost every substance 
containing an asymmetric carbon atom which 
is present in such body juices, is present as 
one or other, but not as both, of the two 
possible mirror-image configurations. 

Pasteur apparently foresaw the difficulties 
inherent in such experiments on higher animals 
as those discussed above, for although he did 
the first work, and a vast amount of work, 
upon differences in the physiological behaviour 
of stereoisomerides, he seems always to have 
chosen his subjects from among the lower 
organisms. On providing a micro-organism 
with stereoisomeric substances as foodstuffs, a 
difference in behaviour is almost always observ- 
able ; the organism devours the one isomeride 
more quickly than the other, or sometimes 
refuses to attack one optically active modifica- 
tion whilst readily consuming the other. 


3. Resolution by applying the selective 
action of micro-organisms. 


The third kind of method given by Pasteur 
for the resolution of externally compensated sub- 
stances, consists in applying the fact that this 
difference in physiological behaviour is observ- 
able between two enantiomorphously related 
compounds. The simplest method of making 
the desired application consists in inoculating 
a suitable medium containing the externally 
compensated substance to be resolved, with a 
pure culture of some lower organism such as a 
yeast, a mould, or a bacterium. The organism, 
during its growth in the medium, may con- 
sume one of the enantiomorphously related 
constituents, leaving the other partially or 
wholly unattacked; the latter can then be 
separated from the liquid by appropriate chemi- 
cal methods. Although the second method of 
resolution is the one most frequently used, this 
third kind of method of resolving externally 
compensated substances possesses the advan- 
tages that its application is not limited to 
acid and basic substances, and that it is, in 
general, most readily applicable to sugars and 
to sugar-like substances; the latter fact 1s 
closely connected with the fact that substances 
of the class mentioned doubtless constitute 
the normal food-stuff of the lower organisms. 
Since sugar-like compounds are, in general, 
neither acid nor basic in character, the second 
kind of Pasteur method can but rarely be used 
for the resolution of artificially prepared, and 
therefore externally compensated sugars, into 
their optically active components. The third 
kind of method becomes consequently the most 
important of the three so far as the synthetic 
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preparation of the naturally occurring sugars 
is concerned ; it is, however, of quite subordi- 
Nate importance as a general method for 
isolating optically active substances from ex- 
ternally compensating materials without refer- 
ence to the nature of the compounds. The 
principal reasons of this are the following :— 
(a). One-half at least of the externally com- 
pensated substance is destroyed during the 
growth of the organism, and the remainder is 
always left in a very impure condition, owing 
to contamination with the various secondary 
products of the life of the organism; one-half 
of the material is destroyed because the 
method is not really a method of resolution 
into optically active components, but a method 
for the removal, by chemical change, of the 
one constituent. (ò). The method is not widely 
applicable because most classes of synthetic 
organic compounds are powerful bactericides. 
(c). The method can only, as a rule, be used 
in very dilute solutions, and must therefore be 
carried out on quite a small scale, because it 
is desirable to preserve the medium free from 
foreign organisms, and this can only be done 
conveniently if the volume of liquid dealt with 
in One experiment is comparatively small. 

As illustrations of the use of the third kind 
of method, the following may be quoted. 
Pasteur found that during the fermentation 
of a solution containing racemic acid by the 
mould, Penicillium glaucum, the dextro- 
tartaric, acid is first devoured, whilst the 
levo-tartaric acid remains behind in the 
solution. Similarly, Lewkowitsch showed 
(Berichte 16, 2729) that in a solution of in- 
active glyceric acid, 


H—O H O 


H-E-G-CC H 
woe 


Pencillium glaucum attacks the dextro-acid, 
leaving lævo - glyceric acid behind, whilst 
Frankland and Frew (Trans. Chem. Soc., 1891, 
101) observed that just the reverse kind of 
behaviour is exhibited by the Bacillus ethace- 
ficus; this organism destroys the lzevo-glyceric 
acid leaving dextro-glyceric acid in the solu- 
tion. 

The fermentative action of micro-organisms 
being exerted most frequently upon sugar-like 
substances, it becomes important to consider 
the chemical nature of the sugars; these com- 
pounds are very widely distributed products of 
the vegetable and animal kingdom, and are 
nearly all optically active in solution, owing to 


the presence in the molecule of asymmetric 
carbon atoms. During the past fifteen years, 
the isomerism occurring amongst the sugars 
and allied substances, in consequence of the 
presence of these asymmetric carbon atoms, 
has been to a considerable extent elucidated 
by Emil Fischer, who has also succeeded in 
preparing artificially or synthesising the most 
important of the more simple members of this 
class of natural products. 

The sugars proper are so-called ‘‘ ketonic ” 
or ‘‘aldehydic’’ polyhydric alcohols derived 
from hydrocarbons—compounds of carbon and 
hydrogen—which contain not less than five 
carbon atoms in the molecule. Consider the 
structural formule given in Table ITI. 


TABLE III. 

H H H 
H-H H ob Hot 
u-dun no-e-H HO-G—H 
HH Hoc H HO-@—H 
H-H HO-G_H HO_-G—H 
H—d-H HO_¢_H =0 


i i i 


I. Normal II. Pentitol. III. Aldopen- 
Pentane. tose. 
H H 
L | 
HO—C—H HO- C—H HO—C=0 
Ho-6_H Ho_¢—H HO-6—H 
HO—C—H HO-O—H Ho-¢_H 
=O HO _6—H HO-¢—H 
Ho—¢_H Ho-¢=0 HO—C=0 
IV. Ketopen- V. Pentonic VI. Trihydroxy- 
tose. Acid. glutaric Acid. 


Formula I. is that of a hydrocarbon of the 
composition C;H:, which is termed normal 
pentane in allusion to the fact that the mole- 


cule contains five carbon atoms arranged ina 


chain, so that no one is attached to more than 
two others. On replacing one hydrogen atom 
attached to each carbon atom by a hydroxyl 
group, —O—H, a substance of structure II. is 
obtained; this is termed a pentitol, the termi- 
nation ‘‘ol’’ being used to indicate the pre- 
sence of the five hydroxylic or alcoholic groups 
in the molecule. If, in the pentitol, a hydrogen 
atom and an hydroxyl group attached to one of 
the terminal carton atoms of the chain be 
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-together replaced by a divalent oxygen atom, 
the substance of structure III. is produced ; the 
molecule of this contains a group of the structure 

| O 


d_d¢_ 


| 
AA | 


characteristic of the so-called aldehydes. If 

the replacement of the hydrogen atom and the 
, hydroxyl group be effected upon a carbon atom 

which is not at the end of the chain, a sub- 
“stance like that of structure IV. results; this 
contains the group of atoms 


E, 
| | 
closely allied to an aldehydic group, but which 
is termed a ketonic group. Substances III. 
and IV. are true sugars, that is to say, they 
are aldehydes or ketones containing several 
hydroxyl groups in the molecule; that they 
are sugars is indicated in the name by the 
termination ‘‘ose,’’ the presence of an alde- 
hydic or a ketonic group by the prefix “aldo ” 
or ‘‘ keto’’ respectively, whilst the number of 
carbon atoms inthe molecule is indicated as 
before by the use of the syllable “ pent.’ Sub- 
stance III. is an aldopentose, and substance 
IV. is a ketopentose. If these compounds be 
so treated that the terminal carbon atom or 
atoms in the chain become attached to 
ketonic or aldehydic oxygen atoms and to 
hydroxyl groups, thus— 
O—H 


so-called carboxylic acid is obtained; these 
compounds—numbers V. and VI.—are of great 
importance in the identification of sugars and 
allied substances. 

Although the structural formulæ given in 
Table III. refer to substances which exhibit a 
close generic relationship, the possibilities of 
optical isomerism differ greatly amongst the 
various structures I. to VI. Thus, normal 
pentane contains no asymmetric carbon atom, 
so that only one substance of structure I., and 
that optically inactive, is capable of existence. 
The pentitols, however, contain two asym- 
metric carbon atoms of similar kinds; there 
can exist therefore two optically active, one 
externally compensated, and two internally 
compensated isomerides. These two inter- 
nally compensated modifications owe their 
existence to the identity of the case of the 


pentitols with that discussed in Lecture II. 
(page 692); one corresponds to Fig. 5 and the 
other the same figure, in which the groups X 
and Y have been interchanged. The optical 
isomerism holding amongst the pentitols is 
similar to that possible amongst the trihydro- 
xyglutaric acids of structure VI. and all the 
possible isomerides have been prepared. 

The ketopentose of structure IV. exhibits 
optical isomerism of a rather more complex 
character ; the molecule contains two asymme- 
tric carbon atoms, a and £, of different kinds, 
and the following isomeric forms are capable 
of existence; namely, four optically active 
modifications which may be represented as— 

+a+e +a—8 

—a—s —a+ 
and two externally compensated isomerides, 
one consisting of the pair + a -+ 8 and — a — 8, 
and the other of the pair + a — B and —a-+ 8. 
The isomerism of the ketopentoses will be seen 
to be similar to that possible amongst the 
pentonic acids. 

The isomerism of the aldopentoses is still 
more complex, for a substance of structure IIT. 
contains three asymmetric carbon atoms, a, B, 
and y, all of different kinds; the following 
eight optically active isomerides are therefore 


possible— 
+atb+y —a+tB+y¥. 
— a — Ê — y. + a— ß— y. 
— a — bB 4 y. —a+B—y, 
t+ath—y +a—B+y¥. 


The members of each of these four pairs o 
optical antipodes yield on admixture an exter- 
nally compensated substance, so that four 
externally compensated aldopentoses can exist. 

Considerable difficulty is introduced into the 
discussion of the optical isomerism of the 
sugars and allied substances, by the fact that 
the structural formulz written upon a plane 
surface—or in two-dimensional space—have to 
be mentally translated into solid representa- 
tions of the molecules as extended in three- 
dimensional space, unless solid models of more 
or less cumbrous character be used to assist the 
discussion. To obviate this, it is convenient to 
employ a device introduced by Fischer, which 
consists in considering the formule in relation 
to the enantiomorphism in two-dimensional 
space exhibited by the plane structural formulze 
themselves. Thus, in Table IV. the structures 
of all the possible optically active and 
internally compensated pentitols are first given. 
Structures I. and II., in Fischer’s nomencla- 
ture, do not represent identical substances, 
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because, no matter in what way the formule 
are moved about in the plane of the paper, the 
hydrogen atoms and the hydroxyl groups 
attached to the carbon atoms in I. cannot be 
brought into the same positions relatively to 
the carbon atoms as they occupy in II. I. 
and II. are, however, structures which must be 
attributed to enantiomorphously related com- 
pounds, because, considering them always in 
two-dimensional space, and allowing for the 
necessary readjustment of the letters repre- 
senting the atoms, II. is the mirror-image of 
I. Structures III. and IV. are those of inter- 
nally compensated substances, because in two- 
dimensional space each is identical with its 
Own mirror-image; thus, the mirror-image of 
III. has the form A, and on rotating A in the 
plane of the paper and readjusting the letters, 
it becomes B, which is identical with III. 
itself. 


CH: ` OH CH: OH 
HO-C-H H: C- OH 
H- C- OH HO-C-H 
HO-C-H H-C: OH 
CH: OH CH: - OH 
A. B 


Table IV. exhibits also the relationships 
between the pentitols and the aldopentoses 
derived from them by replacing the group 
CH.OH by the aldehydic group CHO. The 
pentitol 1, thus yields the aldopentoses 5 and 
7, according as the CH,OH group at the one 
or the other end of the chain of carbon atoms 
becomes aldehydic; substances 5 and 7, 
although optically active, are obviously not 
enantiomorphously related, for if the one be 
+a- B+ y, the other is -a+8+y. The 
aldopentoses6and 8, enantiomorphously related 
to 5 and 7, are obtainable from the pentitol 2. 
On converting either of the internally compen- 
sated pentitols 3 and 4 into aldopentoses, an 
externally compensated substance is produced, 
from which the optically active components 
can be isolated by the application of the third 
Pasteur method. 


TABLE IV. 
Pentitols, Aldopentoses. 
CH:' H CHO CHO 
HO-C:OH HO‘G:H HO'C-H 
H-C - OH H:-C-:OH HO'@-H 
H-@:OH  H:G@:OH H-©-OH 
CH: OH CH: OH CH OH 
1. d-Arabitol 5. d-Arabinose. 7. 1-Lyxose. 


CH: ` OH CHO 'cHo `` 
H:C:OH H:-C':OH H'C'OH 
HO:C-H  HO-@-H  H'C'OH 
HO'C:H  HO-G:H HO'C-'H 
CH; OH CH; OH CH; OH 
2. 1-Arabitol. 6. 1-Arabinose. 8. d-Lyxose. 
CHy OH CHO CHO 
H-@:OH H-C@-OH HO-@-H 
HO-C +H HO:C-H H:C-'OH 
H:C:OH H-@-OH HO-@-H 
CHy OH CH; OH CH, OH 
3. Xylitol. 9. 1-Xylose. 10. d-Xylose. 
CH, OH CHO CHO 
HO-C:H HO-G-H H-C-OH 
| HO-C-H HO-@-H H:@- OH 
HO-@-H HO-©:H H-@-OH 
" CHy OH CH; OH ‘CH, OH 
4. Adonitol. 11. 1-Ribose. 12. d-Ribose. 


A number of pentitols and aldopentoses have 
been isolated from animal and vegetable pro- 
ducts, and to each of these belongs one of the 
configurations given in Table IV. ; it is difficult 
to see how the configurations of all could be 
deduced from the examination of these sub- 
stances alone. A powerful aid to such a 
deduction should be afforded by the different 
degrees and kinds of optical isomerism which 
ensue when pentitols of different configurations 
(containing two asymmetric carbon atoms) are 
converted into aldopentoses (containing three 
asymmetric carbon atoms); these different 
degrees and kinds of isomerism are, however, 
not sufficiently differentiated to enable an im- 
mediate and accurate conclusion to be drawn 
as to the configuration of all the members of 
these classes. The case of transition from 
substances containing two, to compounds con- 
taining three, asymmetric carbon atoms is not 
sufficiently complex to allow of the desired 
discrimination. 

If, however, in conjunction with these sub- 
stances, another important and nearly related 
class of naturally occurring polydric alcohols 
and sugars—the so-called hexitols and aldo- 
hexoses—be studied, the configurations of all 
the pentitols and hexitols and the sugars de- 
rived from them can be ascertained. The 
hexitols and aldohexoses are derived from 
normal hexane, a hydrocarbon of the molecular 
composition CHi, in a manner which will be 
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evident from inspection of the following 
formulz :— 
H H 
H. by H _t_on 
H. lu H—_OH 
Ht H_C_oH 
H-C—H H--C—OH 
Ht H_¢_oH 
nto H—C_OH 
H 
Normal Hexane. Hexitol. 
H I 
H_C_OH O—C—H 
(0 n—C_on 
H_b_oH H_C_oH 
H—C—OH H F: --OH 
H—C—oH H_C_oH 
H_b_on Hon 
Ketohexose. Aldohexose. 


Table V. gives the configurations of the 
possible hexitols and of the aldohexoses de- 
rived from them. The method by which Fischer 
has succeeded in determining the configura- 
tions of these substances is briefly as follows :— 


TABLE V. 
Hexitols. Aldohexoses. 
CH: ` OH CHO 
HO'C'H HO:C'H 
H-C-OH H-C-OH 
HO-C:-H HO-C:H 
H-+C-OH H-C-OH 
CH: . OH CH: ' OH 
13. l-Iditol. 23. l-Idose. 
CH: ' OH CHO 
H'C-OH H'C'OH 
HO-C-H HO-C:H 
H-C-OH H*C:OH 
HO-C-H HO'C'H 
CH: - OH CH: ` OH 
14. d-Idito!. 24. d-Idose. 


CH: : OH 
H -C -OH 
H-C-OH 
HO-:C:H 
HO-C-H 

CH; - OH 
15. 1-Mannitol. 


CH: ‘OH 
HO-C-H 
HO-C:H 
H-C-OH 
H+ C+ OH 

CH: ` OH 
16. d-Mannitol. 


CH:: OH 
H.: c °. OH 
HO : c °H 
H:C-OH 
H.: c ° OH 
CHr OH 
17. d-Sorbitol. 


CHa OH 
HO : c "H 
H-C: 
HO-C-H 
HO-C-H 
CH; OH 
18. 1-Sorbitol. 
CH:° OH 
H+ C-OH 
HO : c -H 
HO:C +H 
H+ C-+OH 
CH, OH 
19. Dulcitol. 
CH: OH 
HO: C -H 
HO-C-+H 
HO : C -H 
H: c ‘OH 
CHr OH 
20. d-Talitol, 
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HO-:C:H 


CH;: OH 
28. 1-Glucose. 


CHO , 
H-C:OH 
HO-C-H 
HO-C.H 
H+C-OH 
CH; OH 
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CHO 


“Cc: 


CH: ' OH 
25. l-Mannose. 


COH 
HO: C °H 
HO:C-:H 
H -C °- OH 
H-+C:OH 
CH: : OH 
26. d-Mannose. 


CHO 
: C "H 
.C-H 
H. C ‘OH 
C-H 
CH: OH 
29. d-Gulose. 


HC 


HO-C +H 
H -C . OH 
CHr OH 
30. l-Gulose. 
CHO 
HO-C:-H 
H C -OH 
H: c OH 
HO: C -H 
CH: OI 


31. d-Galactose. 32. 1-Galactose. 


CHO 


H:C.OH 
CH:: OH 
33. d-Talose. 


CHO 


35. 
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CH2: OH CHO CHO 
H-C:OH H-C-OH H C-OH 
H C: OH H c OH HO'C-H 
H:C OH H:C: OH HO-C-H 

HO-C-H HO-C-H HO -C H 

CH. OH CH, OH CH: OH 
21. 1-Talitol. 34. 1-Talose. 36. 

CH:' OH CHO CHO 
HO-C-H HO-C-H H-C-OH 
HO-C-H HO:C:H H:C:OH 
HO-C-H HO:C-H H:C:OH 
HO-C+H HO-C:H H:C'OH 

CH. OH CHr OH CHo OH 
22. 375 38. 


(1). On converting the aldehydic groups in 
the two aldohexoses, d-glucose and d-gulose, 
into CH,0H groups, the same hexitol is 
obtained, and this is d-sorbitol, a hexitol pre- 
sent in the sap of the service tree. It follows 
therefore that d-sorbitol has one of the con- 
figurations 17, 18, 20, or 21, these being the 
only hexitol configurations which can lead to 
two chemically different, as distinguished from 
enantiomorphously related, hexitols. 


(2). On converting the group, d = 0 
i | 
in the ketohexose, d-fructose, into the group 


H.: ‘ * OH, a mixture of the two optically 
active hexitols, d-sorbitol and d-mannitol, -is 
produced; these two hexitols differ therefore 
only in the configuration of one asymmetric 
carbon atom, and that one is an end asymme- 
tric carbon atom in the chain. Suppose now 
that, of the possibilities given in (1), d-sorbitol 
has either of the configurations 20 or 21; then 
d-mannitol necessarily has configuration 19 or 
22, but this is impossible because these latter 
are the configurations of internally compen- 
sated and therefore optically inactive hexitols. 
It follows therefore that d-sorbitol has either 
the configuration 17 or 18; these two configu- 
rations are enantiomorphously related, and 
consequently, as pointed out in Lecture I. 
(page 683), itis impossible to distinguish which 
really should represent the dextro-isomeride, 
and which the lkevo-compound. Configuration 
17 is therefore chosen arbitrarily as represent- 
ing d-sorbitol, and this being settled, 18 is 
]-sorbitol, and 15 and 16 necessarily represent 
levo- and dextro-mannitol respectively. 
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(3). The aldohexose, d-mannose, is con- 
vertible by a very simple operation into d-man- 
nitol, which has the configuration 16, and 
therefore has configuration 26. But in 
d-glucose and d-mannose, the first three asym- 
metric carbon atoms, countiffg from the 
CH.OH group, can be shown to have the same 
configuration, and therefore d- and I-glucose, 
and d- and l-gulose have configurations 27, 28, 
29, and 30 respectively. 

The configurations of a number of the 
hexitols and aldohexoses having been thus 
proved, they can be used as starting points for 
determining the configurations of all the others, 
and can also be used in the following manner 
for solving the more difficult problem presented 
by the less complex case of the pentitols and 
aldopentoses. 

(4). The aldopentose l-arabinose can, by 
means of the so-called ‘‘ cyanhydrin reaction,’ 
be converted into a mixture of l-mannonic and 
]-gluconic acids ; these acids are also prepared 
by converting the aldehydic groups in l- 
mannose and |-glucose respectively into carbox- 
ylic groups, and, therefore, have the con- 
figurations given below :— 


0:C:OH O:C:OH 

H‘C:OH  HO-C-H O:C'H 

H-C-OH H-C:OH H-C-OH 

HO‘C-H HO-C-H HO-C:H 

HO-C-H HO-C-H  HO-C:H 
CH) ` OH CH::OH CH: OH 

]-Mannonic acid. 1-Gluconic acid. 1-Arabinose. 


1-Arabinose must, therefore, have the con- 
figuration 2, and this, it will be seen, proves 
the configurations of d-arabinose, 1-lyxose, 
d-lyxose, d-arabitol, and l-arabitol, as 5, 7, 8, 
1, and 2 respectively. 

(5). 1-Xylose, by means of the cyanhydrin 
reaction, can be made to yield l-gulonic acid, 
which is also produced by converting the 
aldehydic group in l-gulose into a carboxylic 


group, thus :— 
O:C:OH 
H+C-+ OH 0:C:H 
H-C-OH H-C-OH 
HO-C-H HO-C-H 
H-C-OH H-C-OH 
CH: ‘ OH CH; - OH 
1-Gulonic acid. 1-Xylose. 


The configuration of 1-xylose is therefore 9, 
which proves that of d-xy!o3e to be 10, and 
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of xylitol to be 3. Only one configuration, 
namely 4, is now left as possible for adonitol. 

The aldohexoses and ketohexoses have the 
molecular composition C,H,.O,, and constitute 
a very important class of sugars; many of 
them not only occur in large quantities in 
vegetable and sometimes in animal products, 
but form, as it were, the units from which 
many sugars and sugar-like subs'ances of 
more complex molecular structure are built 
up. For this reason the sugars of the compo- 
sition C;H,.0. are termed monosaccharides. 

Those sugars, the molecules of which are 
built up of two monosaccharide molecules, are 
called disaccharides, and have the molecular 
composition C,,H»,0; they are formed by the 
combination of two monosaccharide molecules 
with simultaneous elimination of one molecule 
of water. The most important disaccharide is 
cane-sugar, and this, when warmed with, or 
allowed to stand in solution in, a dilute acid, 
undergoes ‘‘hydrolysis,’’ or takes up water, 
each molecule taking up one molecule of 
water, and becoming converted into two 
monosaccharide molecules. One of the mono- 
saccharide molecules is, however, one of the 
aldohexose, d-glucose, the other of the keto- 
hexose, d-fructose; the hydrolysis may be repre- 
sented by the equation — 


Ci2H2On + H:0 = CcoHi206 - CoHi206 
One mol. Onemol. One mol. One mol. 

cane-sugar. water. d-glucose. d-‘ructose. 
The other important disaccharides are 


lactose—the sugar contained in milk, and 
maltose—the sugar contained in malted barley. 
These undergo hydrolysis in the same kind of 
way as cane-sugar, but each molecule of 
lactose becomes converted into a molecule 
each of d-galactose and d-glucose, whilst each 
molecule of maltose yields two molecules of 
d-glucose. 

Similarly, trisaccharides possessing the com- 
position C,,H3O0., are known; each molecule 
of a trisaccharide, on hydrolysis, takes up two 
molecules of water, and yields three mono- 
saccharide molecules. The most important 
trisaccharide is raffinose, a sugar contained in 
manna; each raffinose molecule yields, on 
hydrolysis, one molecule cach of d-glucose, 
d-galactose, and d-fructose. 

In addition to the di- and _ tri-saccharides, 
which are true sugars, being crystalline in 
character and possessing a swect taste, other 
condensation products of the monosaccharides 
are knowr, which do not partake of these 
characters of the sugars; these substances 


have very high, and at present unknown, mole- 
cular weights, and are termed the polysaccha- 
rides. Like the mono-, di-, and tri-saccharides, 
the polysaccharides undergo hydrolysis with 
formation of monosaccharides, and possess 
molecular weights which are multiples of 
CsHiOs. The chief polysaccharides are the 
starches, the gums, and the celluloses. 


Miscellaneous. 
———— 


NHALAM-KAR, THE HAND - PAINTED 
CLOTHS OF INDIA .* 


The competition of mill-made European cloth has 
not only affected hand weaving, but also crippled all 
the ancient Indian industries connected therewith. 
The trade in khalam-kar, or hand-painted cloths, 
which was once flourishing in Bandar (Masulipatam), 
Cuddalore, and other places, has of late steadily 
declined. The famines of recent years have also 
helped to stamp out this decaying industry, by con- 
tributing to the poverty of the classes engaged in it. 
As a class, weavers and painters of cloth are rarely 
well-to-do, the majority of them being in the hands of 
the usurious cloth merchants, who take their finished 
goods in repayment of advances made tothem. In 
famine years, the celebration of marriages being re- 
tarded, the demand for cloths of all kinds is dimi- 
nished, and very often the weavers and the cloth 
painters have to give up their looms and brushes for 
field labour or some other occupation. On the return 
of favourable times, most of them return to their pro- 
fession from the out-door labour, while others, either 
owing to want of sufficient encouragement in the 
trade, or the loss, to a certain degree, of their 
professional skill and delicacy, abjure the craft 
altogether. The State, of course, intervenes to 
help such persons to tide over the famine; but 
that cannot lead to the material development of the 
industry, or to a substantial amelioration of its con- 
dition. The one satisfactory remedy seems to lie in 
finding a market for it. 

Ahalam-kar cloths cannot be placed in competition 
with European productions of a similar character, 
which, so early as the days of the Moghul Emperor 
Akbar, attracted the remark of being ‘‘ the wonderful 
works of the European painters of world-wide fame.” 
But the boldness of the designs, with the careful 
draughtsmanship of the minutest details, and their 
general finish and harmonious colouring, give them a 
fascination of their own, and this, taken with their 
cheapness, would necessarily find them favour in the 
eyes of many purchasers, if they could only be intro- 


è [Literally “ Pen-work,” being drawn with the reed pen 
of India and the East—Aalam. Cf.: Greek, “ Aalamos;"’ 
Latin, “Calamus” and our “culm,” a-d, also, ‘ haulm.” 
The so-called “ Dehli Paintings’? are all stippled with the 
reed pen.] 
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duced in merchantable quantities into Europe. They 
can be utilised as tablecloths, bed-sheets, curtains, 
and other articles. 

The process of making these cloths is remarkably 
primitive and simple. The first stage in the process 
is the preparation of the cloth for the painting. This 
is done as follows. A sufficient quantity of gall-nut 
is powdered and boiled in water, and the sediment 
is removed; after which one-fourth measure of 
buffalo’s milk, or one-half measure of cows’ milk, 
is mixed with water; the cloth is then put into it 
and saturated; and after a time it is taken out, 
strained, and allowed to dry. It is subsequently 
folded and beaten down with a dyer’s block. The 
cloth is now ready for purposes of painting. The 
painter takes a quantity of alum, and boils it in water. 
With this solution, which gives a pale dark colour, 
flowers and other objects are drawn artistically with a 
brush, or printed with a block on the cloth. The cloth 
is now dried, and gently washed in water. It is then 
boiled in water with pounded roots of nuna (Morinda 
umballata). During the continuance of the boiling 
process, which lasts for nearly three hours, the cloth 
is frequently stirred up with a stick. It is then taken 
out, and left to cool. When cooled, it is immersed 
in water mixed with sheep-dung, and immediately 
taken out. It is again washed well, and dried by 
spreading for nearly six hours over the damp sand in 
the river bed. This process renders the vacant 
spaces between the flowers white. The white 
portions are then coloured with dyes of local 
manufacture, or with any European dye, after 
it has been boiled with gall-nut water. White 
and black, are believed by the Hindus to be 
the origin of all colours, and are looked upon as 
extremes, and as the component parts of the other 
colours. Indigenous black colour is obtained by 
burning pieces of old iron in dry plantain leaves; and 
then boiling them in water with sugar-cane jaggery 
and pounded marking nut (Semicarpus Anacardium). 
Yellow is manufactured by dissolving Bengal 
saffron with aplakaram, a substance akin to 
soda, and boiling in water with gall-nut “flowers.” 
Green colour is obtained by dissolving pure indigo in 
similarly treated water. Other colours are prepared 
by similar devices, and each colour is painted in sepa- 
rately. Finally, the cloths are soaked in boiled rice 
water and strained. They are then ready for the market. 

The price of a bed-sheet of khalam-kar ranges 
from Rs. 1} to Rs. 2. It is durable and of fast colour, 
and is commonly used by Mussulmans of Singapore 
and Sumatra, and other places. In India, it is largely 
in demand on marriage occasions, when it is used by 
the middle classes as a covering, or palang-posh, 
[Anglice ‘‘ palampore’’]. It isalso largely utilised in 
the decoration of Hindu cars, This art was apparently 
introduced into India by the Mo(n)gols from Persia, 
and in the days of Akbar, who showed a great predi- 
lection for the art of painting in all its applications, 
and gave it considerable encouragement. Abul Faz 


writes that the work of all painters was weekly laid . 


before the Emperor, and they were rewarded accord- 
ing tu the excellence of their workmanship; and that in 
this way much progress was made in the commodities 
required by painters, and that the mixture of colours 
was especially improved. 

Although the Mussulman religion prohibits the 
drawing of likenesses of living objects, yet Akbar, 
with his wonted liberality of thought, not only en- 
couraged the art of such painting, but even censured 
those who had on religious grounds imbibed a hatred 
for it. One day, at a private party of friends, the 
Emperor is said to have remarked :—‘‘ There are 
many that hate painting; but such men I dislike. It 
appears to me that a painter has quite peculiar means 
of recognising God —for a painter, in sketching any- 
thing that has life, and devising its limbs one after 
the other —must come to feel that after all he cannot 
bestow life upon his work, and is thus forced to 
think of God, the giver of life, and will thus increase 
in knowledge of God.” 

It is to be hoped that the Akalam-kar cloths may 
find a market in England, and Europe, and America, 
in which case this vanishing industry will be resusci- 
tated in India, and thus a portion at least of the 
Indian population, whose sole occupation is agricul- 
ture—will be better able to withstand the calamities to 
which they are recurringly exposed in seasons of 


scarcity. 
M. AZIZUDDIN. 


LONDON STREET COMMUNICATIONS. 


The following letter from Sir John Wolfe Barry, 
K.C.B., F.R.S., is taken from Zhe Times of the 8th 
inst. :—‘‘In connection with the present discussion on 
the suggested widening of Piccadilly, may I bring 
before your notice a proposal which I sketched in a 
paper read before the Society of Arts for constructing 
a subway at Hyde-park-corner so that the east and 
west trafic (vehicular and pedestrian) might pass 
clear of the north and south trafic? No one can 
doubt that anything that would relieve the congestion 
due to these opposing streams at this spot would be 
of the highest utility, and it is fortunate that the 
position in question lends itself physically to this 
being done. 

I have recently again more carefully studied the 
question, with proper plans and levels, so as to be 
able to speak now positively as to its feasibility. 

Eastward of Down-street, Piccadilly rises to Hyde- 
park-corner to the extent of r2ft. by a gradient of 1 
in 50, and the Knightsbridge-road falls westward 
from Hyde-park-corner to the extent of 2oft. bya 
gradient of 1 in 40 towards Wilton-place. It would 
thus be easy, by utilising for the purpose a narrow 
strip of the Green-park, to construct a sunken road 
on the south side of Piccadilly, descending gently 
towards the west by a gradient of 1 in 70, to join a 
covered way which would extend under the wide 
space opposite the gates of Hyde-park and under the 
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junction of Grosvenor-place. The covered way would 
be about 340 yards in length, and would bend gently 
to the north in order to avoid St. George’s Hospital, 
and to emerge on the north side of Knightsbridge- 
road, at a spot slightly to the west of the hospital, in 
the narrow strip of land of Hyde-park between the 
railings of the park and the road in the park leading 
to Knightsbridge Barracks. 

The sunken road would rise from the west end of 
the covered-way by a gradient of 1 in 50, so as to 
join the Knightsbridge-road opposite Wilton-place. 
It will be understood that by means of the sunken 
road and covered way, all east and west traffic 
between Down-street on the east and Wilton-place 
on the west could wholly avoid the north and south 
stream of traffic passing by Hamilton-place, Consti- 
tution-hill, and Grosvenor-place, while the existing 
roads would remain unaltered for the accommo- 
dation of the latter stream of traffic and for access to 
Hyde-park. . 

From what I have said it will be realised that the 
descent into the covered way would be less in depth 
than the height of the ascent to Hyde-park-corner, 
and the gradients would be more favourable. The 
covered way could be well lighted and ventilated by 
well holes surrounded by ornamental balustrades ad- 
joining the Wellington Monument, and behind the 
southern railing of Hyde-park. At night, of course, 
it would be lighted like any other roadway. 

The sunken roa! and covered way which I propose, 
would be 7o feet in width, which, seeing that no shops 


or houses would open on to it, would be ample for all 


purposes. I may mention as an example that the 
width of the Tower-bridge is 60 feet. The side walls 
of the sunken road might be treated architecturally 
by panelling or otherwise, and be surmounted by 
ornamental stone balustrades, while both the walls 
and the covered way should be faced with glazed 
bricks. I am convinced that under proper archi- 
tectural guidance the whole work might be mude very 
handsome. 

It is beginning to be universally recognised that one 
of the greatest difficulties of the streets of London is 
the clashing of the streams of traffic at right angles to 
each other, and I venture to propose this scheme for 
Hyde-park-corner, not because it is one of the worst 
places of congestion from this cause (bad as it is in 
that respect), but because the present scheme is one 
which could be carried out without any interference 
with private property, except that, where the inclined 
road would join the Knightsbridge-road opposite 
Wilton-place two or three very insignificant shops 
might have to be taken. If it were desired, a con- 
nection could easily be given between the sunken 
road and the southern roadway of Hyde-park itself, 
which would still further relieve the congestion of 
traffic at Hyde-park-corner. 

I venture to express the opinion, that if the covered- 
way be carried out, there would be no necessity for 
any widening of Piccadilly by abstracting land from 
the Green-park east of Down-street ; at least until 


some means are found for a systematic widening of 
the whole thoroughfare eastward of the Green-park. 
At best, the proposed widening is only a partial 
remedy, and leaves untouched the main cause of the 
congestion of traffic at the west end of Piccadilly, 
which every one must admit arises from the opposing 
streams of traffic.” 


THE FISHING INDUSTRY OF EASTERN 
SIBERIA. 

The fishing industry holds a conspicuous place in 
the economy of the Amur country. The seas wash- 
ing its enormous stretch of coast, and the rivers 
emptying into the seas, are teeming with fish, and 
fishing constitutes one of the oldest industries of the 
natives. It often happens to be the only means of 
obtaining food. The Russian settlers are also com- 
pelled to take advantage of the industry, particularly 
in regions where, on account of a rigorous climate or 
‘poor soil, agriculture is impossible. The abundance 
of fish permits great development of the industry, 
even now, however, it is making progress, and brings 
an increasing income to the Imperial Government. 
According to an approximate estimate, about 66,600 
tons of fish are caught near the coasts of Sakalin 
Island, and about 14,400 tons along the coast of the 
mainland from the Korean boundary to the Island 
Langra. These figures represent the quantity of fish 
for export, going mostly to Japan. Fish cured in 
the Japanese manner represent a value of about 
£215,000. No estimates are obtainable of the 
quantity of fish caught in the Okhotsk Sea, off the 
coasts of Kamschatka, or in the Behring Sea. The 
most abundant fish is, according to the United States 
commercial agent at Vladivostock, a species of salmon, 
called aita, They enter the Amur River from the 
Okhotsk Sea, in large numbers, and may be found as 
far as 1,330 miles up the river. They enter the river 
twice during the season, making their first appearance 
near the middle of July, and the passage of these fish 
continues for nearly a whole month. Two weeks 
later, the entry of the autumnal fish begins, also con- 
tinuing three or four weeks. Another species of 
salmon is of importance in the households of the 
natives. It is dried for food for dogs. This fish 
makes its appearance after the middle of June, and 
the ordinary welght reaches three pounds. Other 
fish of a commercial value are two species of sturgeon. 
There are also three kinds of carp, but these are as 
yet obtained only in small quantities. In the lower 
parts of the river, fish are caught in traps built of 
stakes. An energetic native, by this means secures 
during the season, about 20,000 fish. Higher up the 
river, the fishing is carried on by means of nets. The 
Japanese with their sea nets, can catch six or seven 
times as many as the natives with their traps. The 
Japanese have made their appearance in the lower 
part of the river only lately. At first, they limited 
their business to buying fish from the natives, but 
afterwards found it more profitable to catch them. 
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Their fishing industry has been developing rapidly ; 
already in 1897 they were masters of all the fishing 
sections that nominally belonged to Russian owners, 
and through their enterprise the native and Russian 
industry was threatened. Consequently, the Governor- 
General published an ordinance on June 3rd (15th), 
1899, by virtue of which fishing by foreigners in these 
waters was forbidden, and the Russians were even 
prohibited from employing foreign labourers. The 
entire catch of fish in the Nikolaefsk section of the 
Amur River (from the village Marijinsk down the 
river to the estuary itself) was estimated in 1898 to 
have been about 11,340 tons, of which 7,220 tons 
were sold, realising about £62,000. The revenue 
accruing to the Government was £1,370. The fishing 
industry on the sea coast of the Japan Sea, from the 
Korean boundary up to the Gulf of America, is partly 
in the hands of the local settlers, but mostly in those 
of Koreans and Chinese, who dispose of their fish in 
Vladivostock, Possiet, Novokiefsk, and Slavianka. The 


surplus only is exported to Japan. The total yearly ` 


catch is estimated at about 720 tons. Of this 
quantity the fishermen sell about 520 tons, valued 
at about £4,600. Last year the Government revenue 
collected in this section was £200. Thus the com- 
merce in fish in this section is of little consequence, 
but the industry is of importance in satisfying the 
needs of the local inhabitants, as well as of the town 
of Vladivostock. The herring, the anchovy, the 
tomcod, and the flounder are the principal species 
caught here, but salmon are scarce. The latter 
becomes plentiful in the more northern waters. The 
fishing section along the coast from the Gulf of 
America as far as the Gulf of De Castry is thinly 
inhabited ; the coast is not easily accessible, and, in 
consequence, the industry has been taken up by out- 
siders. These are mostly Japanese capitalists, who 
bring labourers with them in the spring, land them 
with all necessary supplies, and come again in their 
schooners in the fall to remove the produce to Japan. 
The most abundant fish are the salmon (aita and 
gorbuscha) and herring. The latter is used for 
manure. The catch averages about 2,400 tons, 
valued at £10,800. Last year the Government 
collected a revenue of £5,300. The fishing industry 
of the island of Sakalin has now reached an im- 
portant degree of development. Three-fourths of it 
are controlled by Japanese. Of fish manure (prepared 
from herrings), the Japanese exported last year 
10,800 tons, requiring about 64,800 tons of herrings. 
About 216 pounds of fresh herrings make about 36 
pounds of manure. Sakalin yielded, in 1898, 9,450 
tons of salt fish. The fishing industry in the Okhotsk 
and Behring Seas is still in its infancy. They catch there 
a very valuable species of salmon. The king salmon, 
the red salmon, the kaita, gorbuscha, keashuch, and 
herring, and codfish besides. At present, only the 
Russian Sealskin Company is carrying on fishing on 
a commercial basis in these waters. The gathering of 
seaweed on the coasts of Siberia, appears to be an in- 
dustry next in importance to fishing, The seaweed is 


obtained from the southern coasts of the maritime 
province, and from the south-westem coast of Sakalin 
Island. Chinese are almost exclusively employed in 
this business. The only outfit required is a flat- 
bottomed boat, a hook, and a scythe. The weight of 
the prepared product of last year’s catch was about 
9,360 tons, valued at £59,000. Nine-tenths of it 
were obtained on the mainland. The royalty pald to 
the Government was £3,150. The sealskin industry 
is of some importance, Sealskins are obtained on 
three islands of Siberia—on Bering and Copper 
Islands (the Commodore group) to the east of 
Kamchatka, and on Robben Island, a few miles 
south, off Cape Patience, on the eastern coast of 
Sakalin Island. On the beaches of these islands, 
the fur seals have their rookeries, where they 
stay auring the summer, spending the winter 
near the coasts of Japan. The exclusive right 
of slaughtering fur seals on the Commodore Islands 
and on the Pribilof Islands (St. Paul and St. George) 
was granted by the Russian Government to the 
Russian American Company in 1799. In the begin- 
ning of the present century, the demand for fur-seal 
skins was small, and their price was low. Then they 
used to kill the so-called grey seals (pups four months 
old of both sexes). In 1817, they killed on the 
Pribilof Islands alone 60,000 seals, but in 1837 only 
7,000, and 4,000 on the Commodore Islands, In the 
thirties, the modern method of dressing and dyeing 
the seal skins was introduced in London, and this 
became the centre of the fur-seal trade. The 
number of fur-seals taken on the islands is de- 
creasing from year to year. From 30,689 taken 
in the beginning of the lease, it fell to 
&,719 in 1898. The revenue of the Government also 
correspondingly diminished. The decrease in fur- 
seals on the islands is principally ascribed to the 
indiscriminate slaughter of both males and females by 
sealing schooners in the open sea. It may soon lead 
to the extermination of this species. The schooners, 
moreover, tried to rob the rookeries on the islands, 
and since 1884 the Russian Government has kept a 
military watch on Robben Island dunng the summer 
and autumn months. The seas contiguous to the 
eastern coast of Siberia abound in whales of different 
kinds. Long ago their number attracted American 
whalers into these seas. A whole fleet of schooners 
(about 200) used to sail about the Okhotsk and Behring 
Seas during the summer. According to the testi- 
mony of the shipowners they obtained during a period 
of fourteen years (from 1847 to 1861) oil and whale- 
bone to the value of £26,000. The catching of 
whales on such a large scale partly reduced their 
numbers and partly dispersed them. Among other 
mammalia the waters of Eastern Siberia are inhabited 
by hair seals, sea lions, and the white grampus. Their 
oil, flesh and hides are of considerable use in the 
households of the natives. The walrus is also to be 
met with in the Behring Sea. No accurate informa- 
tion is to be obtained as to the number of these 
animals captured during the past year, 
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THE PRODUCTION OF OZOKERITE, OR 
MINERAL WAX, IN AUSTRIA, 


Ozokerite, or mineral wax, is a resinous substance, 
in many respects resembling beeswax. It is found 
in Austria-Hungary, Russia, Roumania, Egypt, 
Algeria, Canada, and Mexico, usually in conjunction 
with rock salt and coal, but so far it has not been 
found in sufficient quantities to pay for the mining, 
except in the district of Boryslav, in the Austrian 
province of Galicia, and to a limited extent at 
Tchelekan, an island on the west coast of the Cas- 
pian Sea. The existence of mineral wax in the 
petroleum district of Boryslay was known about a 
century ago, but for more than fifty years it was 
turned to no account. In 1854, a merchant of Lem- 
berg opened a mine, with a view to utilising ozokerite 
for illuminating purposes. He also invented a lamp 
adapted to the employment of the combustible, and 
had it patented. The successful working of his 
mine attracted the attention of a large number of 
speculators, who proceeded to buy from the poor 
peasants small tracts of land known to contain de- 
posits of the coveted material, and to sink shafts 
u,on their holdings, until in 1865 there were around 
Boryslav, on an area of about 63 square miles, no 
less than 11,000 ozokerite pits, varying in depth 
from 25 to 170 feet. According to the United States 
Consul at Trieste, want of working surface and bad 
management in time compelled by far the larger 
number of mine owners to discontinue operations, 
and those who had not been weeded out now seem 
to be doing a moderately lucrative business. An 
attempt has recently been made to form an ozokerite 
trust, uniting under one ownership or management 
all the existing mines and mineral leases of land 
known or supposed to contain deposits of fossil wax. 
In the mining of ozokerite, operations are com- 
menced by sinking a shaft and connecting it by 
galleries with the beds or “nests” containing the 
wax. Sometimes it happens, when a nest is being 
opened, that the enormous pressure of the gases shut 
up in it causes the soft mass of wax to be forced out 
with great vehemence. Such occurrences greatly 
imperil the lives of the miners, who have to resort to 
some higher part of the shaft for safety. In some 
cases the pressure is so powerful that even the 
deepest shafts are filled with wax up to the 
surface. An official investigation made in 1898, 
showed tbat during the previous year the ozokerite 
beds of Galicia covered an area ot 1,142,898 square 
yards, and that there were 42 different mining 
concerns, employing 5,413 operatives, The output 
in that year was 17,069,000 Ibs. Mineral wax is 
never found in a pure state, and such of the crude 
material as is intended for export is usually freed from 
foreign matter (earth, small stones, &c.) near the 
mines. It is for this purpose put in tanks, which are 
heated either by a direct fire, or by steam. In the 
former case, the furnace must be so arranged that the 


flames strike the sides as well as the bottom of the 
tank, for otherwise the wax would overheat, and this 
would cause partial distillation to take place. At all 
the larger works, steam is now used for this purpose. 
In the beginning, the steam must have the degree of 
heat necessary to melt the wax. Subsequently only 
sufficient heat need be maintained to keep the mass in 
a liquid state. This is continued until all earthy and 
other foreign matter has settled to the bottom. The 
wax is then poured out into congealing vessels 
having the form of a truncated cone. These vessels 
are whitewashed on the inside to prevent the 
adhesion of the congealed blocks of wax. The 
blocks obtained are generally from 15 to 25 
inches high, having a diameter of from 30 to 
36 inches, and weigh from 650 to 830 pounds. 
The melting point of ozokerite is from 136° up to 
212° Fabr. The average melting point of the better 
qualities is from 140° to 158°. By far the larger 
portion of the raw ozokerite consumed in Austria is 
manufactured into ceresin. There are in that country 
about twenty refineries, and it is doubtful if the pro- 
cesses employed by any two of them are identical. 
In most of the refining works the wax is mixed with 
from 6 to 10 per cent. of sulphuric acid, heated and 
filtered through bone, charcoal, or spodium; this 
gives it a light yellow colour. It is then again 
treated with sulphuric acid, and finally with caustic 
soda, until every particle of the acid is eliminated. 
Fairly successful experiments have also been made to 
avoid the use of sulphuric acid and substitute benzole, 
in which case the dissolvent must be eliminated by 
distillation. In the filtering process referred to, coal 
of the size of small grain is placed between two 
sieves, which are inserted in each filter. A number 
of filters are placed together in a frame and sufficiently 
heated by direct steam to keep the wax in a liquid 
state. After the mass has been sufficiently heated, 
it is turned out into funnels provided with paper 
filters, and having also a contrivance for being heated 
during the filtering process. A considerable quantity 
of ozokerite is also consumed in Austria in the manu- 
facture of shoemaker’s wax and paraffin. This industry, 
however, appears to be entirely confined to Vienna. 
Consul Hossfield says that it is almost impossible to 
enumerate the many and constantly-increasing uses of 
ceresin. It is mixed with beeswax in the manu- 
facture of wax candles, for it not only increases the 
fusibility of the beeswax, but also renders the candles 
much whiter. It is also employed in the manufacture 
of phonographic cylinders, in modelling, in galvano- 
plastic printing, and in other ways. The residues are 
worked up in the manufacture of telegraphic cable 
wax, shoe polish, and the like. In the year 1899— 
this being the latest year for which the figures 
are available—there were exported from Austria 
11,791,000 lbs. of crude ozokerite, valued at £174,500, 
of which over 8,000,000 Ibs. went to Germany. The 
remainder was sent to France, Great Britain, and 
other countries. Of refined ozokerite, 2 466,000 were 
exported, valued at £47,800. 
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Notices. 
on 
EXAMINATIONS, 1902. 


The Programme for 1902 is now ready, and 
can be had, price 3d., Post Free, on appli- 
cation to the Secretary, Society of Arts, 
Adelphi, London, W.C. The Examinations 
for Grade I. and Grade II. will be on similar 
lines to those of the present year, no important 
changes having been made. The proposal to 
add a third, or Advanced Grade, will not be 
carried into effect at the next Examinations. 

The Examinations will commence on Mon- 
day, 14th April, and will be concluded on 
Thursday, 17th April. 

The last day for receiving applications is 
Wednesday, the 19th March, 1902. 

The Practical Examination in Vocal and 
Instrumental Music will commence on the 
30th of June. The last day for receiving 
applications is Monday, June 2nd. 

The questions for 1901 are included in the 
Programme. Those for the years 1896 to 1900 
inclusive can also be obtained (price 3d. each 
year) on application as above. 


Proceedings of the Society. 


a 
CANTOR LECTURES. 


THE BEARINGS OF GEOMETRY ON THE 
CHEMISTRY OF FERMENTATION. 


By W. J. Pore. 


Lecture 1V.—Delivered March 4, 1901. 


The full elucidation of the nature of the 
hexoses is possessed of the greater importance 
in that these sugars, the monosaccharides, are 
in many cases products of simple decomposi- 
tion of the di-, tri-, and poly-saccharides 
which, as natural products, are even more 
widely distributed than the mono-saccha- 
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rides themselves. The work which Emil 
Fischer and his pupils have done during the 
last fifteen years in determining the configura- 
tions of the pentoses and hexoses is thus a 
necessary preliminary to the determination of 
the minute molecular anatomy of such sub- 
stances as cane-sugar, cellulose, and starch. 
Fischer has further supplemented his work on 
configuration by successful attempts to synthe- 
sise practically all the hexoses from simple 
organic substances, that is to say, he has pre- 
pared most of the hexoses artificially from the 
elements, carbon, hydrogen, and oxygen. The 
methods by which these syntheses have been 
effected, may be illustrated by an example. 
Fischer and Tafel (Berichte, 1887, 20, 1087; 
1890, 23, 2124) showed that mild oxidising 
agents act upon glycerol, a simple trihydric 
alcohol having the following structure— 


CH: ° OH H:-C:0O CH: ° OH 

| | 

CH -OH CH : OH C:0O 

du, . OH tn: . OH du, °. OH 

Glycerol. Glyceric Dihydroxy- 
aldehyde. acetone. 


converting it into so-called glycerose, a mix- 
ture of glyceric aldehyde and dihydroxyacetone. 
The components of this mixture then readily 
undergo the well-known ‘‘aldol’’ condensa- 
tion under the influence of feeble alkalis, with 
production of a ketohexose; the net effect of 
the action of the alkali is to cause the direct 
condensation or joining together of a molecule 
of each component, the aldehydic oxygen 
atom of the glyceric aldehyde being converted 
into a hydroxyl group by the transference of an 
atom of hydrogen from an end carbon atom in 
the molecule of dihydroxyacetone. The con- 
densation occurs in accordance with the 
following scheme :— 


OH OH O OHO OH 
nddl 4nd ae 
Hou A wf 
OH OH OHOH O OH 
n_c_¢_d_d_¢ tn 


The ketohexose thus obtained was termed 
a-acrose, and was found to possess all the 
ordinary chemical properties of d-fructose, the 
sugar present in large quantities in honey, and 
known as fruit sugar or levulose. Being a 
synthetic product, it is of course optically 
inactive, but on inoculating its aqueous solu- 
tion with an ordinary beer yeast, it readily 
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undergoes fermentation, and the solution is 
found, on subsequent examination, to contain 
l-fructose. This sugar is unknown in nature, 
and is the substance having a configuration 
the mirror-image of that of that of ordinary 
d-fructose. It is therefore obvious that a-acrose 
is an externally compensated substance, con- 
sisting of equal quantities of d- and 1-fructose, 
and that the fermentative action of the beer 
yeast constitutes an application of Pasteur’s 
third method of preparing optically active 
compounds, in that the yeast devours the 
dextro-component and leaves the previously 
unknown lzvo-fructose intact. 

a-Acrose forms the raw material for the 
preparation of a whole series of optically in- 
active hexoses and hexitols, and from these, 
by the application of the three kinds of 
Pasteur methods, the optically active com- 
ponents, identical with, or enantiomorphously 
related to, the naturally occurring sugar-like 
substances, have been isolated. 

From the results described above, it will be 
evident that we are now in possession of a highly 
complete knowledge of the chemical structures 
and configurations of the large class of mono- 
saccharides ; the chemical changes which they 
undergo and the action of ordinary reagents 
upon them are so well understood, as to make 
it clear that the general chemistry of the sugars 
requires the introduction of no new principle 
the application of which is unnecessary in other 
branches of chemistry. When, however, wè 
come to examine the changes which accom- 
pany so-called fermentative processes, we do 
not find the same clear apprehension of the 
mechanism of the various operations which 
take place. 

It has been known from very early days that 
sugary liquids undergo a profound change 
when preserved after infection with a small 
quantity of the so-called yeast plant; the 
yeast increases in quantity, and simultaneously 
the sugar becomes converted into alcohol with 
evolution of gaseous carbon dioxide. The 
study of these changes gave rise, in the first 
place, to the view that this and other fermen- 
tative processes are inalienably connected with 
the vital processes of a living organism, 
namely, the yeast; in accordance with this 
view, the production of alcohol and carbon 
dioxide are merely necessary accompaniments 
of the growth of the yeast. This, the vitalistic 
theory of fermentation, received its first check 
from the discovery by Berthelot that an aque- 
ous extract of yeast, which contains no yeast 
cells and is thus free from organised or living 


matter, is able to induce a profound alteration 
in cane-sugar; the disaccharide is, in fact, 
hydrolysed by such an extract with formation 
of an equimolecular mixture of d-glucose and 
d-fructose just as it is by 4 dilute mineral acid. 
Since, during this process, the dextro-rotatory 
cane-sugar solution becomes lxvo-rotatory 
owing to the formation of the dextro-rotatory 
d-glucose and of the more highly optically 
active but lavo-rotatory d-fructose (see p. 683), 
the hydrolysis of cane-sugar is termed its ‘‘ in- 
version.” From the date of the discovery that 
an aqueous extract of yeast inverts cane-sugar 
the view began to gain ground that two classes 
of ferments must be distinguished; the one 
class includes the organised or living fer- 
ments, whilst the other consists of the un- 
organised or soluble ferments. The unorganised 
or soluble ferments are usually known as en- 
zymes. | 

It seems desirable, at the present stage, to 
attempt a definition of fermentation which shall 
include all those generically related kinds of 
cases which may, in accordance with the more 
modern views, be grouped together under the 
heading of fermentative actions ; the definition 
which may be put forward as perhaps possessed 
of fewer faults than many of those Which 
are current, is as follows :—Fermentation is an 
interconversion of unorganised chemical sub- 
stances effected by protoplasm or by a proto- 
plasmic secretion. 

The protoplasm which is here mentioned, is 
to be regarded as the simplest material which 
can be described as endowed with life; the 
material after death is no longer protoplasm, 
because it no longer exhibits the phenomena 
characteristic of life. The dead material is 
found on chemical examination to consist, 1n 
the main, of water and albumin together with 
small quantities of various other substances. 
It would seem at present most convenient to 
assume that the smallest protoplasmic masses 
consist of spongy cells enclosed in a cell wall, 
the meshes being protoplasm itself, whilst the 
interstices are filled with dead material of 
similar composition. 

The definition given may possibly be -con- 
sidered as unnecessarily narrow, in that it does 
not include as fermentative actions those pro- 
cesses, undoubtedly in many cases very like 
fermentative actions in character, which are 
involved in the elaboration of the protoplasm 
itself; it does, however, include as fermenta- 
tive processes those in which protoplasm itself 
possibly operates upon unorganised material, 
transforming it, without the intermediary of 
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enzymic agencies, into a different kind of un- 
organised material. The number of cases in 
which this possibly occurs is becoming con- 
stantly smaller as the investigation of the fer- 
mentative action of organisms becomes more 
and more minute; the view put forward by 
Moritz Traube in 1858, that fermentation is 
not caused by the organism itself, but is due 
to the action of an enzyme secreted by the 
organism, is continually gaining in appli- 
cability. 

The known enzymes may be conveniently 
classified according to the type of substances 
which they are capable of hydrolysing ; those 
which effect the hydrolytic decomposition of 
polysaccharides into monosaccharides may be 
first mentioned. Diastase, the enzyme which 
has thé power of disintegrating starch, is a 
very widely distributed product of cell life ; it 
is conyeniently prepared by extracting air-dried 
malt with dilute alcohol, and precipitating the 
extract by addition of a large volume of 
absolute alcohol; the diastase is thus thrown 
cut of solution as a yellowish-white powder 
which may be dried in a vacuum over sulphuric 
acid. It is soluble in water, and on adding a 
small quantity of its solution to thin starch 
paste in the cold, the opalescent starch solu- 
tion rapidly becomes clear and limpid, and 
after a short interval no trace of unaltered 
starch can be detected in the liquid. The 
change effected in the starch is somewhat com- 
plex, and whole series of intermediate products 
are apparently formed; although the experi- 
mental evidence is very conflicting, the final 
product of the hydrolytic action of the enzyme 
appears to consist of about 80 per cent. of 
maltose and some 20 per cent.’ of a so-called 
“ dextrin,” having the composition C,3H Oho, 
and the further diastatic alteration of which 
would seem difficult if not impossible. 

Another enzyme, somewhat similar in its 
type of action to diastase, has been obtained 
from a variety of sources, and is termed inulase. 
Inulase has the power of causing the hydrolysis 
of the starch, inulin, which occurs as a reserve 
material in many plants; on adding a small 
quantity of this enzyme to a solution of inulin, 
rapid hydrolysis of the latter is effected with 
production of d-fructose. The final product of 
the hydrolytic action of inulase is d-fructose, 
and no substances corresponding to dextrins 
appear to be formed; inulase has no action 
upon ordinary starch solutions, nor has diastase 
any hydrolytic action upon inulin. 

The sugar hydrolysing enzymes are appa- 
rently more simple in their mode of action, 


because they act upon the di- and tri-saccha- 
rides, which are themselves substances of far 
more simple structure than the starches. The 
most important sugar hydrolysing enzymes are 
invertase, which hydrolyses cane-sugar with 
production of d-glucose and d-fructose just as 
dilute acids do, and glucase, which hydrolyses 
maltose with formation of glucose, again in the 
same way as do dilute acids. 

Invertase was isolated by Berthelot in 1870, 
by precipitating an aqueous extract of beer 
yeast by addition of absolute alcohol; the 
enzyme is thrown down as a white powder 
which is soluble in water, and on adding the 
aqueous solution thus obtained to a solution 
of cane-sugar, rapid hydrolysis of the di- 
saccharide is induced with formation of an 
equimolecular mixture of d-glucose and d- 
fructose. 

The enzyme glucase, which converts malt 
sugar or maltose into d-glucose, is very widely 
distributed ; it can be separated from the pan- 
creas and the smaller intestine of many 
animals, and is secreted by numerous lower 
organisms, such, for instance, as the two 
fungi, Aspergillus niger and Penicillium 
glaucum ; it has likewise been extracted from 
blood serum. 

It should be noted that the enzymes are 
soluble in water, and that, in general, they 
exercise their peculiar hydrolytic functions to 
the greatest advantage at particular tempera- 
tures; their hydrolytic activity is, as a rule, 
permanently destroyed if the temperature rises 
a very few degrees above this optimum point. 
The enzymes are, in addition, extremely 
sensitive to the presence of minute quantities 
of substances which are usually without in- 
hibitive effect upon the growth of lower 
organisms; the addition of small quantities 
of various inorganic salts, of acids, or of 
alkalis, sometimes greatly stimulates and 
sometimes altogether inhibits the enzymic 
activity. At the same time, addition of anti- 
septic substances which usually paralyse 
animal life, such for instance as chloroform 
or potassium arsenite, does not, as a rule, act 
deleteriously upon the enzyme. The action of 
the enzymes in causing the hydrolysis of the 
polysaccharides, is closely parallelled by the 
action of dilute acids; a small quantity of 
either an enzyme or an acid will effect the 
hydrolysis of an indefinitely large quantity of a 
polysaccharide without itself being increased 
or decreased in quantity or in activity. The 
greater the quantity of the enzyme or the acid 
which is added the more rapidly does the 
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hydrolysis proceed. The readiness with which 
enzymic action is checked or stimulated, indi- 
cates that the enzyme molecule, like the proto- 
plasmic cell, constitutes an extremely labile 
system, and both, under favourable conditions, 
become the centres of extraordinary chemical 
activity. 


The chemical activity of the enzyme, how- 


ever, expresses itself in some series of changes, 
of which the end result is that the material 
handled is profoundly changed, whilst the 
enzyme itself remains ultimately unaltered ; 
the protoplasmic cell, on the other hand, 
exhibits the phenomena of life during its 
activity, that is to say, it grows and repro- 
duces itself. 

The enzymes are the ferments produced by 
the cell, and, being either excreted from it or 
secreted in it, can be ultimately separated 
from the living matter and caused to.exercise 
their hydrolytic functions in a system contain- 
ing nothing but non-living material; it is 
perhaps, as. yet, premature to say that all 
fermentative effects are the result of enzymic 
activity or that all fermentative actions will 
ultimately be found to be dissociable from 
protoplasmic activity. Such a conclusion is, 
however, at least strongly suggested by the 
results of recent investigation of the case, 
which has always been regarded as the typical 
one of fermentative action due to protoplasmic 
activity, that, namely, of the alcoholic fermen- 
tation of the sugars. 

Buchner has shown during the last few years 
that on macerating either living or dead yeast 
with quartz sand, in order to disintegrate the 
cells, and then expressing the liquid part, 
filtering the solution so as to free it entirely 
from yeast cells, a liquid is obtained which 
contains no organised ferment, but which 
effects the alcoholic fermentation of sugar in 
the same way that the living yeast itself does. 
This fermentation is due to the activity of an 
enzyme, to which the name zymase has been 
given ; solutions containing zymase have been 
prepared from sources other than beer yeasts, 
and they effect the alcoholic fermentation of 
the same sugars as are attacked by the 
ordinary yeasts, namely, of cane - sugar, 
maltose, d-glucose, and d-fructose. Zymase 
solutions do not, however, set up the fermenta- 
tion of mannitol or lactose, substances which 
are not fermented by the ordinary beer yeasts. 
Zymase fermentations are also accompanied 
by the formation of secondary products, such 
as glycerol and succinic acid, which are in- 
variably produced during yeast fermentations, 


so that there is no evidence that zymase 
fermentations are of a simpler character than 
fermentations occurring in presence of the 
yeast itself. It is interesting to note that beer 
yeasts do not, at all periods during their life 
history, yield the enzyme in quantity; yeast 
drawn from a fermentation vat towards the 
close of the fermentation ordinarily yields no 
zymase on maceration, but if the yeast be 
withdrawn at a period when it is actively con- 
verting sugar into alcohol, the cell contents 
are found to contain large quantities of the 
enzyme. It should be noted that the yeast _ 
organism produces at least two enzymes, 
namely, invertase, which hydrolyses cane- 
sugar with formation of a mixture of two 
hexoses, and zymase, which converts those 
hexoses into alcohol and carbon dioxide, 
appreciably in accordance with the following 
equation :— 


CcocH1206 = 2 C2H,O + 2 COs 


Ethyl Carbon 
alcohol. dioxide. 


Hexose. 


The invertase is excreted from the yeast cell 
into the surrounding liquid, whilst the zymase 
is secreted within the cell, being apparently 
incapable of diffusing through the cell wall 
into the sugar solution. 

Each particular enzyme which has been 
described is capable of causing a disintegra- 
tion of a certain kind in molecules which it 
attacks, and each enzyme is active towards a 
very limited number of substances. It results 
from the work of Fischer that the fermentative 
action of the different organisms is very largely 
dependent upon the configuration of the various 
sugars submitted to the action of the fer- 
ment. Thus, the ordinary beer yeasts ferment 
d-glucose, d-fructose, and d-mannose with 
practically equal facility, but ferment d-galac- 
tose with appreciably greater difficulty ; certain 
yeasts, namely, Saccharomyces apiculatus and 
Saccharomyces productivus, will indeed not 
ferment d-galactose at all under the ordinary 
conditions. The beer yeasts further refuse to 
ferment d-talose under any conditions. 


COH CH,0H COH 

H-C-OH C:0 HO-C:H 

HO-C-H HO-C-H HO-C-H 
H:C-OH H.C-OH  H-C-OH 
H:C:OH H‘C:OH  H-C:0OH 
CH:0H CH:0H CH:OH 
d-Glucose, d-Fructose. d-Mannose. 
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isomeric sugars, shows that the three sugars CH: OH CH: > OH 


which are so easily fermented, namely, d-glu- 
cose, d-fructose, and d-mannose, have con- 
figurations which differ but very slightly 
amongst themselves; the configurations of the 
first three asymmetric carbon atoms, counting 
from the CH,OH group, are the same in each 
case, so that the three molecules have a large 
fraction, amounting to over two-thirds of the 
total mass, of the same common configuration. 
d-Galactose, which is mnch less easily ferment- 
able, differs very considerably in configuration 
from the preceding, and d-talose, which is an 
unfermentable sugar, differs still more in con- 
figuration from the first three. In this connec- 
tion it will be remembered that Fischer was able 
to isolate l-fructose by taking advantage of the 
fact that this sugar is unattacked by yeasts, 
whilst d-fructose, which accompanies it in the 
synthetic sugar, is of course readily fermentated. 
It is thus obvious that the yeasts, and the en- 
zymes which lendthem their activity, are enantio- 
morphous objects, and that Pasteur’s third 
method of isolating optically active substances, 
is simply an application of an enantiomorphous 
property, namely, the activity of an organism. 

Fischer has given a number of cases in which 
the influence of configuration upon enzymic 
activity is more clearly traceable than in the 
action of organisms themselves. Thus, d-glu- 
cose can be readily converted into a mixture 
of two stereoisomeric, though not enantio- 
morphously related, derivates termed gluco- 
sides. These are the a- and &-methyl-d-gluco- 
sides, and their structures and configurations 
may be thus represented— 


| 
H:C:OH 


bu -OH 
a-Methyl-d-glucoside, 


bn, -OH 
a-Methyl-l-glucoside, 


ß-Methyl-d-glucoside. B-Methyl-l-glucoside. 
These two d-glucosides are readily hydrolysed 
by certain enzymes with re-formation of the 
original d-glucose, but the enzyme which 
hydrolyses the one will not hydrolyse the other 
glucoside. Emulsin, an enzyme present in the 
bitter almond kernel, rapidly hydrolyses 
B-methy]-d-glucoside, but is without action on 
the isomeric a-compound. The aqueous extract 
of beer yeast, on the other hand, readily causes 
the hydrolysis of a-methyl-d-glucoside, but has 
no hydrolytic action on 8-methyl-d-glucoside. 
The methylglucosides enantiomorphously re- 
lated to these have also been prepared from 
l-glucose, and Fischer found that these are not 
hydrolysed by either emulsin or yeast extract. 

It is a noteworthy fact that all the mono-, 
di-, tri-, and poly-saccharides which have been 
found in nature are derived from mono- 
saccharides of the same configuration, that is 
to say, they are all referable to one optically 
active hexose, but not to the enantio- 
morphously related sugar; they are, for 
instance, all generically related to d-glucose, 
whilst 1-glucose and its derivatives are as yet 
not known amongst natural products. The 
principle involved in this seems capable 
of extension, for when naturally occurring 
optically active substances are considered, 
it is observed that, although the one 
optically active isomeride is very widely dis- 
tributed, the enantiomorphously related sub- 
stance, if it does occur naturally, is found in 
comparatively minute proportion; thus, d- 
tartaric acid is very plentiful, but small 
quantities of l-tartaric acid are sometimes 
asscciated with it as racemic acid. As, how- 
ever, natural products of increasing molecular 
complexity are examined, the one optically 
active modification disappears entirely, and 
only the one of two enantiomorphously related 
isomerides is found, the other having dis- 
appeared during the long series of enantio- 
morphous operations, each of which has, in 
nature, played a part in the elaboration of such 
highly complex. substances. We thus find 
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that all the derivatives of 1-glucose with which 
we are acquainted are laboratory products. 

The investigation of the polysaccharides and 
the doubtless still more complex series of albu- 
minous substances, in the light of the latter day 
geometrical hypotheses, which have had such 
fruitful results in connection with the more 
simple sugars, cannot fail to lead to conclu- 
sions of quite startling interest. Our synthetic 
methods are at present far too feeble to cope 
with the problems which present themselves in 
connection with such important food stuffs as 
the starches and albumins; and since sub- 
stances of so high a degree of molecular com- 
plexity as these only occur naturally in the one of 
two enantiomorphously related configurations, 
we have nopractical knowledge of the behaviour 
which the unknown configuration will exhibit 
towards the enzymes with which we are at 
present acquainted. Since, however, a great 
part of the digestive processes of which the 
animal organism is the seat are certainly 
enzymic in character, it is probably safe to 
assume that the nutritive power of the starch 
enantiomorphously related to ordinary potato 
starch would differ entirely from that of the 
latter itself. 

It may be mentioned that all the albumins 
with which we are acquainted are strongly 
lzvo-rotatory, and no dextro-rotatory member 
of this important class of food-stuffs has yet 
been found. We are able easily to assimi- 
late many of the different albumins, but if a 
human being enantiomorphously related to 
ourselves—the lzvo-man of whom we have 
spoken—made his appearance on our planet, 
he would in all probability quickly starve to 
death, owing to his inability to assimilate the 
foodstuffs we were able to place before him. 


Miscellaneous. 
Sey 


THE PRODUCTION OF NORMANDY 
CIDER. 


Cider is regarded in France as the most hygienic 
of all drinks, more so than the best of wines, and 
nearly all of the cider made in that country is for 
home consumption, tke exports being practically zt. 
Much has been written about the increase of alco- 
holism in France, but it has not been shown that the 
consumption of cider is in any way the cause of it. 
It may rather be attributed to the use of a strong 
brandy extracted from the cider and known as “ Cal- 
vados,” as well as tọ the consumption, especially in 


the towns, of inferior spirits, such as vermoutb, 
absinthe, and bitters. The local authorities at Havre, 
with a view of promoting temperance, have recently 
increased the octroi duties on spirits, and abolished 
those on cider; and cider is sold at the temperance 
stalls established on the quays, in order to counteract 
the consumption of spirits. The total production of 
cider in the 68 departments of France in which apples 
are grown for the purpose, amounted in 1900 to 
647,000,000 gallons. It exceeded by 188,000,000 
gallons the production of 1899, and by 307,003,000 
gallons the average production during the last ten 
years. These figures have only once been exceeded 
during the past 70 years. Of this total, more than 
one-third was produced in Normandy, and it may 
therefore be useful to give a brief description of the 
cider industry in France, with especial reference to 
the methods pursued in the department of Calvados, 
a district in which the apple crop is a matter of interest 
to every householder, and where the consumption of 
cider is practically universal. It may thus be possible to 
draw some conclusions which may serve the interests 
of British agriculture. Consul-General Hertslet says 
that in the selection of apple trees it is necessary to 
remember that the quality of the cider depends first 
on the presence, and secondly, on the proper propor- 
tion of the following elements in the price of the 
apple from which the cider is made. Sugar is the 
most important element of all, since it is transformed 
by fermentation into the alcohol which gives to the 
cider its strength as well as its preservative property. 
The richness in sugar is subject to great fluctuations. 
In some kinds of apples it does not exceed 8 per 
cent., but in the best varieties it attains to 17 per 
cent. Tannin is the next element of importance of 
secondary consideration only to the sugar. It is the 
clarifying and antiseptic principle of the cider. It 
acts as a preservative and serves to modify the alcohol. 
In order to attain these results, the juice ought to 
contain a proportion of from 5 to 6 per 1,000; but, 
unfortunately, most apples contain but little tannin. 
In Calvados the average is about 24 per 1,000, but 
there are nevertheless a great number of kinds which 
yield a proportion of from 4 to 6 per 1,000. Certain 
sweet apples do not contain a proportion of more than 
2 per 1,000, and in orchards where the sweet varieties 
predominate, the trees should be grafted with others 
which are richer in tannin. Pectic and albuminoid 
substances do not have the same importance as sugar 
or tannin. When their proportion does not 
exceed from 10 to 12 per 1,000, they have a useful 
action in giving a certain softness to the cider, and may 
perhaps contribute to its preservation, but when the 
proportion exceeds that quantity they have an in- 
jurious effect, and cause the formation of abundant 
lees. There is considerable difference of opinion 
among experts in regard to the action of these sub- 
stances. Acidity is due for the most part to the 
presence of malic acid. Its action is complex and ill- 
defined, but it is necessary as an element in the fer- 
mentation. The juice of very sweet fruits ferment 
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badly, while sour apples give a very active fermen- 
tation. The average proportion of malic acid in 
Calvados apples is a little more than 2 per 1,000. It 
rarely amounts to as much as 3 or 4 per 1,000. Itisa 
good mule, and one very generally adopted in Nor- 
mandy, to mix several varieties of apples, so that in 
the juice from which the cider is made the merits of 
one may compensate for, or attenuate the defects of 
the other. There are numerous kinds of apple trees 
suitable for making cider; and as the fruits ripen at 
different seasons, they are divided into three classes: 
—(t.) Those of which the fruit ripens in August, and 
not later than the middle of September. (2.) Those 
of which the fruit, while attaining maturity in October, 
completes in the barn its final stage of ripeness towards 
the middle of November. This is perhaps the most 
valuable group. (3.) Those of which the fruit, re- 
moved from the tree in November, before maturity and 
before the frosts, only attains ripeness in the barn after 
remaining there for a period varying from the month of 
December to the month of February. Much depends 
on the soil and cultivation, and in many cases it is 
worth while to cultivate apples for the purpose of 
making cider. Generally speaking, the most suitable 
soil is a calcareous one, in which there is some sand 
and clay. In Calvados, the trees are generally 
planted in orchards, which are used as grazing land, 
in rows varying in distance from 15 to 25 feet apart 
on all sides. In some districts, especially in the de- 
partment of the Ame, they are planted round corn- 
fields in such a manner as not to disturb the plough. 
The apples are gathered as soon as they begin to fall. 
The fruit when gathered ought to be placed under 
cover ina well-aired shed, in piles 12 or 15 inches 
high, so as to prevent it from becoming heated, and 
at the same time to protect it from the effects of frost. 
The apples must be perfectly matured before being 
crushed, but they must not be over ripe, and all 
rotten apples must be carefully excluded. Apples 
put into the crushing mill shortly after being gathered, 
produce a cider of inferior taste, strength, and keeping 
qualities. The next step is to thoroughly crush the 
fruit, and for this purpose a hand mill is generally used 
in Calvados. The crushing terminated, the pulp is 
collected into uncovered vats or tubs, and exposed to 
the air for about 15 hours. It is stirred occasionally 
with wooden shovels, so as to bring the mass 
into contact with the air. In Calvados, it is 
frequently the practice to place the pulp in 
the press immediately after it has been crushed 
in the mill, but this is not recommended. A 
portable mill and hand press costs from £5 to £10, 
according to size; a fixed mill and horse press, such 
as is used in the large farms, costs from £60 to £100. 
The pulp is now ready to be put into the press. This 
consists of a circular cage with a bottom, on which 
the pulp is placed, and then pressed by means of a 
screw, at first slowly, then more rapidly, until the 
operation is completed. The juice which pours out 
at the first pressing will make the real cider, which 
is frequently bottled, and will fetch a high price, 


perhaps 10d. or more the bottle. Cider of this kind 
and quality is an article of commerce, and is not used 
locally for every-day consumption. When the pulp 
has been thus drained, it is taken out of the press 
and again placed in the vats or tubs, where it is 
macerated with a certain quantity of water, generally 
4} gallons to 22 gallons of pulp, for 15 hours or more, 
after which it is subjected to a second pressing. The 
result is a juice which will form the cider which is 
used locally throughout Normandy as a general drink. 
This cider is placed on the tables of the hotels at 
meals in the same manner as ordinary wine is so placed 
in central and southern France. It is of course of less 
strength than the first running from the press. The 
pulp is sometimes subjected to a third pressing, after 
being macerated with 2} gallons of water to each 
22 gallons of pulp, and with the addition of fruit 
which has fallen by reason of gales, or of the attacks 
of insects. The third pressing is only resorted to in 
bad seasons. The compressed juice of the apple, 
known as must, having been placed in tubs or vats, 
the next step is to obtain proper fermentation, the 
most delicate and troublesome process in the produc- 
tion of cider. The vaults in which the cider is fer- 
mented should have a constant temperature of 59° 
Fahr., neither above nor below. In some cases 
the must is fermented in barrels or casks, but this 
does not give so good a fermentation as the use of 
tubs, inasmuch as oxygen is an essential element in 
the fermentation, and the liquid when in vats obtains 
more air. If a difficulty in fermentation should be 
apparent, a small quantity of warm perry, old cider, 
sugar, or alcohol may be added, but this is not recom- 
mended unless it is absolutely necessary to take some 
measure in order to ensure fermentation. Fermen- 
tation is completed as soon as the tub or barrel, when 
sounded, ceases to give an indication of the slighest 
ebullition. It has been known to take place in three 
days, but it sometimes requires five weeks as a maxi- 
mum limit. The liquid has now become clear, the 
grosser lees having settled to the bottom, and the 
lighter ones risen to the surface. These two layers 
of lees above and below the cider are most harmful 
to its preservation, and it is necessary to draw off 
the cider in such a manner as to prevent the upper 
layer from penetrating through the cider to the lower 
one. The cider is drawn off into a cask, which has 
been thoroughly cleansed and smoked with sulphur. 
After the first drawing off the cider undergoes after a 
considerable period, sometimes extending to many 
weeks, a second fermentation which gives no sound, 
and is much less energetic than the first. This 
fermentation manifests itself by the release of carbonic 
acid. Since the casks cannot remain hermetically 
closed, each one is furnished with a spigot or vent 
peg, which allows the gas to escape, and prevents the 
penetration of the outer air. The spigots are main- 
tained in position for several days. The second fet- 
mentation causes a muddy deposit at the bottom of 
the cask, and a second drawing off is therefore 


necessary. This has for its object the separation of 
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the cider from its deposit, and the cider should not 
therefore be drained down to the lees. If this were 
done, there would be a risk of drawing off turbid 
cider, and the whole operation would be fruitless. It 
occasionally happens that in spite of the two drawings 
off the cider still contains some impurities. These 
can only be got rid of by a clarifying agent, of 
which the best is catechu, used in the propor- 
tion of 2 Ibs. dissolved in two gallons of water 
to 352 gallons of cider. Cider of the first 
pressing, is, already stated, frequently bottled, as in 
fact it ought to be; but when used as an every-day 
local drink, it is invariably preserved in hogsheads or 
casks. Manufacturers make use of large hogsheads, 
each containing about 4,000 gallons. The tendency 
to acidity may be remedied by private consumers, if 
the cider, after fermentation, is run into old wine 
casks, especially those which have contained olive oil, 
Spanish wine, or Marsala. Ordinary casks which 
have contained French red or white wine are of no 
value for this purpose. 


SWEDISH IRON, STEEL, METAL, AND 
COAL INDUSTRIES, 


The following particulars are taken from the report 
for 1900 on the Swedish iron, steel, metal, and coal 
industries, in the Engineer. The number of iron 
mines working was 341, situated in ten län or 
counties, whence 2,607,925 tons of ore were raised, 
as against 321 mines and 2,434,606 tons of ore in 
1899. The increase in output was, therefore, 173,319 
tons, or 7°! per cent. The output last year is the 
largest on record. 

Of the total output, 2,337,177 tons, or 89°6 per cent., 
was magnetic or ‘‘ black” ore, and 270,748 tons, or 
10°4 per cent. ‘‘bloodstone.” The output of the 
latter kind of ore has varied between 12-6 per cent. 
and 10°4 per cent. in the last five years. The total 
value of the iron ore produced last year in Sweden is 
estimated at 14,953,000kr., as against 13,435,000 kr. 
in 1899, being respectively an average value of 5-73 kr. 
a ton and 5°52 kr. a ton, an advance of 3'8 per cent. 
The values of ore ranged from 10°85kr. a ton in 
Vermlands lan to 3:19kr. at the Gellivara mines. 
The number of ore separators in use last year was 23, 
treating 166,000 tons, as against 125,000 tons in 1899. 
The number of miners at work was 9,840, making 
265 tons of ore per man, as against 9,063 men and 
268:6 tons in 1899. In 1896 the figures were respec- 
tively 8,439 men and 241°5 tons. 

In addition to the magnetic ore raised, there was 
also obtained 1,575 tons of lake and bog ores, valued 
at 9,000 kr. The recovery of these kinds of ores 
varies according to the winters, being highest—2,700 
tons—in 1895. Adding this quantity, the total pro- 
duction of all kinds of ore in Sweden last year was 
2,609,500 tons, as against 2,435,200 tons in the pre- 


ceding year. 


Coming to the Swedish pig iron industry last year 
we learn that 113 furnaces were in operation, whilst 
26 were idle. The total shifts of blasting were 
38,148, the production being 526,868 tons, valued at 
48,000,000 kr., of which 8,081 tons were castings 
direct from the furnaces. In 1899 the figures were 
respectively 141 furnaces, 37,051 shifts, and 497,727 
tons. There is therefore an increase of 29,141 tons, 
or 5'9 per cent. 

The average output per furnace was 3,903 tons, the 
average time of blasting 283 shifts of twenty-four 
hours, and the average output per shift 13°81 tons. 
The following table is of interest technically, by show- 
ing the development of the average output per furnace 
during the past five years :— 


Tons 
per shift. 


13°3 
13°7 
13°35 
13°43 
13°81 


Tons. Per shift. 
jaieiesiue 081592: Sean. 27) woke 
Habeas 85737 weee2o0 ates 
eCaes@es 3,719 a ste- 279 esa 
sisebecee: S530 asra (203 
sesoseoo 33903 ceco 283 esee 


1896 
1897 
1898 
1899 
1900 


The highest average output was shown by Vester- 
norrland län, viz., 4,795 tons per furnace, and the 
lowest, 404 tons, by Jönköping län. 

In Kopparberg län is situated the great Domnarvet 
Iron and Steel Works, where the average output per 
twenty-four hours was 36°57 tons, which is the highest 
at any works in the country. The production last year 
of the various kinds of pig iron was as follows :— 

Tons. 
vececiese 248,423 
wa viene 250,527 


Forged and puddle ..... 
Bessemer and Martin ... 


Spiegel eeeerseeeces Ce vere cenese ee 1,923 
Ingot pig for reduction .,....e0e8 10,043 
Ingot pig for other purposes ...... 7,871 


_— 


Total sconce vece 518,787 


From the returns on the manufacture of malleable 
iron and steel it appears that 115 works were in 
operation for this purpose, against 122 in 1899, being 
situated in 18 lin, Orebro coming first with 19, Vest- 
manljand next with 14, and Kopparberg and Gefle- 
borg with 14 each. The number of Lancashire 
hearths in operation was 281 in 14 lan, that of Franche 
Comté 14, of Walloon 26, and scrap hearths 16. In 
all, 337 hearths were in operation in this industry, the 
number of puddling furnaces being 4, as in the year 
before. In the manufacture of ingot metal 82 fur- 
naces were in blast in 13 lan, 25 being Bessemer, 
49 Martin, and 7 crucible furnaces, whilst 6 returned 
blister steel. One electric smelting furnace was on 
trial at the Gysinge Ironworks. The production of 
unwelded iron and steel and its value last year was as 
follows :— 

Tons. Kr. 
Uwnwelded blooms and raw ` 

DAMS ceccvccvesvecesseses 188,455 «+ 25,337,693 
Unwelded ingot metal ...... 299,604 .. 39,360,135 
Blister steel 932... 222,958 
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Of the ingot metal manufactured, 91,065 tons, or 
30°4 per cent., was Bessemer; 207,418, or 69°2 per 
cent., Martin; and 1,121 tons, or 0-4 per cent,, 
crucible steel. The following table shows the manu- 
facture of these kinds of steel during the last quin- 
quenial period :— 


Bessemer. Martin. Crucible.  Tetals. 

Tons. Tons. Tons. Tons. 

1896 .... 114,120 .. 142,301 .. 604 .. 257,025 
1897 e.e 107,679 .. 165,836 .. 691 .. 274,206 
1898 .... 102,254 «. 160,706 .. 1,013 .. 263,973 
1899 ..+. 91,898 o 179,357 .. 1,225 .. 272,480 
1900 .... 91,065 .. 207,418 ., 1,121 .e 299,604 


These figures show that there was a falling-off of 
833 tons in the manufacture of Bessemer, and 164 tons 
in that of crucible steel, but an increase of 28,061 tons 
in the make of Martin steel. Therefore the total in- 
crease is 27,124 tons, or 10°0 per cent. The output 
of the electric furnace was 14 tons of Martin steel. 
Bessemer steel was made in 5 lan and Martin in 13. 
Of the above quantities, there were produced by the 
basic method 115,844 tons, viz., 29,668 tons Bes- 
semer, 85,316 tons Martin steel, and 860 tons 
Martin castings. About two-fifths, or 47,000 tons, 
of this was made at the Domnarfret Iron and 
Steel Works, the Avestea Works coming next 
with 14,756 tons, and the Hofors Works third 
with 10,932 tons. 

Tuming to the production of manufactured iron and 
steel goods, the total last year amounted to 356,078 
tons, valued at 65,336,000 kr., as against 364,467 tons 
in 1899. 

Apropos of the consumption of charcoal in the iron 
process, practically the only fuel used in the iron and 
steel industry in Sweden, we learn that 46,856,170 
hectolitres, valued at 28,759,172 kr., were consumed. 
Naturally the two lan, Kopparberg and Orebro, show 
the largest consumption. 

Coming to “other metals,” it appears that there 
yere produced last year :—Silver and lead ores 5,300 
tons, valued at 262,137 kr.; copper ore 22,725 tons; 
valued at 370,713 kr.; manganese ore 2,651 tons, 
valued at 49,175 kr.; zinc ore 11,044 tons, valued at 
1,908,135 kr.; pyritcs of sulphur, 179 tons, valued at 
1,540 kr.; whilst of pure metals the returns were :— 
Gold, 88:4 kilos. (1899, 106°2); silver, 1,927 kilos. 
(2,290); lead, 1,423 tons (1,606); and copper, 136 
tons (178). 

Finally the Swedish coal industry shows that 
252,320 tons of coal (anthracite) were raised, of which 
48:3 per cent. was best quality, valued at 2,202,884 
kr. The output during the last five years is returned 
as follows :— 


Tons. 
1996 vocsveveseetoniens (225,848 
1897 wecccccecsessecess 224,343 
1898...cccseceeveccses 236,277 
1899 .cccccreccacsccses 239,344 


TQOO , cevvcce rece vcsnes 252,320 


The number of motors employed in the iron industry 
was 1,670, of which 539 were in use in the mines and 
1,131 at works. Of these, 1,113 were water turbine 
motors, and 583 steam engines, the total force being 
72,000 horse power, of which 53,000 horse-power 
were turbines. The number of workmen employed 
in the metal and coal industries was 13,861, of whom 
over 70 per cent. were cngaged in the iron and steel 
industry. Of the former number, 615 were women, 
two-thirds being employed in the iron mines, and 209 
being under eighteen years of age. There were 712 
accidents, 24 being fatal. The income taxes paid by 
the mining industries amounted 13,725,000 kr., of 
which 3,500,000 kr. was in respect of iron mines, 
7,700,000 kr. in respect of iron and steel works, and 
336,000 kr. in respect of coal mines. 


CINCHONA CULTIVATION IN BENGAL, 


The annual report on the Government Cinchona 
Plantation and Factory in Bengal for the year 1899- 
1900, has come to hand, from which the following 
particulars are obtained :— 

Weather and general.—The rainfall for the year 
ending 31st December, 1899, was the heaviest re- 
corded since the establishment of the Government 
Cinchona Plantation in Sikkim. The quantity regis- 
tered at Mungpo was 160°68 inches, against an 
average of 121-38 inches for the preceding twenty-five 
years, A disastrous rainstorm, which passed over the 
Darjeeling district on the night of the 24-25th Sept., 
did considerable damage to the plantation. On the 
main division of the plantation a number of small 
landslips occurred among the cinchonas, and many 
breaches were made in the roads, but no very serious 
harm was done. On the Rungbee division, how- 
ever, which came within the area seriously affected 
by the storm, several large landslips occurred. Asa 
result, about 65 acres under cinchona were injured or 
destroyed; from about 20 acres so affected, which 
were under mature trees, the bark was recovered ; 
about 45 acres of mature and immature cinchona 
were, however, completely carried away. The conse- 
quent loss must be assessed at about Rs. 5,800. This 
is exclusive of the damage done to the main roads 
leading from the plantation to the Tista Valley, 

“~Kurseong, and Darjeeling respectively, all of which 
were for some time rendered impassable. The con- 
tinuous wet weather, which prevailed throughout the 
year from early in April till late in September, 
was unfavourable to the growth of cinchonas, while 
perhaps as a consequence of these otherwise un- 
favourable conditions, the damage done by Helopeltis, 
which usually causes no serious loss, but which this 
year spread very extensively over the younger Cali- 
savas on the Mungpoo Division, has been con- 
siderable. 

Changes in the Plantation.—The alterations that 
have to be made in the plantation returns for the 
year are as follows:—From the Mungpoo division 
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185,749 trees were removed, and from the Sittong 
division 10,111, while 223,981 young trees were 
planted out. The uprooted trees have consisted of 
Calisaya Ledgeriana 112,800, hybrid 82,432, 
Succirubra 628 ; the young plants have all been put 
out in the Mungpoo division. The area of the exten- 
sions for the year amounts to 160°78 acres, of which 
159 acres have been devoted to 219,121 plants of 
Calisaya Ledgeriana, and 1°78 acres to hybrid 
cinchona. The area planted exceeds by 40 acres the 
space that in the last report it was hoped could be 
overtaken. This has been due to very favourable 
weather for planting having prevailed during the 
latter half of March, 1900. Full advantage having 
been taken of this, the returns for 1899-1900 have to 
include an area that under ordinary circumstances 
would have had to be reckoned in the returns for 
1900-1901. The area put out under hybrid cinchona 
is very small; the land utilised for the purpose re- 
presents, however, the last part of the original 
plantation suitable for the cultivation of this kind of 
cinchona. The nursery stock of seedlings on March 
31st, 1900, stood at 146,080—an increase as compared 
with the corresponding date in 1899 of 15,000 Cadisaya 
Ledgeriana plants, and a decrease as compared with 
that date of 7,000 hybrid seedlings. The total number 
of plants estimated as remaining on the plantation on 
31st March, 1900, is 2,207,366 distributed among the 
undernoted kinds :— 


Hybrid. © scissvdviweveeseace- $50,041 
Succirubra essee nsee cooone 177,041 
Calisaya Ledgeriana...... coccse 1,478,153 
Otheinans sisa cank seseris 2,130 
Hard Carthagena .......ccccece I 

2,207,306 


The Year's Crop.—Following the policy of pre- 
ceding seasons, the great bulk of the bark harvested 
on the plantation during the year has been taken 
from sickly or stunted trees throughout the plan- 
tation; some thinning and pruning was also done, 
and bark was obtained from healthy trees uprooted 
by the storm of “ 24th-25th’? September, which 
would otherwise not have been disturbed. The total 
quantity of dry bark harvested has been 208,652 lbs., 
distributed among the under-noted kinds :— 

Ibs. 
Hybrid CC edeeereeceererorre 74,148 
Calisaya Ledgeriana ........ 132,618 
Succirubra 1,886 


208,652 


During the year 153,739 lbs. of bark were purchased, — 


at a total cost of Rs. 49,999-15, out of the Rs. 50,000 
granted for this specific purpose. With the excep- 
tion of Solbs. of bark issued to medical depôts, and 
7564 lbs. sold to Government officers and to the 
public, the whole of the bark obtained during the 
year was taken into store at Mungpoo to be used in 
the factory. 


Sales of Manufactured Articles.—The issues of 
quinine during the year amounted to 7,725} lbs., as 
against 8,766} Ibs. issued during 1898-99. The 
decrease, as compared with the previous year, is due 
to the medical depét at Mian Mir having required 
1,165 lbs. less than in 1898-99. The quantity sold to 
Government institutions and Government officers was 
also less by 655} Ibs. than in 1898-99, but this latter 
decrease is entirely explained by the absence of 
demands from the provinces of Bombay, the North- 
West and Central Provinces, Burma and various 
Native States, which now obtain their supplies from 
the Madras Factory, and which between them took 
688 lbs. less than last year. This last decrease has 
been more than counterbalanced by supplies in excess 
of those for 1898-99 having been issued to the Calcutta 
Medical Depét to the extent of 530lbs., and to the 
Jail Department for the manufacture of pice-packets 
to be distributed in Bengal and Assam to the extent 
of 300 lbs. The issues of cinchona febrifuge were 
also slightly smaller, 2,75€3 lbs. having been sold 
during the year in place of 2,993} Ibs. issued during 
1898-99. This decrease is almost eutirely accounted 
for by a diminished demand on the part of Govern- 
ment institutions. The Calcutta Medical Depot re- 
quired 2co lbs. less than last year, the Inspectors- 
Generals of civil hospitals and of jails, Bengal, re- 
quired 31 lbs. less. The general public appreciates 
the value of cinchona febrifuge as a remedy against 
malaria as much as ever, for indents of 2,524} Ibs. 
were complied with during the year, as against 
2,528} Ibs. during 1898-99. 


PRECIOUS STONES OF NEW SOUTH 
WALES. 


Sapphires are found in many parts of New South 
Wales, mostly in alluvial deposits containing gold 
and tin; but it is only ina few instances that the 
stones possess sufficiently good colour to render them 
valuable as gems; the majority of the sapphires 
having a greenish-blue or bottle-gréen tint, while 
most of those which are pure blue by transmitted 
light, are of such a deep shade that they appear 
almost black when seen by reflected light. Sapphires 
of indifferent quality are especially numerous a few 
miles to the east of Inverell, in the northern part of 
the State, so much so, that the name Sapphire has 
been given to the locality. Rubies are frequently 
met with, but specimens of the Oriental, or true 
ruby, are somewhat rare. The topaz is found in 
many places in New South Wales, especially in the 
northern elevated regions. Here, near Emmaville, 
fine colourless transparent crystals were found asso- 
ciated with emerald, beryl, fluorspar, mispickel, 
kaolin, and tinstone, in a pegmatite dyke traversing 
indurated cliystones. Many of the topazes have a 
beautiful pale blue colour, and are of large size. Pro- 
fessor Liversidge states that a portion of a large 
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bluish-green crystal found at Mudgee, in the western 
districts, weighed several pounds; also that one 
found at Gundagai, in the south, of a pale blue- 
green tint, measured 3 by 14 inches, and weighed 
11 oz. § dwt., while another, of a similar colour, from 
Gulgong, weighed 180z. avoirdupois. The New 
South Wales emerald mining industry dates from 
1899, when a rich deposit was discovered at 
Emmaville, and 2,225 carats forwarded as a trial 
shipment to London, some of the gems realising 
£4 per carat. About 50,000 carats were obtained 
during the next two years, but the hardness of 
the matrix in which the emeralds were found, 
proved a source of considerable difficulty, it being 
almost impossible to break down the rock without 
injuring and frequently destroying the stones. In this 
Way, it is asserted, many of the finest and most 
valuable specimens have been lost. The somewhat 
inferior character of later shipments to London caused 
them to prove unremunerative, and during the next 
few years mining operations became suspended. 
These have since been resumed, and it is anticipated 
that in due course deposits of richer quality will be 
reached. Turquoise has recently been discovered in 
the coastal region south of Sydney. It occurs chiefly 
as thin veins, from one-sixteenth to nearly one-quarter 
of an inch in thickness in the joints of the slate. The 
colour of most of the mineral hitherto found is not 
sufficiently good to render it marketable, being of a 
bluish-green instead of the sky-blue which makes 
turquoise a highly-prized gem. Some of the stones, 
however, are of fair colour, and lend encouragement 
to the hope that further prospecting may result in the 
discovery of more valuable material. Zircons of small 
size are extremely common in the auriferous and 
Stanniferous gravels in different parts of the State, 
but large stones are comparatively rare. The beach 
sands of the northern coast, which contain platinum 
and tin, are largely composed of minute grains or 
crystals of zircon. The largest specimens of this 
mineral are found in the neighbourhood of Hanging 
Rock (Nundle) ; they are colourless and transparent, 
and possess such a fine lustre that the gold-miners 
have frequently mistaken them for diamonds. Garnets 
also are of common occurrence in many parts of the 
State, and they vary in size from minute grains 
to crystals of one inch or more in diameter; but 
stones suitable for cutting and polishing as gems 
appear to be rare, and so far they have not been re- 
garded as of commercial importance. Other stones 
found in New South Wales, include the opal, 
amethyst, chrysolite, caimgorm, and onyx. 


TESTING PRECIOUS STONES. 


The United States Consul-General at Frankfort, 
in his last report, calls attention to a lecture on 
precious stones, recently delivered before the Indus- 


trial Association of Berlin, by Dr. Immanuel Fried- 
lender, in which it was stated that the testing of 
diamonds is comparatively simple. The common test 
for hardness suffices. If the stone resists strong 
attacks, it is certain to be genuine ; if it does not, the 
damage is insignificant as only an imitation has been 
destroyed. The test, however, is doubtful with rubies. 
If a ruby can be affected by a steel file or by quartz, 
it is not genuine, but such a test with a topaz is likely 
to injure a valuable stone. The test for hardness is of 
no avail with emeralds, as these stones are not mnch 
harder than quartz, and in addition possess the quality 
of cracking easily. For examining rubies and emeralds 
the optical test is best. A glass magnifying about 
one hundred times suffices. Every expert knows that 
almost all precious stones have, according to Dr. 
Friedlznder, little flaws. Nearly every ruby, and all 
emeralds have many defects, which are so character- 
istic that the genuineness of the stone is readily 
established. Such a test is necessary with rubies, . 
because the imitations are very deceiving. Their 
colour is absolutely durable, and often much finer than 
of the genuine stone, although it may be stated that a 
somewhat yellowish tint is always suspicious. The 
only relfable way in which genuine rubies can be dis- 
tinguished from imitations, is by the minute air 
bubbles of the latter, which become clearly visible 
under the magnifying glass. These are not to be 
found in the natural gem; on the other hand, the 
imitations lack certain defects, characteristic of 
genuine rubies—certain vacuums, whose outlines are 
much more indistinct than those of the air bubbles in 
imitations. Fine emeralds have similar characteristic 
defects, such as enclosures of liquids and curious 
dendrites. Sapphires also show peculiar netlike 
formations. 


MINERAL WEALTH OF BOLIVIA. 


It is difficult to give even an approximate idea of 
the mineral wealth of Bolivia. It may be said to 
comprise nearly every mineral known. Gold, silver, 
and copper were the metals best known to the 
aborigines, but iron, tin, lead, copper, bismuth, 
cobalt, aluminium, and antimony are also found in 
abundance, and in the most varied combinations. 
Tin, on account of its industrial uses, is one of the 
most important metals. The tin of Bolivia, according 
to a recent American report, is said to be as pure and 
as rich as that of Malacca and to be superior to that 
of Cornwall. The districts producing tin are situated 
on the eastern slopes of the Cordilleras of the Andes, 
extending from north to south for a distance of more 
tban 300 miles. The Departments of Potosi, La Paz, 
and Oruro are chiefly represented in the production of 
tin. The most important minè is that of Huanum of 
Oruro, which was worked on a small scale in very 
ancient times. Under the present system of working, 
this mine produces about one hundred tons per month ; 
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the principal vein worked varies in width from two to 
eight feet. The deposits cannot properly be called 
veins on account of their irregularity and the number 
of dislocations. The richest tin is generally found at 
the bottom, giving 50 per cent. of the oxide. The 
mines at La Paz are some 16,000 feet above the level 
of the sea; that of Corolque is also worked for bis- 
muth—tin being found on one side of the vein and 
bismuth in the other. This mine is worked by Ger- 
man engineers. The whole output from this district 
is only about 200 tons of tin annually. The total 
exportation of tin from Bolivia is estimated at from 
400 to 500 tons per month. During the first six 
months of 1899, 396,608 pounds of bismuth, 1, 536, 386 
pounds of antimony, and 8,460,814 pounds of copper 
were exported. It is stated that if modern methods 
of mining were employed, especially smelting fur- 
naces, there would be a notable increase of production. 
Bolivia has in her territory 11,533 miles of navigable 
rivers, she has also in recent years notably improved 
her means of communication with the outside world. 
In 1899 she had 574 miles of railways in operation, 
and 1,787 miles were projected; her telegraph lines 
extended over a distance of 2,020 miles. Petroleum 
is found in three departments, coal in one, and peat 
in the greatest abundance in several districts. 


ED 


COFFEE CULTIVATION IN SPAIN. 


The cultivation of coffee for commercial purposes is 
about to be undertaken for the first time in the pro- 
vince of Malaga, at the little village of Campanillas, 
some five miles from the capital. Don Guirico Lopez, 
a merchant of Malaga will, according to Consul 
Ridgeley, begin by setting out from 20,000 to 50,000 
coffee plants on his plantation there. As long as 
Cuba and Porto Rico were Spanish possessions, the 
cultivation of coffee in the peninsula of Spain was 
forbidden, but under present conditions the Govern- 
ment interposes no objection. Señor Lopez has 
already made some experiments, and is convinced 
that coffee can be advantageously grown in the pro- 
vince of Malaga and elsewhere in Andalusia. Others 
who have examined the question claim that there is 
not sufficient humidity in the Andalusian climate. 
Practical experiments on a large scale will be 
made, and the result is awaited with great interest. 
Cuba and Porto Rico formerly supplied Spain with 
nearly all her coffee, paying the Government a con- 
sumption tax of 60 pesetas per 100 kilogrammes 
(41 4s. 5d. per cwt.) on all coffee entering the Penin- 
sula. At present the import duty on coffee is 140 
pesetas per 100 kilogrammes (£2 16s. 11d. per cwt.) 
from all countries except from the Spanish island of 
Fernando Po, and Spain’s supply last year came 
largely from Valparaiso and other South American 
ports. Coffee from Fernando Po pays a duty of 
105 pesetas per 100 kilogrammes (£2 2s. 81d. per 


cwt.). If coffee can be successfully cultivated in the 
province of Malaga, it is believed that it will be 
generally grown throughout Andalusia, 


PEAT WOOD IN AUSTRIA. 


The adaptability of peat as material for fuel is at 
the present time of particular interest. The United 
States Consul-General at Vienna says that, although 
as yet peat cannot successfully compete as a fuel with 
anthracite coal, since in proportion to its heating 
value it is of great bulk, and hence makes transport- 
ation dearer, nevertheless, with the necessity of 
making practical use of it, invention cannot fail to be 
stimulated. The problem of so saturating and com- 
pressing it into bricks as to make it a substitute for 
anthracite coal for household and industrial purposes 
can, without doubt, be eventually solved. Machines 
have already been constructed by means of which 
this valuable product can be mixed with facility; and 
peat has been put to a variety of industrial uses. 
Progress in Austria in the employment of peat is 
shown in the manufacture of a patent artificial wood 
—so-called peat wood. This artificial wood is 
especially distinguished by the property that, in 
moist soil it hardens steadily, owing to the formation 
of calcareous hydrosilicate of alumina. It is perfectly 
adapted as a material for street paving, being, it is 
said, absolutely free from dust, noiseless, and exceed- 
ingly durable. Natural wood blocks, on the other hand, 
in the opinion of Consul Hughes, do not sufficiently 
resist atmospheric influenees, and soon warp. Peat 
wood is also excellently suited for railroad sleepers. 
Screws, rivets, and nails become as firmly fastened 
therein as in the best of oak. Wood sleepers rot in 
damp soil, while moisture only renders the peat wood 
harder, All kinds of wood, from willow to oak, can 
be excellently imitated in this new material, which, 
adds the Consul, holds out, in suitable districts, fair 
promise of growing into a source of profitable business 
enterprise, 


General Notes. 
ey 


CANAL COAL TRANSPORT.—It appears from the 
Board of Trade’s returns relating to the world’s pro- 
duction of coal, that of the total quantity brought to 
London a little more than half comes by sea, coast- 
wise, and nearly the whole of the balance by rail. 
Only 15,484 tons reached London by canal in 1899. 


MINERAL OILS.—The total value of mineral oils 
exported from the United States during the quarter 
of a century from 1876 to 1900, was about 
£240,000,000, an average of about £9,600,000 a 
year, and during recent years has averaged about 
£12,090,000 per annum, or £1,000,000 per month, 
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CANTOR LECTURES. 
ELEMENTARY ART EDUCATION. 
By J. LIBERTY TADD. 


Abstract of Lectures delivered January 14, 
21, and February 4, 1901. 


It gives me pleasure to speak to you on the 
subject of education. This may be done with 
confidence because the subject is more im- 
portant than any other; one that touches the 
physical, mental, and spiritual being more 
closely than any other question. Is there any 
work in the world comparable with the un- 
folding and expanding of a human mind ? 

Teachers are artists and architects ; builders 
of the temple not made with hands, every stone of 
which is a living human soul entrusted to their 
care, to shape or mar. We must consider the 
whole temple—the mental and physical edifice. 

We think with the brain but we act with the 
hands. We must make one the good and 
obedient servant of the other. You have heard 
the statement, ‘‘ He that ruleth his spirit is 
greater than he who taketh a city,’’ and the 
beginning of this domination lies in the getting 
control of one’s self. We must make the will 
strong by the repetition of good and righteous 
acts worked out. We literally work out our 
own salvation. 

Dr. Hailmann has said, ‘‘ The hand is the 
projected brain, through which the directing 
thought achieves the heart-purposes of man.’’ 
And not only through the hand do we achieve 
the heart-purposes of man, but through the 
hand we energise the brain by the repetition of 
acts, and by this repetition energy is restored 
for future discharge. 

Aristotle says, ‘‘ The hand is the instrument of 
instruments, it is že instrument of the mind.” 
It is the key whereby we unlock the potentiali- 
ties and powers of the organism. With the hand 
we fabricate ideas by fabricating things. 


But while I plead for the education of the 
hand, I would urge also the real development 
of the sense of sight in connection with it. I 
say veal development. For one cannot by 
mere looking at objects lock into the mind 
facts connected withthem. It is by the united 
action of the various senses that impressions 
are made permanent, and become organic: 
sight acting with touch; both of these with 
the muscular sense; and all three with the 
other senses. People who possses the faculty 
of observation developed to a high degree, like 
artists, scientists, and inventors, owe it to this 
practical training of their senses in conjunc- 
tion one with another. It is experience of this 
kind, not the mere verbal memory, that is 
the mother of ideas. And in the education of 
the young it is the gaining this experience that 
is all important. 

Nothing, then, is of greater value to the 
young, and to all others, than the possession of 
a physical being capable of making the refined, 
delicate, skilful, and accurate movements 
which minister in so many directions to the 
welfare of the organism. Nothing is of more 
importance than a mental structure built up by 
accurate observation, and filled with clear, 
lucid, comprehensive, and distinct ideas asa 
result of this fine and varied experience. And, 
lastly, it is of extreme importance to possess a 
strong, aspiring soul, capable of giving an 
energetic impulse to the mind and to the body 
in the direction of the right and the necessary. 


THREE-FOLD ORJECT OF THE WORK. 


This sums up the three-fold object of the work 
which I wish to present to you. It is not a 
question of art, or of manual training, or of 
drawing separately, but of something infinitely 
greater. If we wish to do anything for the 
young by education, it is to make them 
recognise and realise the possibilities and 
potentialities of their being, to make them 
grow 7zfo power instead of ov? of it; to enable 
them to get a little of the deep joy and beauty 
that is planted in things; so as to enable them 
to hear the voice of the Almighty speaking to 
them from common things—the common things 
of which we see so much and know so little— 
before they are thrust into the narrow grooves 
of business, or into the ruts of daily life. 


THE PHILADELPHIA SYSTEM. 


With this threefold end in view, wishing to 
train at the same time the brain, the muscles, 
and the will, the painful experiment and prac- 
tical experience of many years have led us, in 
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Philadelphia, to evolve the system of art and 
manual training which I am here to present 
to you. 

In the greater number of the cities of the 
United States, careful experiment in the matter 
of manual training is only beginning. Special 
Schools, Trade Technical Schools, and Art 
Schools are well established in many parts, 
but there is no approach to a universal system 
of instruction, and so far as real art and 
manual training for the masses are concerned, 
the movement is as yet only in its infancy. 

To Mr. Charles G. Leland credit must be 
given for establishing the Public Industrial 
Art School in Philadelphia, where many of the 
first experiments in this work were made. He 
left in 1884, and I became the director of the 
school in which I had taught since its com- 
mencement in 1880. 

The Public Industrial Art School gives in- 
struction to 1,200 students each winter, chiefly 
pupils of ten to fourteen years of age, taken 
from the grammar grades of the various public 
schools. From 100 to 300 teachers are taken 
through a normal course, and the work is also 
carried on in the Roman Catholic schools of 
Philadelphia under my direction, as well as in 
several schools connected with churches, and 
a number of private institutions. 

In the beginning we tried nineteen different 
branches of handwork—wood and metal work, 
drawing, painting, and modelling of various 
kind. But as the result of many years of care- 
ful work, experiment, and observation, we have 
been led to fix on certain things as funda- 
mental to any real system of art and manual 
training, viz., drawing, designing, clay model- 
ling, and wood carving. And in the working 
out of the application of these fundamentals 
certain features, radically characteristic of the 
system, have been evolved, such as a systematic 
sequence of classes, memory drawing, creative 
work in design, ambidexterity, correlation of 
subjects, and real Nature study. 

The method of drawing taught in our classes 
differs entirely from that carried on in the 
ordinary schools and art institutions, where 
imitative work of various kinds is usually 
practised ; copying from objects, type forms, 
and flowers ; mechanical drawing, sometimes 
drawing from the flat and the cast. Our method, 
on the contrary, consists 

(1). In the practical development of the entire 
organism—the hands, the eyes, and the intelli- 
gence—by the acquisition of conscious control, 
followed by automatic control. 

(2). In the use of powerful formative exercises 


at certain periods, for the purpose of gaining 
facility, balance, proportion, accuracy, a know- 
ledge of magnitudes, a sense of beauty, fitness, 
and grace. 

(3). Exercises in different mediums (wood 
and clay), for acquiring dexterity and skill in 
bodying out various concepts. 

(4). Exercises for acquiring accurate and 
permanent organic memories of environment 
(a) from Nature, at periods when impressions 
are most vivid, from animals, flowers, insects, 
shells, &c.; (5) from art works and ornaments 
of the best periods, and in creative designing 
in various materials. 

If we ask, ‘‘What is Drawing?” the 
common answer would be that it is an accom- 
plishment. Now so far from being a mere 
accomplishment, it ought to be considered 
a mode of thought expression just like speech, 
writing, music, or work. In trades, industries, 
and arts, work as an expression of thought 
shows itself in various forms, and by means of 
varied materials, such as wood, clay, metal, 
and stone. But, speaking generally, in these 
work processes there are certain fundamental 
movements, common to all, that call for skill, 
dexterity, refined action. These fundamental 
movements all require exertion of power through 
the hand; they oblige the hand to discharge 
automatically refined, skilful, delicate, and 
accurate movements. What are the funda- 
mental requirements of these common move- 
ments? Are they not facility; erectness, 
balance, proportion, fitness, magnitude, beauty, 
space-relation, &c. ? 

(Here Mr. Tadd gave a practical exposition 
on the blackboard, and by means of clay 
modelling and wood carving, of the methods 
and exercises used in making these movements 
as freely and unconsciously as in music or 
writing. These exercises showed how little 
children of six years of age and upwards, can 
acquire this automatic power of expression by 
systematic and regular practice of a few 
minutes at a time, during the period of growth 
and development. ] 

Understand, I am now only pointing out one 
phase of the work, automatic action, in order 
to gain greater power of expression. We have 
in all our schools the usual work going on, 
drawing from models, and from the antique, 
water colour work, instrumental work, &c. 
But to develop fully the powers of the body, we 
must, during the early period of growth and 
development, make manual expression auto- 
matic. All the fundamental motor co-ordina- 
tions must be mastefed during the only time 
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when they can be well and thoroughly made, 
t.e., during the nascent period. 

This formative period is the vital period, the 
only time when energy can be stored, and the 
finest skilled movements can be organised. 

Children cannot, in the beginning, accurately 
perceive form, and consequently they cannot 
‘make it. The perception of form requires ex- 
perience, mental and physical, which must 
first be organjsed — function giving power. 
We plant power by performance. I have seen 
teachers unreasonable enough to expect little 
children to draw accurate forms from the out- 
set, which they themselves were unable to 
draw. We might as well expect “full corn ” 
to grow out of the ground at once, instead of 
“ first the blads, then the ear, then the full 
corn in the ear.” 

Again let me remark that automatic facility 
must precede accuracy. Facility first, and 
then accuracy. Only by gaining facility can 
accuracy be acquired. If facility be properly 
gained, accuracy comes with ease. 


ROTATION OF WORK. 


By rotation of classes is meant that the pupil 
works at drawing, modelling, and carving in 
turn. We do not give a complete course in 
one subject, and then a course in the other, as 
is usually done in schools, but insist on the 
pupil putting the same ideas on a flat surface, 
in soft clay, in tough wood in turn. This gives 
a wonderful amount of physical co-ordination 
and manipulative dexterity and experience. It 
also prevents young children from becoming 
tired or weary of any one branch, the continued 
change of medium renewing the pleasure and 
novelty of working. The variety of work in 
fundamental materials also tends to disclose 
the capacity, disposition, and special inclina- 
tion of pupils. 

All children, without exception, even the 
feeble-minded and insane, have an energetic 
liking for, and disposition for working in some 
of these branches. All children are willing to 
work with energy in the three mediums in suc- 
cession, even though they may dislike any 
individual one or other, unconsciously gain- 
ing submission to discipline and drudgery. 
Discipline and drudgery of certain kinds 
are essential in all continuous work, and are 
an especial help in the formation of habit and 
character. 


MEMORY DRAWING. 


Memory drawing in all the grades is insisted 
upon, because in reviving and recollecting 
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impressions previously received, such impres- 
sions are strengthened, intensified, and are 
knit into the mind—are made more organic. 
Not only is this true of the various forms of 
art, but of all the other industries, and of the 
various school studies. Memory drawing gives 
a definite outline to all mental operations. 

Fluent power of expression must be gained 
through memory drawing at the same time 
that the children gain the other fundamentals 
—facility, balance, proportion. This must be 
done during the period of development, for 
the acquisition of this power is easiest then. 
Indeed, in the majority of cases, it is almost 
impossible to gain a complete mastery of new 
muscular co-ordinations in adult life. The 
practice must be begun early. 

Memory drawing is an invaluable instrument 
for gaining fundamental ideas and impressions 
of the numberless things, facts, and forces in 
nature which are necessary for every child. 
On such a foundation can be built the more 
abstract studies, without subjecting the child, 
too early, to the mental stress and strain of the 
more formal thought - studies. To give 
abstract work first, or alone, as is still the 
practice in many schools, causes distaste for 
school work, instead of the eager interest that 
is created by the more rational methods here 
referred to. 

Memory drawing is also an important factor 
in aiding the child to assimilate, and fix into 
the mind inspiring and fascinating impressions 
(especially of beauty forms), which would 
otherwise be cloudy and indistinct in after life. 
This power is gained when most things are 
fascinating to the young, and when impulses 
of energy well up in the young mind for this 
very purpose. All children are filled with a 
divine, devouring curiosity, which at the de- 
veloping period is most intense and should be 
utilised. This power of assimilation gradually 
diminishes, and to a large degree is lost about 
the time maturity is reached. 

Memory drawing is also of supreme value 
because it enables the pupil to grasp the essen- 
tial features of an object, instead of the details. 
This is one of the most desirable requirements 
in art work. As Michael Angelo says, art is 
“the grasping of essentialities and the purga- 
tion of superfluities.’’ This power of grasping 
the essential is equally important in every other 
line of work or activity. The master in any 
vocation is the man who best employs this 
power. 

One of the chief obstacles to overcome in 
copying or imitative work is the constant ten- 
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dency to notice details instead of the main 
facts, drawing feathers instead of a bird, 
drawing hair or wool instead of the sheep or 
dog, as the case may be. 

We ask little children to draw from memory 
anything that interests them—a leaf, a flower, 
a bird, a fish. No child will make a drawing 
of one of these forms, while its curiosity is 
aroused and its attention awakened, and while 
it has the opportunity of refreshing its ex- 
perience of this form, without embodying in its 
new drawing more of accuracy and truth. Only 
a teacher ignorant of mental action will expect 
a little child to make accurate forms in the 
beginning. Accuracy is a matter of growth. 
All children, 1f taught properly, grow into the 
power of delineating forms as a mode of thought 
expression, just as they learn to speak—by 
assimilating and retaining visual impressions, 
and at the same time making automatic the 
muscular movements appropriate for their de- 
lineation. This is a gradual process and 
takes time. Therefore, from the very first, 
children are required to draw from memory, 
and the crudity of the result in the early stages 
is not regarded as a drawback. What is aimed 
at is the effect on the brain by much repetition 
of these memorised drawings, the mental im- 
pression becoming gradually more and more 
accurate as observation grows keener, and as 
facility in recording the impressions observed 
is gained by practice. 

By degrees, the muscular co-ordinations 
become easy. At the same time, the mental 
power is gained of perceiving more accurately 
the finer details and essential features of an 
object. Each time a delineation is made, a 
more distinct and definite outline should be 
rendered of the object in the mind. For such 
purpose we use the force of habit or repetition, 
As a child gains experience visually, this expe- 
rience is rendered muscularly, the mind work- 
ing in double fashion, through the eye and 
through the hand. 

I repeat it is impossible to get, by visual ex- 
perience alone, the power required in delinea- 
tion. We cannot learn by mere looking at a 
thing ; many people receive but few impressions 
from their environment. If a drawing or a 
diagram is made of the difference between a 
butterfly and a moth, or a cricket and grass- 
hopper, the fact is more firmly apprehended, 
because the touch, muscular sense and vision 
have been used simultaneously, and thereby 
the fact is more vividly impressed upon the 
mind. Memory drawing is one of the most 
powerful instruments in real manual training, 


because it makes automatic the union between 
thought and action. 


CREATIVE DRAWING. 


From the very beginning the children exer- 
cise the creative capacity, the ‘divinity in 
man.” They never touch paper, clay, or wood, 
without embodying their own arrangements. — 
At first these designs or creations are neces- 
sarily crude, but, with experience and guidance, 
children soon evolve fine, original, and artistic 
designs. It must, however, be borne in mind 
that, unless the teacher himself has this creative 
power, it cannot be expected from the child. 
In this I do but repeat what I have constantly 
urged, viz., that only teachers able to draw 
should teach drawing. 

In many schools, much of the time devoted 
to drawing is given to copying and imitative 
work ; but, with the exception of Nature work, 
which must of necessity be imitative and 
idealised, each design made by our children 
is original, thus developing invention and 
originality. 

The children are thoroughly grounded in 
fudamental units of the various great styles in 
ornament—by preference, the Greek, Moorish, 
Renaissance styles. By means of repetition 
and practice, the pupils become able to use 
these units with the ease, grace, fitness, and 
beauty of the best designers, because they are 
also taught the actual principles and laws that 
underlie and are embodied in these forms— 
principles and laws which cannot be Icarnt by 
observation or by imitation alone. 


AMBIDEXTERITY. 


Another of the characteristic features of the 
work advocated is ambidexterity. By this is 
meant that both hands should become dexterous 
—not as some hasty critics assume, that the 
left hand should do everything that the right 
does. 

Even in those actions which are best done 
by a single hands, the training of that hand 
and the training of the necessary muscular 
co-ordinations, have an excellent effect on the 
whole organistn. Much greater is the effect 
when, instead of neglecting the left hand, as 
is usually done, it is trained to perform the 
actions for which it is fitted, and, still better, 
to act in conjunction with the right hand. 

In all arts, crafts, and trades both hands are 
used, one assisting the other. Few attempt 
such work as carpentering, modelling, carving, 
&c., without using each hand; and the more 
skilled, refined, delicate, and accurate the 
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movements of each are, and the more instan- 
taneous the automatic obedience of each hand, 
the more powerful does the cerebral action 
controlling these movements become. 

By the use of both hands, in as many 
physical co-ordinations as possible, energy is 
accumulatedin the corresponding motor cen- 
tres. Few realise that the motor energy 
must be accumulated during the period of 
growth and development. Only during this 
period can the acme of skill possible for each 
individual be acquired. Just as refined and 
skilful movements of the right hand modify 
certain cells in the motor centres of the left 
side of the brain, and permanently energise 
them in certain ways, so similar movements 
with the left hand affect the right side of the 
brain. The muscular co-ordinations in the 
hands of some children are crude and imper- 
fect, shown by the clumsiness and awkward- 
ness of the movements they make. Such 
children require an ambidextrous training more 
than any others. 

There is something almost immoral in the 
way that children are allowed to come to the 
age of maturity, without any effort being made 
to develop the muscular co-ordinations of which 
they are capable; And this can only be done 
with tolerable success during the developing 
period. Once the muscular system has become 
fixed there is small possibility of new move- 
ment involving fine, delicate co-ordinations 
being successfully learnt. Yet it is this very 
period of development that is so often abused 
by forcing the children into ‘‘ thought-studies ’’ 
and intellectual efforts, with printed, written, 
and spoken words, before the mental structure 
is complete. And mental structure can only 
be fabricated with things, facts and forces— 
sense impressions and motor expressions. 


POWER OF REPETITION. 


In childhood the power of repetition in 
storing the brain with energy for use in after 
life is enormous. Probably not a single move- 
ment or motion is lost or wasted; the single 
movement of a wrist or hand exerting an in- 
fluence and helping to shape habit, conduct, 
ahd character. We claim that it is only by 
constant repetition of motor movements that 
complete ideas and habits can be formed, and 
sufficient energy accumulated for the proper 
discharge of thase ideas. So great stress is 
laid upon the repetition of certain forms and 
impressions until they become automatic ; only 
then can they be used as aids to thought ex- 
pression. For instance, by repeatedly repro- 
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ducing a leaf form on a flat surface, in clay and 
in tough wood, a clear, distiact, and vivid idea 
of that leaf is gained—one that becomes per- 
manent and useful. On the other hand, copy- 
ing or imitating a leaf once or twice, as is too 
often done under the old methods, makes only 
a faint and feeble impression, of little value. 

Few have the power to retain impressions of 
forms of any kind after drawing them but a 
few times. It seems absurd to find, as is fre- 
quently the case, many art students quite 
unable to draw a hand or a foot in any 
position without a model; surely years of 
training should give them this power—power 
that is gained by our children at a very early 
stage. 

Unless I have had this training, I can 
dictate with my mind, but the hand will not 
perform the action. I must modify the brain 
cells in a certain way by repetition before I can 
get the discharge of energy which will enable 
me to perform the appropriate action. I must 
also arrange the muscles of the hand, arm, and 
so on, in a certain way, in order to make the 
hand obey the mind. I must plant power by 
performing deeds. All the thought, all the 
desire, all the intellectual effort possible, will 
not enable me to acquire real power otherwise. 


CORRELATION. 


Unless drawing is used as a mode of thought 
expression, it should have no place in school 
work. 

Drawing as a mode of thought expression 
can be used to simplify and unify the course 
of studies. Drawing releases the strain put 
upon the verbal memory, by locking facts into 
the mind through other channels—touch, mus- 
cular sense, sight, &c. All the simple facts 
in anatomy, astronomy, zoology, &c., can be 
rendered by delineation and diagrams, this 
deed work tending to give a definiteness of out- 
line to ideas, and impressing them more perma- 
nently on the mind. 


NATURE STUDY. 


All education, and especially art education, 
rests upon nature study. The first and supreme 
thing to do with children is to impress them 
with a love of Nature. Are we wise, then, if 
we give them print—books, printed, written, 
and spoken words — symbols of knowledge. 
Should we not, first, give them ¢kings, Nature 
and truth? Someone has said, ‘‘ In books we 
find truth in black and white, but in the rush of 
events we find truth at work.” 

In my city schools, we have birds, fish, shells, 
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insects, minerals, leaves, &c., for inspiration. 
Fundamental impressions, on which all others 
are based, are made of form, colour, texture, 
structure, function, and so forth, at the period 
when the children are fascinated by these forms. 
The impulses of joy and gladness received 
through these impressions, are of far greater 
value than for many formal lessons. 

Visits are also made to museums, academies 
of natural science. The children are not 
paraded through many rooms, where they 
would get faint and superficial impressions of 
numberless things, so that the formation of 
clear ideas is an impossibility. On the con- 
trary, we make the class visit systematically a 
few inspiring and interesting forms, and, while 
the impressions are fresh, we endeavour to 
make them permanent and lasting by using as 
many senses as possible. Visual impressions 
are distinct and clear as well as permanent ; 
associations are made firmly by and with 
motor movements in drawing, modelling, 
painting; more power is thus accumulated for 
future discharges of energy ; organic ideas are 
formed, and permanent memories are fabri- 
cated. 

Memory is not only a mental product, it is 
part of every fibre of the being; it concerns 
nerves and muscles as well as thoughts, feel- 
ings, and acts. Memory must have a good 
physical basis, fabricated during the plastic 
period of growth. 

In my summer school we have much better 
opportunities for Nature study. There is a 
constant succession of events happening in 
plant life, in insect life, and among animals. 
The students have regular places to visit, to 
observe birds’-nests, porcupines, fish, snakes, 
frogs, &c. Permanent and abiding impres- 
sions are made, especially of interesting in- 
cidents and forms. That these fundamental 
and fascinating facts are permanently organ- 
ised, we consider of much more importance 
than learning scientific names, consecutive 
series of events, technical terms or classifica- 
tions. It is the giving of these details to 
children at the elementary period that causes 
them to dislike the formal school studies. 
Whereas a few fundamental facts of an in- 
teresting nature, rooted in the mind by varied 
s2nse-impressions, will create a love for a 
subject which forms an admirable basis for 
scientific study and systematic work later on. 

Present methods of education are inade- 
quate. There is altogether too much book- 
work. Book-bred people arc indisposed to 
action. Studics have been multiplied, new 


topics have been added until the curriculum is 
overloaded. Some schools have as many as 
twelve to fifteen subjects most of them not 
related and nearly all of them ‘‘ thought’’ 
studies and having to do with printed, written, 
or spoken words, the symbols of knowledge 
only. Many teachers actually consider the 
« course” more than the child. In the old 
days only the ‘‘three R’s’’ were given and 
less harm was done ; but now the book training 
is begun earlier and continued later in life, 
with a greater number of topics than ever be- 
fore. We sow the seed that fills insane 
asylums and that causes many to be feeble- 
minded and unhealthy by administering to 
children this mental work, at the wrong period, 
by repressing their superabundant physical 
energy, instead of making use of it to develop 
the organism. | 

All physicians know that many of the 
nervous diseases from which we suffer as a 
nation have their foundations laid during this 
period of elementary education. I claim that 
with the introduction of rational methods in 
art, manual training, and nature study, this 
will be changed. 

Mental stress and strain at the periods of 
elementary education cause consumption of 
blood and energy, that should go to the 
building up of body and brain for future work. 
Can we wonder that we should have pale, 
puny children? Physical and mental health 
should be the supreme aim of the elementary 
teacher. 

It is of supreme importance that the use 
and exercise of the mind and body in the 
elementary stages should be pleasurable and 
joy-giving. The power of joy has an expand- 
ing and inspiring influence; it is absolutely 
essential to the well-being of children. The 
child is much influenced at this period by its 
emotions and feelings; and worry, fretting, 
and grief are strong influences in depressing 
and retarding mental and physical growth. 

[Here Mr. Tadd gave an exposition by 
means of drawings on the blackboard of the 
nerve cells in the brain, and of the develop- 
ment of the association fibres connecting the 
motor and sensory areas of the different convo- 
lutions. ] 

Few teachers realise that it is only by actual 
experience, through the various senses, that 
we can modify the sensory areas of the brain, 
that the clearness, vividness, comprehensive- 
ness, and distinctness of our ideas depend 
upon the completeness of these sensory experi- 
ences; that only by making various movements 
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can we modify the motor areas of the brain, 
and that all refined, accurate, skilful, and 
delicate movements depend upon the character 
of these modifications. 

It can be readily seen, therefore, that a 
child’s energy and force depend upon the 
character of the brain—the supreme centre. 
And the primary teacher’s aim should be to 
obtain well-nourished and well-developed brain 
cells, instead of half-starved, weak, and puny 
ones, to vitalise and energise as much as 
possible of the brain area during this period of 
elementary training. 

Under the old methods, one-sided develop- 
ment was frequently the result, some pupils 
possessing strong physical powers but weak 
mental action, and we verséd. Many who 
have formed strong motor associations have 
acquired the habit of work, and are indus- 
trious and faithful, but they have never fabri- 
cated the higher and finer mental co-ordina- 
tions of beauty, grace, and fitness. Similarly, 
there are many cultured people with fine taste 
and artistic judgment, who have spent their 
lives in receiving vivid impressions of beauty, 
but still have little power of action or work. 
Both of these classes are but partly trained, or 
have had a one-sided education. What they 
need is the development of the instrumentali- 
ties of both body and mind. 

The artist, above all, requires the complete 
union of thought and action. He, more than 
any, requires the power of accurate observa- 
tion, keen perception, sound reason, and 
energetic action, in order to realise his ideals, 
the flowers and fancies of his soul, the most 
delicate and exalted expressions of his 
cultivated imagination. 

Teachers and pupils should understand that 
it is not enough that we should look at our 
fingers, and be able to clasp or to count them, 
we should be able to trace their action to its 
source ; we should understand that the hand 
is rooted in the brain, and we should under- 
stand some of its mechanism. 

The child is an individual, an organism 
possessing wonderful instrumentalities and 
potentialities. These powers and instru- 
mentalities must be trained during the 
elementary periods of education. Teachers 
are apt to consider the child one of a series of 
receptacles into which they must pour a certain 
amount of knowledge in a given period of time, 
without regard to its capacity, and certainly 
without regard to its feelings. 

Elementary education should appeal to the 
child’s feelings and joys; purely intellectual 


work or thought-studies should come later. 
We must, as Aristotle says, ‘‘Care more for 
the health of the body than for the intellect, let 
the first impressions of all things be the best.”’ 

The child is a bundle of thoughts, feelings, 
and actions; brain, nerves, muscles for think- 
ing, willing, and doing. Elementary teachers 
must consider this, and sec that vitality is 
conserved for these purposes, instead of being 
consumed by mental work at too carly a 
period. 

It is possible to take a normal child, and 
give it certain studies in such a way that it will 
exert itself to the utmost. It can be made 
unconsciously to consume its vitality. Such a 
child will pass examinations, and graduate 
with triumph, and then collapse, not having 
enough energy or vitality to make a living, or 
even tolive. The organism has been strained to 
the utmost during the period of development, 
all surplus capital has been consumed, and it 
falls a prey to the first sickness or strain put 
upon it, when the body should have been in its 
prime, with surplus energy to meet emergen- 
cies. 


HABIT. 


Teachers must consider the almighty force 
of habit. Almost all our movements, mental 
and physical, are the result of habit. Sp2ncer 
says, ‘‘ The repetition of a good action gener- 
ates the habit of doing good, generates a 
moral feeling in regard to such action which it 
becomes at last a pain to go against.”’ 

‘¢ Habit is instinct in the making.” 

“« Habit is the process of associating a 
definite muscular action with a sense impres- 
sion or an idea.” 

The elementary period is the period of 
periods for the formation of habits; it must 
not be left to a chance. Habits should be 
formed systematically and regularly. 

The life of the child is divided into periods, 
well marked :— 

(1). The period of play, of rapid growth of 
the body, of rapid growth of the brain, when 
vivid sense impressions should be made. 

(2). The period when thought studies are 
harmful. 

(3). The period when energetic movements 
of the limbs should be made. 

(4). The period when it is of supreme im- 
portance that refined, skilful, and accurate 
movements of the hand should be made. 

(5). A period when we can touch and awaken 
certain emotions, and subdue, repress, and 


curb others. 
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These are the periods of development. One 
of the greatest evils of the present system is to 
occupy these periods, the most precious in a 
child’s life, with thought-studies and abstract 
intellectual work, making the brain cells weak 
and feeble, instead of powerful and energetic. 

At this period we can fabricate fundamental 
ideas, for good or evil, that can never be 
eradicated. In two or three minutes a child 
may be influenced for life. For instance, you 
may take a grub, caterpillar, or worm, and 
influence the child for evil by giving it a feeling 
of dislike, repulsion, or disgust; or, if you 
wish to influence the child for good, you can 
arouse its curiosity and awaken its admiration 
for the beauty planted in such things. 

These fundamental impressions and ideas 
are of profound importance to children; they 
shape the conduct and influence the character 
of future life. We can build ‘‘scamp or scoun- 
drel,’”’ or good and righteous person, all with 
the same exterior. I care not what course of 
tuition is used, how it is graded, whether the 
child shall have more or less mathematics, 
Latin or Greek, sewing or cooking, all are 
trivialities compared with the getting of funda- 
mental ideas and moving impressions, such as 
will result in good action, righteousness—action 
from right motive. 

During the periods of development, when 
habits are being formed, we must develop the 
powers and instrumentalities of the organism. 

What are these instrumentalities ? The 
brain, the hands, the eyes, the tongue, &c. 
We must make them sharp, keen, acute, an 
reponsive. 

What are these powers? Are they not— 
accurate observation, keen perception, sound 
reason, energetic action, with the good mental 
health and strength of character which come 
from their proper development ? 

We make children the receptacles of infor- 
mation during the early periods of education, 
diverting their attention and curiosity, consum- 
ing their vitality, preventing inspiration, and 
stifling the energetic impulse to action. Instead 
of fabricating ideas we give them words. We 
try to use the intellect to make the child think 
and reason, before we have formed a physical 
basis for these functions. 

Can we not use the rest of life for thought- 
studies, for accumulating information? If 
children had second nascent periods for the 
development of habit no harm would be done 
by our methods of precedure, but they do not; 
therefore, we should develop, during this vital 
period, curiosity into attention, attention into 


application and a desire to learn. We shonid 
develop a power to perceive beauty, and a 
hunger and thirst for energetic right action, 
instead of forming a dislike for head-work, 
book-work, and study, which too often chara- 
eterises present methods. 

The power to perceive beauty and beauty 
forms, rightly belongs to, and should be 
possessed by everyone. The only time when 
it can be properly planted is during the period 
of youth. Systematic administration of ‘‘ sun- 
sets,” and other forms of beauty, is just as 
necessary, as a means of exalting and expand- 
ing in the mind, as, for instance, graded exer- 
cises in mathematics. 

During this development the future life of 
the child should be kept in view—its bent, 
capacity, and disposition. We should give 
fundamental, generalised hand skill, and then, 
as the child grows in experience, specialise in 
different directions. Is it right that the child 
should become adult before finding out its 
capacity and power? Should it not grow into 
the knowledge of its own instrumentalities, 
and, as it does this, also grow into the power 
of using them ? 

Many of the methods employed in elemen- 
tary schools result in serious injury to the 
physical frame. Prolonged sitting, often in 
strained positions, has its due effect in con- 
tracting the chest, producing evil habits of 
breathing, curving the spine, and affecting the 
eyesight. 

Statistics show that 24 per cent. are short- 
sighted, 17 per cent. suffering from spinal 
curvature in elementary schools, a state of 
things caused by habits that could be readily 
prevented by teachers. 


WoOoD-CARVING. 


Many of these evils are abolished by one 
phase of our work—the wood-carving. We 
use carving to produce energy of action and 
strength of character, entirely apart from its 
usefulness as an art. In carving the pupils 
stand erect, breathe deeply, fix the thorax, and 
use many large and important groups of 
muscles. They have to grip tools with both 
hands with continuous energy. 

Physical grip, especially hand grasping with 
energy, isto some extent, the counterpart of 
mental grip, apprehension. By gripping, I do 
not merely exercise the twenty-five or thirty 
muscles of my forearm, but also the bones, 
tendons, circulation, nerves and glands are in- 
fluenced, and especially the motor centres in 
the brain in which the hand is rooted. 
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Gripping or exerting energy at the periphery 
or nerve endings, profoundly and powerfully in- 
fluences the entire organism; loose mouths 
and features, limp figures and hands become 
strengthened, braced up and energised. 

I claim by these means to have modified the 
faces of thousands of children. Firm lips, 
well-knit brows, alert and intelligent eyes, are 
the external evidences of well-developed and 
energised motor and sensory areas. In my 
nizht schools, I have repeatedly taken weak, 
loose-mouthed children, and, by various exer- 
cises, in one season, made them firm and 
strong. 

[Here Mr. Tadd practically illustrated the 
various kinds of ‘‘ grip’’ used by both hands 
in carving, how the pupils acquired the power 
to discharge continuously and inhibit energy, 
automatically, in all possible directions, in 
tough wood. ] 

In America, much confusion has arisen in 
the minds of many teachers of wood work and 
construction, who think that manual training 
can be acquired by shaping various forms in 
wood or metal. Few of them have any know- 
ledge of art, and do not realise that the manual 
training which is not artistic is a delusion, and 
that the art work which is not manual training 
is a snare. 

The hand is rooted in the mind. If the 
mind projects energy to make refined, delicate, 
and beautiful forms, and the hand cannot obey 
this impulse, has it manual training? Does 
the making of forms in wood and metal, of 
joints, does the practice of Sloyd give this 
power? Teachers who have had years ot 
experience in this kind of work only cannot do 
the elementary work required by us from small 
children. For an average child, 10 or 12 years 
of age, if properly trained, should have auto- 
matic power of expression, and be able to pro- 
duce work showing good balance, proportion, 
fitness, and beauty on paper, in clay, and tough 
wood, and also to draw simple Nature forms. 

Real manual training means the complete 
dexterity of both hands, each executing the 
. most complicated and entirely different functions 
at the same instant. This synchronous control 
of multiform activities by the hands being exer- 
cised automatically, leaves the mind entirely 
free to excercise itself with the thought that the 
hands are to express. 


CLAY MODELLING. 
Clay modelling is one of the most perfect 
means of thought expression that has yet been 
devised for elementary work in schools. Tested 


by experience with over 18,000 pupils of all 
grades, from the child in the kindergarten to 
the adult, it has been found most feasible of 
application, more joy-giving, more instructive 
and educational, than other mediums. 

Paper weaving, folding and cutting, stick 
laying, paper pricking, cardboard work, whit- 
tling, knife work, are all feeble and nearly usc- 
less in comparison. Too much time is “ killed ”’ 
by work of this kind; it is ‘‘ busy ” work, and, 
of course, all children can be made to be 
interested in it, but it has slight educational 
value, and in many cases is thoroughly harm- 
ful. In some cases much injury is done by the 
shortness of sight, and using fine finger move- 
ments at too early a period—before the bones 
and muscles are thoroughly formed—resulting 
in much damage to the organism. Experience 
has proved that more results can be gained by 
drawing and clay modelling than by all the 
other occupations combined. Clay modelling 
properly taught gives a better idea of form 
than any other medium, because in delineation 
or drawing one view only is presented on a flat 
surface, and in modelling the form is made in 
the round. 

Modelling admits of individual work being 
done by every pupil according to his capacity. 
The endless series of forms that are possible, 
from the simplest balls or marbles to complex 
animal forms, makes it perfectly suited to all 
grades. Each time the child handles clay it 
is bringing into use its powers and instru- 
mentalities, the powers of observation, judg- 
ment, reason, and, at the same time, using its 
hands, eyes, and brain. 

In fabricating things it fabricates ideas; it 
is forming the habit of work, making firm the 
union between ‘‘ thought ” and ‘‘ action,” and 
acquiring neatness, invention, and creative 
capacity. 

[Here Mr. Tadd modelled a number of 
elementary forms in clay such as leaves, birds, 
fish, &c., to illustrate the simplicity of the 
work. ] 

Experience with large numbers of children 
and the teachers proves clay to be an ideal 
medium in education. Very large numbers 
can be instructed at once. It is inexpensive 
and requires little plant for equipment. 

Only the teacher that understands the tex- 
ture, care, temper and manipulation of clay, 
and is himself able to model, should teach 
modelling. 

Our entire endeavour has been to devise a 
method of elementary art education that would 
not interfere with the regular school studies, 
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that would not require too much time or too 
expensive an equipment. 

All attempts, heretofore, in these directions 
have been found utterly impracticable in the 
lower schools. Most of the systems devised 
require special teachers, expensive equipments, 
and more time than can be afforded. 

When children first come to school, they are 
filled with a superabundant amount of physical 
and mental energy. All the time they are 
awake they are generally moving with activity, 
and kave a devouring curiosity to seek out facts 
for themselves. As they go up through the 
various grades in the schools, this mental and 
physical energy diminishes, and becomes 
mental inertia and indisposition to action. 

During this period, the habit of sitting is 
formed, thus inhibiting the activities at the 
very period fixed by nature for the storing of 
mental and physical energy. 

This superabundant energy of childhood, 
that often annoys and worries ignorant teachers, 
should be used to energise the brain cells and 
every fibre of the being, and to form habits ; 
functional activity influencing growth, structure 
and power. , 

So-called ‘‘ bad,” naughty, or truant chil- 
dren are often nothing more than those who 
possess a superabundance ofthis energy. By 
and through these methods advocated, such 
children frequently become the best workers. 
The good teacher will take ‘idle curiosity,” 
make it “attention,” and through application 
and industry develop “ energetic desire.” 

I have said this work is not a mere accom- 
plishment, not a method for teaching neatness. 
It is not an economic scheme for merely 
making more money, but it is a mode of 
thought expression. It is a universal tongue— 
it is a mode of rendering thought definite. It 
compels observation, reflection, perception, 
and conception. It opens the mental eye, the 
eye of the understanding, the eye that looks 
all round and up and down. It opens the book 
of books—the book of Nature. It enables one 
to read the message that is stamped on each 
side of every leaf, that is printed on each side 
of every blade of grass, that is spun into the 
architecture of every shell, and that shines out 
of the heart of every crystal—a message of 
grace, of beauty, and of fitness. 

. This work, then, makes mind. It is a mod: 
of getting ideas at first hand. It is physio- 
logically and psychologically sound as a 
method. It compels the union of thought and 
action. It takes into consideration the powers 
of the instincts as they are exhibited on certain 


things, at certain periods, and in certain ways. 
It simplifies and unifies the courses of study. 
It compels attention, application, industry, 
self-reliance, self-control. 

Through another advancing set of ideas, it 
compels curiosity, then attention, admiration, 
awe, reverence, culminating in that wonderful 
group of ideas symbolised by the word ‘‘ adora- 
tion,” when the head and the heart unite in 
deeds of right. 

This, then, is the mission of right education 
and of the teacher, the noblest of the profes- 
sions ; in which the pay is perhaps small, but 
in which the care, the credit, the honour, the 
responsibility, are greater than in any other 
profession. This is a task worthy of our aim. 
Rightly performed, it will make us feel that we 
have, in some measure, helped forward the 
great cause of the progress of humanity, by 
giving to the children we teach, opportunities 
for self-realisation, self-perfection. 


Miscellaneous. 
—_—@————— 
CHESTNUT CULTIVATION IN FRANCE. 


The work of growing chestnuts and preparing 
them for the market is extensively carried on in 
France, and Lyons is the centre of this industry. 
Many varieties of chestnuts are grown in a number of 
Departments, and are called ‘‘Marrons” and 
‘‘Chataignes.”” The latter is the smaller, and the 
less desirable of the two. The marron is cultivated 
only by grafting, while the chataigne grows wild. 
Among the different varieties are the following :— 
‘‘Chataignes des Bois” (wild chestnuts), small, but 
of little savour; ‘‘Chataignes Ordinaires,”’ a little 
larger and taller than the former; the ‘ Yellow 
Spring,” early and very productive; “ Exalade,’’ the 
best of all; the ‘Pealone,” a large, good eating 
fruit. The best marrons are those known as 
“ Marrons de Lyon,” of which the fruit is large and 
almost round; the shell is thin, and the epiderm 
light ; the ‘* Dauphinoise,” the ‘‘Great Red,” the 
s Great Green,” the ‘* Partalonne,”’ the ‘‘ Pelagrine,”’ 
the “ Marron d’Aubray,” the “Manor d'Agen,” 
and the “ Marron du Luc.” In the Department of 
the Corrèze the favourite marrons are the “ Early 
Black,” the “ Early Red,” the ‘‘ Early May,” tke 
“« Humineaux,” the ‘‘Humincaux Rouge,” the 
‘‘Matronne,” and the “ Corrèze.” In some parts 
of France, in what are called the schist lands, 
chestnuts form a very important article of daily 
food. They are boiled, pulverised, and eaten 
like mashed potatoes. In every city, and nearly 
every village, during the autumn and winter, they are 
sold in doorways and at street corners fresh from 
large roasting pans. The chestnut occupies a con- 
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spicuous place in confectionery. Every confectioner 
buys them and prepares them. There are large 
establishments all over France where chestnuts are 
prepared. According to the United States Consul 
at Lyons, the principal one in that city employs from 
200 to 250 hands, chiefly girls and women. In this 
establishment over 25,000,000 lbs. of chestnuts are 
dealt with annually. In the preparation, the nuts 
are first peeled and then boiled in clear water, when 
the second skin is removed. They are then placed in 
a syrup highly perfumed with Mexican vanilla. It is 
said that this vanilla retains the perfume better than 
other kinds. The fruit is left three days in the syrup, 
and then set to drain. Afterwards it is treated toa 
thin coating of vanilla, packed in boxes, and shipped. 
The work of preparing chestnuts for the market goes 
on night and day for three or four months of the 
year, while the fruit is in condition. During the 
rest of the year the establishment is engaged in 
preserving other fruits. Chestnuts are grown in 
Limousin, Perigord, Cevennes, Alpes, Isére, Pyré- 
nées, Ardèche, Var, Auvergne, Sarthe, and in 
Corsica. The wood of the chestnut tree is con- 
sidered valuable for many purposes. It is strong 
and tenacious, and may be subjected for years 
to the influence of air, wind, or water, without 
decaying. In some places the trees are cultivated 
solely for the wood. It burns well and produces a 
great heat, but is considered dangerous as fuel on 
account of its tendency to throw out sparks. It 
makes excellent charcoal. The wood finds many 
uses in France. the smaller branches for hoops, bread 
tally sticks (short pieces containing a number of 
notches which mark the number of loaves of bread 
sold to a customer), lattice work, small baskets, 
supports for vines, ladders, &c. The tree flowers in 
May and June, and requires no special care in its 
cultivation on account of its hardy character. It 
flourishes in gravelly soil or shale. A calcareous soil 
is fatal to its growth. In many parts of France the 
trees have been planted on hill sides, and it is said 
that losses from inundations have greatly decreased 
in the Cevennes since these trees have been planted 
on the mountain slopes there. 


Correspondence. 
——_@—_—. 
FORESTRY IN INDIA. 


Under the heading, ‘‘ Forestry in Madras,” the 
Journal of the Society of Arts of the 28th June, 
1901, contains an article by Sir George King, in which 
he takes Mr. Rees to task for not pointing out in his 
paper on the Madras Presidency, that it was in that 
part of India where the earliest successful attempt 
was made to initiate an organisation for the preserva- 
tion and control of the forests. A letter on the 
same subject by Sir George Birdwood will be found 
in the Jvurnal of July 12, 1901. Mr. Rees, in his 


paper, has eight lines on “ Forest Conservancy,” in’ 


which he says :—‘‘ We should never forget, in Madras, 
that it was Sir M. Grant-Duff, who, with the aid of 
Sir D. Brandis, took steps to preserve and reserve 
the magnificent forests of the Presidency, and to con- 
stitute them a haven of refuge for its fauna and flora, 
as well as a fuel and fodder supply for its inhabitants.” 

No doubt, Mr. Rees would have done better to 
explain more fully what he meant. I do not think he 
intended to imply that forest conservancy was com- 
menced when Sir M. Grant-Duff was Governor of 
Madras; that happened much earlier; but he was 
quite correct in saying that the action of Sir M. 
Grant-Duff and Sir D. Brandis put forest con- 
servancy for the first time on a sound and rational 
basis. But when Sir G. King states that forest con- 
servancy dates from 1848 (when Lieutenant Michael 
was appointed to the charge of a timber agency in 
the Annamalays), then he is certainly at least as much 
in the wrong as Mr. Rees. That date is either too 
late or too early, according as to how the matter is 
looked at. As a matter of fact, attempts at forest 
conservancy commenced about a century ago, when 
a timber agency was established on the west coast 
of the peninsula. Various steps followed, which 
sometimes tended to improve the attempts at forest 
conservancy, and sometimes they had the reverse 
effect. The first substantial step was taken by Mr. 
Conolly, Collector of Malabar, who, in 1843, started 
the Nilambur teak plantations, which have now 
become of great value. This was five years before 
1848. In the latter year Lieutenant Michael was 
appointed to the charge of a timber agency in the 
Annamalays, an appointment which he held until 
1855, when he went on leave. During this absence in 
Europe he was, I understand, transferred to some 
other appointment. In 1856 Dr. Cleghorn was 
appointed Conservator of Forests in Madras; he 
started forest conservaney on more regular lines, and 
he did a great amount of good. Unfortunately, he 
was succeeded by a gentleman during whose tenancy 
most of the good done by Dr. Cleghorn vanished 
again, until, in the year 1881, His Excellency the 
Viceroy (the Marquis of Ripon) found himself bound 
to interfere. He vetoed a Forest Act sent up by the 
Madras Government, and directed his Inspector- 
General of Forests (Sir D. Brandis) to proceed to 
Madras, inquire into the system of forest manage- 
ment, and report to him. It was at this juncture 
that Sir M. Grant-Duff became Governor of Madras. 
With his powerful support, Sir D. Brandis worked 
out a revised organisation, which is the foundation 
of forest conservancy as now practised in Madras, 
This is what Mr. Rees meant, when he wrote the 
above-quoted few lines. Sir G. King, in his article, 
brings in my name as the author of a paper on Indian 
Forestry, read before the Colonial Institute in 1890, 
and he quotes from a speech of Sir Alexander 
Arbuthnot, in which that gentleman is represented 
as having found fault with my statements regarding 
the early history of the Indian Forest Department. 
As this is likely to produce an erroneous impression, 
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I must ask you to re-print what I said at the Colonial 
Institute. (Pages 199 and 204 of vol. xxi., 1889-90, 
of the Proceedings of the Colonial Institute. ) 

At page 199 I said :—“ The forest question com- 
menced to attract attention in the early part of this 
century, in consequence of which a timber agency 
was established on the west coast of the peninsula. 
Next we find, in the year 1843, Mr. Conolly, Col- 
lector of Malabar, planting teak on a large scale at 
Nilambur. Dr. Gibson was appointed Conservator 
of Forests in Bombay in 1847. In 1848, Captain 
Frederick Conyers Cotton caused the appointment of 
Lieutenant James Michael (now Major-General J. 
Michael, C.S.I.) as Forest Officer in the Annamalays, 
which post he retained for seven years. Dr. H. Cleg- 
horn became connected with forest conservancy in 
Mysore in 1847, and he was appointed Conservator 
of Forests in Madras in 1856. He was on special 
duty with the Government of India about the years 
1860-62, when he inquired into forest matters in the 
North-Western Himalayas and elsewhere. In the 
Central Provinces, Colonel Pearson was the first 
Conservator who took up forestry in a businesslike 
manner. These gentlemen and others were the 
pioneers of forest conservancy in India. Their action, 
though localised, caused the matter to be discussed 
and brought before the public, and it led, ultimately, 
to the organisation of a general Department by 
Dr. D. Brandis (now Sir Dietrich Brandis, K.C.1.E.). 
The latter was appointed Superintendent of Forests 
in Pegu in 1856. ..... In 1862 he was attached 
to the Government of India, and in 1864 appointed 
the first Inspector-General of Forests to that Govern- 
ment. He then went to work to establish the Indian 
Forest Department, and to introduce a systematic 
management of the forests. At first he devoted 
himself to the provinces directly under the Govern- 
ment of India; subsequently he was twice deputed 
to Bombay, and he totally reorganised the Forest 
Department in Madras in 1881-83, immediately before 
his final retirement from India.” 

On page 204, again, you will find the following :— 
“ The question has repeatedly been asked, to whom 
we owe the development of forestry in India. I think 
I am correct in saying that no single person can be 
considered to be the originator of the business, which 
grew up gradually, Every one of the pioneers of the 
Department helped in a greater or less degree, com- 
mencing from the early part of the century (the 19th). 
It was Sir Dietrich Brandis’s good fortune to arrive 
upon the scene when matters were ripe for a general 
move. He seized the opportunity promptly, and, by 
his remarkable ability and perseverance, carried the 
business to a successful issue. By saying that the 
name of Brandis must for ever be associated with the 
establishment of systematic forest management as 
now understood in India, we do not in any way de- 
preciate or forget the valuable services which the 
pioneers of the Indian Forest Department have ven- 
dered to the State, or the services of those who 
worked with Sir D. Brandis, or who followed him. 


Even now the development of systematic and scientific 
forestry in India is by no means a closed book; 
there is a great deal to be done yet, and a great 
many improvements to be effected. The im- 
portant point is, that the development of systematic 
forestry in India is considered something to be 
proud of; never mind who did it, or who shared 
in the honour of having accomplished a feat which is 
of such importance to the welfare of the Indian 
people, and, I may add, to the Indian exchequer—a 
consideration by no means to be despised in these 
days of low exchange.”’ 

These are the statements which Sir Alexander 
Arbuthnot tried to attack at the meeting of March, 
1890. I feel sure he would not have done so, had he 
looked at the full text as set down in the paper. 
Anyhow, it is a matter of astonishment and regret, to 
see that now efforts are made to belittle the great 
merits of Sir D. Brandis, apparently with the object 
of bringing into greater relief another of the pioneers 
of Indian forestry. W. SCHLICH. 

Cooper's-hill, 3rd August, rgor. 

[The publication of this letter has been delayed 
owing to the proof having followed Dr. Schlich to the 
Continent. ] 


Obituary. 


—— ee 
BARON NORDENSKIÖLD. — Baron Adolf Erik 
Nordenskiöld, professor of the Royal Academy of 
Sciences of Sweden, the distinguished Arctic ex- 
plorer, died at Dalbyo, on the 12th inst. He was 
born at Helsingfors, on November 18th, 1832, 
descended from a Swedish family long eminent in 
scientific pursuits. After various vicissitudes he 
settled in Sweden, and in 1858 commenced his Arctic 
travels by accompanying Torell to Spitzbergen. He 
continued his important Arctic explorations until 1875, 
when he sailed through the Kara Sea to the Yenisei, 
and ascended the river in a small boat, returning 
home overland. It was the first time any boat had 
succeeded in penetrating from the Atlantic to the 
great Siberian rivers. In July, 1878, Nordenskiöld 
started from Tromsoe in the Vega in hopes of accom- 
plishing the North-East passage. She was the first 
vessel to double the most northern point of the Old 
World, Cape Tchelyuskin ; she wintered near Behr- 
ing’s Straits, and once more free in July, 1879, 
reached Yokohama on September 2nd. In 1880, Pro- 
fessor Nordenskiöld was elected by the Council an 
honorary life member of the Society of Arts, “in 
recognition of the services he had rendered to science, 
especially in connection with his recent explorations.” 
He was created a Baron by the King of Sweden, and 
was appointed a Commander of the Order of the 
North Star. In 1883, he made his second voyage to 
the interior of Greenland, and succeeded in pene- 
trating with a ship through the dangerous ice-barrier 
along the east coast of that country south of the 
polar circle. 
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Notices. 
a 
“OWEN JONES” PRIZE. 


This competition was instituted, in 1878, by 
the Council of the Society of Arts, as trustees 
of the sum of £400, presented to them by the 
Owen Jones Memorial Committee, being the 
balance of subscriptions to that fund, upon 
condition of their expending the interest 
thereof in prizes to ‘‘ Students of the School 
of Art, who, in annual competition, produce 
the best designs for Household Furniture, 
Carpets, Wall-papers and Hangings, Damask, 
Chintzes, &c., regulated by the principles 
laid down by Owen Jones.” The prizes are 
awarded on the results of the annual com- 
petition of the Board of Education, South 
Kensington. 

Six prizes were offered for competition in the 
present year, each prize consisting of a bound 
copy of Owen Jones’s ‘‘ Principles of Design,” 
and a Bronze Medal. 

The following is a list of the successful 
candidates :— 


Hoare, Frederick, School of Art, Battersea. 
for a Printed Muslin. 

Barber, George W., School of Art, Macclesfield. 
Design for Decorative Panels in Wall Tiles. 

Gilchrist, Robert, Dalmarmmock Art Class, Glasgow. 
Design for a Rug. 

Kilpin, Jessie, School of Art, Leeds. 
Stained Oak Fire Screen. 

Mason, George, School of Art, Bradford. Design 
for a Printed Silk. 

Greenhalgh, Robert C., School of Art, Manchester, 
Design for Woven Hangings. 


Design 


Design for a 


The next award will be made in 1902, when 
six prizes will be offered for competition. 


Miscellaneous, 
a 


AUSTRALIAN HARD WOODS—fARRAH 
AND KARRI. 


The use of the two West Australian woods, Jarrah 
and Karri, especially for wood paving, is the subject 
of an article in the Kew Gardens Bulletin, which 
contains extracts from the “ Report upon the Forests 
of Western Australia,” by the late Mr. J. Ednie- 
Brown, Conservator of Forests in the Colony, first 
published in 1896, and re-issued in 1899. 

Within the last three years, the colony, from an 
indefinite and comparatively little known market, has 
bounded into a leader of export timber trade with 
most parts of the world. We are now very large ex- 
porters of timber to America, India, the Continent of 
Europe, and, of course, to Great Britain; and there 
are signs that before long we shall have considerable 
dealings in this way with progressive China and Japan. 

Over nearly all the world, and more particularly in 
England, there has arisen a wonderful demand for 
« Australian Hard Woods,” which, to a large extent, 
means those of Jarrah and Karri; and as the trees 
of these kinds are purely endemic to this colony, it 
follows that most of the quotations bearing this name 
refer only to the timbers of Western Australia. This 
fact is most satisfactory, and points emphatically to 
the value of our forests, and how necessary it is that 
they should be properly looked after by systematic 
conservation in order to ensure their permanency. 

Our timbers, from some cause, seem to meet the 
requirements of outside constructive works all over 
the world, and hence the demand for them. Again, 
perhaps, the great ‘‘ run” which is now being made 
upon the woods of the forests of Western Australia, 
apart altogether from the fact of their undoubted 
excellence, is that large quantities of the same kind 
of tree can be obtained from considerable areas with- 
out any material mixture of other kinds. This fact 
is, of course, of very great advantage to timber getters, 
in that it tends to very materially lessen the working 
expenses of moving machinery, and all the other 
expenses incurred in connection with the securing of 
large quantities of one particular kind of timber. 
Our timber trees are chiefly gregarious. This is, 
fortunately, particularly the case with the two 
principal kinds, Jarrah and Karri, although, as a 
rule, the former is always found forming a sort of 
fringe to the latter, but never the latter to the former. 
This peculiarity of specially- marked habitats for 
specific trees is a distinctive feature of the forests of 
Western Australia, and, as I have already indicated, 
is one of the points of strength in the disposal of her 
timbers. 

Something over one million acres of forest land 
have now been leased from the Government for the 
purpose of acquiring the timber upon them. This is 
chiefly Jarrah country, and embraces some of the 
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finest forests of that particular kind of tree. It has 
been taken up in blocks ranging in size from one to 
over one hundred thousand acres, and, although only 
a small portion of the whole is as yet being worked, 
the probabilities in this respect in the near future are 
immense, and will soon reach fabulous figures. At 
present there are only some forty saw mills at full 
work in our forests, but even in connection with these 
the following interesting figures have been collected :— 
Strength-power of mills, 2,554 horse power; number 
of all persons employed in connection with the work- 
ing of the mills, 2,580; number of horses and bullocks 
employed upon the works, 1,847; and length of 
private tramways and railways on the various proper- 
ties, 250 miles. Altogether it is calculated that, in- 
cluding their families, there is something like one- 


thirtieth of the population of the colony dependent 


upon the timber industry for its support. This is 
gradually increasing, so that it will be seen that 
forests play a very important part in the welfare of the 
colony. 


JARRAH (Eucalyptus marginata, Sm.) 


This is without doubt the principal timber tree in 
the Western Australia forests. It is predominant 
above all others in its extent of forest, the various 
uses to which it is or can be applied, the part which it 
is now taking in the great timber export of the colony, 
and the esteem in which it is held in the country. 
Jarrah and Western Australia are almost synonymous 
words, and, as this has been the case from the earliest 
days of the foundation of the colony, so it will 
remain as long as a Jarrah forest exists. I do not 
mean by these remarks to disparage in the least 
degree any of the other commercial woods of the 
country, but simply to emphasize the fact that 
Jarrah is the principal indigenous timber of this part 
of the Australian Continent. There are other timbers 
in our forests which are equally, if not more, valuable, 
for their own special purposes, but for general con- 
structive works, necessitating contact with soil and 
water, the timber of this tree stands foremost. 

The specific name (marginata) refers to the 
thickened margin of the leaves, and the vernacular is 
the name given to the species by the aborigines. In 
some districts the tree is known to the settlers as 
the ‘‘ mahogany gum.” 

It is not uncommon to find considerable areas of 
Jarrah forest where many of the matured trees attain 
heights of from go feet to 120 feet, with good stems 
3 tect to 5 feet in diameter, and 50 feet to 60 feet to 
the first branch. Such places would be described as 
first-class Jarrah forest. Taking an average, how- 
ever, of these forests, I think a Jarrah tree of a good, 
healthy stamp, and one representing a fair specimen 
of its kind, would run about 90 feet to 100 feet in 
height, and from 2} feet to 3} feet in diameter at the 
base. Under such conditions and in fairly favourable 
situations, trees of this size might be expected to be 
sound and convertible into good marketable timber 
without much waste. Of course, in places there are 


individual trees to be met with the measurements of 
which run into figures far in excess of those just 
mentioned. 

As regards the age of the tree when it has attained 
a diameter of about 2 feet, or has reached that stage 
when it may be considered fit for the saw mill, I have 
gone carefully into this question by having trees cut 
down and their concentric rings counted, and have 
come to the conclusion that in good situations it will 
attain this size when about 40 or 50 years of age. 

So far as my observations have extended, the 
Jarrah is confined in its distribution to what is known 
as the South-western Division of the colony, and 
this, I understand, is practically its geographical 
limits. This district lies along the western coast 
of the colony, between latitudes 31° and 35° south, 
and longitude 115° and 119° east. This means a stretch 
of country extending nearly 350 miles running north and 
south, and from 50 to 100 miles east and west, and 
embraces all that pertion of the country upon which 
the heaviest rains of the season fall, which measure 
40 inches in the south and 35 inches in the north. 
An average of 10 years shows the rainfall of this, the 
timbered district of the colony, as 38 inches. 

The late Baron Sir F. von Mueller, the great and 
well-known botanist of Victoria, said “ the Jarrah is 
famed for its indestructible wood, which is neither 
attacked by the borings of the Chelura, Teredo, nor 
Termite.” Its resistance to white ants is remarkable, 
and houses built of the wood when thoroughly 
seasoned are almost indestructible, and have been 
known to exist in perfect preservation for nearly 100 
years. It gets extremely hard with age and then 
becomes almost unworkable, even strong nails can- 
not be driven into it, and when struck the wood rings 
like a bell. Altogether, it is a remarkable timber and 
is highly suited for outside works. Should any decay 
or destruction have occurred in the timber after having 
been years in use, it will always be found that this is 
confined to the sap-wood, which therefore ought 
always to be avoided in the construction of houses or 
in other works of a permanent character. Unfor- 
tunately, sufficient attention is not always paid to the 
seasoning of the timber, and hence disappointment 
sometimes ensued. When used as flooring boards it 
should be specially seasoned, otherwise there will be 
much warping, buckling, and an unsatisfactory floor 
altogether; if seasoned before being laid, however, a 
better floor could not exist. 

The weight of the wood, when newly cut, is a 
little over 7o!bs. per cubic foot, which is reduced to 
60 lbs. when thoroughly seasoned. It is red in 
colour, polishes well, and is comparatively easily 
worked. 

Some of the principal uses to which it is as yet 
applied are as follows :— Wood - blocking, piles, 
jetties, bridges, boat-building, posts, furniture, and 
railway sleepers. It makes the best charcoal of any 
timber in the colony. Its adaptability for all kinds 
of out-door work is well known, and hence it is con- 
sidered the staple timber of Western Australia. The 
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suitability of the timber for piles or any works 
requiring immersion in salt or fresh water has been 
practically noted and is worth recording. In this 
office there are specimens which have been obtained 
from piles and girders 60 years old. These were 
driven and used in local harbours and bridges. When 
obtained for the Department, the timber appeared to 
be perfectly sound and free from any signs of decay 
whatever; if anything, the wood seemed to be 
harder, more solid, and apparently more durable 
than freshly-cut timber. At all events, it seem 
capable of standing wear and tear for 100 years 
longer. From its immersion in water, it certainly 
appeared darker in colour compared with newly- 
cut timber, but no decay whatever is apparent. 
Pieces of this wood have been converted into cups, 
card cases, and other articles, and the polish which 
they have taken on is equal to, if it does not surpass, 
the finest old mahogany. 

The records of this timber having lasted in the 
ground as fence-posts are almost without number, 
and need not, therefore, be particularised here. There 
are instances of railway sleepers which were laid down 
18 years ago and still appear as sound as ever. 


KARRI (Eucalyptus diversicolor, F. Muell.) 


This is the giant tree of Western Australia, if not 
of the whole Australian Continent. The latter remark 
is, however, disputed, but the assertion is made with- 
out much fear of contradiction. It is not so well 
known as the Jarrah, owing to the limited field of its 
growth aud the, at present, comparative inaccessibility 
of its haunts. 

The late Baron von Mueller was the first to give 
this tree its specific appellation (diversicolor), and 
this we are told by him bears reference to the paleness 
of the leaves upon their lower side, compared with 
eucalypts generally. The common or vernacular 
name is the aboriginal designation of the tree. 

In its young stage it can hardly be beaten as a 
highly ornamental tree, being regular in its growth, 
straight and umbrageous, its leaves changing in a few 
years from oval to the long broad ones which mark its 
more matured condition. There is no doubt that 
this is the finest and most graceful tree in the 
Australian forests. When mature, and attained to 
large dimensions, its appearance is grand in the 
extreme, and in this respect at least puts the Jarrah 
far into the shade. The trees are almost always of 
straight growth, and tower skywards for great heights 
without having even the semblance of a branch. So 
marked are they in these respects that they look like 
a mass of upright candles. The bark is smooth, 
yellow-white in appearance, but not persistent like 
the Jarrah. It, therefore, peels off in flakes each 
year, and thus the tree has always a clean bright 
appearance. In consequence of this it is frequently 
spoken of as a ‘‘ white gum,” although generally 
known as the Karri. 

The height of these trees is a most phenomena’. 


As a rule, an average tree may be put down at 
200 feet in height, 3 feet in diameter at 3 to 4 feet 
from the ground, and about 120 to 150 feet to the 
first branch. Trees of this size are generally sound 
in every respect, and may be expected to turn out 
timber free from the usual blemishes of dry rot, gum 
veins, &c., to which large trees are usually subject. 
Trees of this size are what one usually meets with in 
the Karri forests, but much larger specimens are, of 
course, run against now and again. For instance, on 
the Warren River, it is not unusual to meet with 
trees 300 feet in extreme height, over 180 feet in 
height to the first limb, and from 20 to 30 feet in 
circumference at the base. Of course, these are 
exceptional cases, but still they do exist. 

The Karri is strictly confined in its range to the 
south-western portions of the great South-Western 
Division of the colony, or that part lying between 
Cape Hamerlin on the west, and the Torbay Estate, 
near Albany, on the east. Its geographical area lies 
within longitudes 115° and 118° east, and latitudes 
34° and 35° south. This part of the country comprises 
the more humid portions of the temperate region of 
Western Australia, where the annual rainfall is from 
35 to 40 inches, so that one may safely say the tree 
delights in plenty of moisture. The region is purely 
coastal, and is very distinct in its general physical 
features from anything else in this way in the colony. 
Here we find immense forests of trees of straight and 
wonderful size, springing out of a rich soil, deep and 
spongy. The country is sufficiently undulating to 
make it in some parts what may be termed hilly, but 
not difficult of working by road or tram. In some 
instances we find the tree fairly close to the sea- 
coast, but in such cases it is scraggy, stag-horned, 
and branchy, and therefore not desirable for the saw- 
mill, or readily convertible into timber for marketable 
purposes. Still it is, undoubtedly, essentially a 
coastal tree, but yet shy of actual contact with strong 
direct sea breezes. In this respect it perhaps also 
resembles the Jarrah, if not the Zucalyptus genus 
generally. 

From aneroid readings, I found that the best 
Karri forests (that is, as regards size, soundness, and 
health of individual specimens) are to be found at 
elevations of from 300 to 600 feet above the level of 
the sea. This I found a fairly correct observation 
applicable to the whole area. 

The timber is red in colour, and has very much 
the appearance of Jarrah; indeed, so like are the 
two, that it takes a good judge to distinguish 
them. 

Altogether the timber is a most valuable one. For 
street blocking it is most valuable, and for this pur- 
pose seems to be equal to, if not better than, the 
Jarrah, in that its surface, by the wear caused by the 
traffic, does not render it so slippery for the horses’ 
feet. As is well known, this timber is now largely 
exported for the London street paving. It is also 
finding a ready sale in South Africa for mining 
purposes. 
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MALARIA AND MOSQUITOES. 


Major Ronald Ross, F.R.S., who read a paper on 
this subject before the Society of Arts in November 
last (see Ante, page 17), has visited Lagos in connec- 
tion with his campaign against mosquitoes in Sierra 
Leone, and the following is taken from the account of 
the progress of his mission received by the Liverpool 
School of Tropical Medicine, and printed in Zhe 
Times :— 

Sir William Macgregor, the Governor, introduced 
Major Ross to the Lagos Ladies’ League, and said 
that the primary object in forming this League, was 
as follows :—We have an appalling infantile mortality 
in the town. We lose 42 per cent. of all our children 
before they reach one year of age. In 1899 we lost 
864; in 1900, 842. The principal causes of death are 
fever and bowel complaints. Fever is our great 
enemy. It was to combat fever by the administration 
of quinine that the Ladies’ League was created. We 
are building additional dispensaries; we are earnestly 
trying to improve the water supply ; we are reclaim- 
ing swamps; we are delivering courses of public 
lectures on sanitation ; and a medical officer has been 
appointed for the sole purpose of attending the sick 
poor. But it was felt with all this that there would 
remain a residuum of the population which we should 
not be able to reach—and it was to reach it that the 
Ladies’ League was formed. The League to-day 
numbers 95 members, all animated by the right spirit 
to assist the less enlightened people of their country, 
to preach the use of quinine, the prevention of fever 
by scientific methods, and the cleanliness of private 
houses. 

The Romans were acquainted with the connection 
between fever and marshes, and even suspected 
mosquitoes. The same notion had arisen even in the 
wilds of Africa. Unfortunately, for twenty centuries 
philosophers and men of science had surrounded and 
obscured the subject with unfertile hypotheses. The 
disease had been attributed to water, to earth, to bad 
air without proof. The speaker continued by describ- 
ing the progress of research, and particularly the 
investigations of Major Ross, who first determined 
with experimental exactness the mode of infection in 
malarial fever, and concluded by referring to the vast 
importance and far reaching influence of his work, in 
the light of which steps were now being taken to deal 
with malaria. 

Major Ross, in thanking his Excellency for his 
speech, said that he had been on the point of believing 
that his countrymen were becoming an unscientific 
and unpractical people. More than two years ago 
the fact that malarial infection is communicated by 
mosquitoes had been established by the most stringent 
scientific and experimental proof; and yet to his 
knowledge practically nothing had been done by his 
countrymen to act on this new information, in spite 
of its economic importance. He had therefore 
accepted with alacrity the offer of a large sum of 
money and other facilities from a generous philan- 


thropist, and from Mr. A. L. Jones, Mr. John Holt, 
and others in England, to pay the expenses of 
practical work against malaria in Sierra Leone. This 
work had been commenced with every promise of 
success by his friend, Dr. Logan Taylor, and he had 
therefore felt himself free to proceed to Lagos t> 
watch the work being done there. He was delighted 
to find that his pessimistic attitude was not justifiable 
as regards Lagos. He strongly eulogised everything 
that was being done against malaria by Sir William 
MacGregor, himself a distinguished member of the 
medical profession, by his most able friend, Dr. 
Henry Strachan, and by the enlightened medical 
profession and the Ladies’ League in Lagos. He 
had witnessed the rapid and successful filling up of 
marshes by sand from the lagoons, and the 
rational utilisation of gaol prisoners for this 
useful work. He had inspected numerous houses 
rendered mosquito-proof by fine wire-netting, which, 
while it did not exclude the breeze, as he expected it 
would, did exclude insects and damp, much to the 
comfort of the inmates. He highly commended the 
efforts of the Government to induce their officials and 
others to take quinine—a prophylactic which was 
much neglected in consequence of ignorance and 
faddism. He expressed himself as much delighted 
with the popular sanitary lectures of Drs. Strachan, 
Best, and Rice —a most useful and striking innovation 
in Africa, or indeed anywhere. Above all, he was 
delighted with the admirable measures—prompted by 
the highest scientific knowledge—taken to preserve 
the important line of railway from the deadly fever 
of the forest tract through which it passed; and with 
the Ladies’ League, to which he offered, through the 
president, Mrs. Sapara Williams, an annual prize on 
behalf of the Liverpool School of Tropical Medicine. 
The speaker said that he had come prepared to teach, 
but had remained to learn; and concluded by exhort- 
ing all present to support Sir William Macgregor in 
the splendid work which he was undertaking, not 
only for the benefit of Lagos, but as an example to 
the rest of the Empire. 

Major Ross landed at Plymouth on his return from 
West Africa on the 2nd inst., and the following 
remarks by him on the work which is being done in 
Freetown and Lagos under his direction as leader of 
the expedition sent out by the Liverpool School of 
Tropical Medicine, has just appeared in Zhe Times. 

Major Ross said it was too early to speak of the 
gangs employed in sanitary work at Freetown, but 
the number of mosquitoes in the centre of the town 
had certainly been largely reduced. There were hardly 
any to be found in Dr. Logan Taylor’s house, where 
formerly they used to swarm, and the same state of 
affairs prevailed at Government House, where Major 
Ross stayed with the Governor. Dr. McKendrick, 
of the Indian Medical Service, who had been deputed 
to watch over the operations of the expedition on 
behalf of the Government of India, was not bitten 
once during a whole month. In former days he 
would certainly have been bitten at least five or six 
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times a day. Major Ross said he had no doubt that 
the expeditions would be successful, and that tbey 
would be continued as long as necessary. At Lagos 
the measures adopted by Sir William Macgregor 
were admirable and he was confident of success. 
The Governor of Accra, Major Nathan, was anxious 
to start similar work there at once, and doubtless 
experts would be sent out immediately by the Liver- 
pool School of Tropical Medicine. On the whole, 
Major Ross expressed himself as being well satisfied 
with his tour. Personally he did not think the health 
of the coast was as bad as was painted. He believed 
that by minute attention to details the place would 
be made as healthy as India for Europeans. Old 
West Africans were sober and careful, and generally 
live in very good health. It was the improvident 
newcomer who generally seemed to suffer. He had 
been informed that there was a high rate of mortality 
amongst such on the Cape Coast. 


VINE CULTURE. 


Sir James Blyth, Bart., has reported to the 
London Chamber of Commerce on vine culture, as 
exemplified at the Paris Exhibition, with the object 
of pointing out the lines which the wine production 
in the Colonies of the British Empire should follow, 
and an abstract of some of the chief points in this 
report are here given. 

Remembering that there are no fewer than fifteen 
hundred distinct varieties of the grape grown on 
French territory, and available for use in connection 
with wine production, and that Australia is some 
fifteen times the size of France, it will be seen how 
enormous are the possibilities awaiting the wine- 
grower in that continent, which in area, soil, and 
climate is said to be capable of rivalling Europe. 
Indeed, it would not be surprising if, before the lapse 
of many years, the British public were provided with 
pure colonial beverage wines, cheap as well as 
abundant, and possessing the additional advan- 
tage of having been produced by our own kith 
and kin. 

Sir James Blyth, in another part of the report, 
says:—In directing the attention of our Colonia] 
wine-growers and land-owners to the lessons they 
may learn fiom France and other countries as to 
choice of soil and situation, mode of culture, and pre- 
cautions against and remedies for vine disease, it is 
necessary to warn our colonists against attempting in 
any one district or expanse of country too much, in 
the way of producing for export many kinds of wine, 
merely because grapes will grow. If we look at 
France, we find a distinctive wine coming from a cer- 
tain territory, and making, away from its own country, 
a reputation in which it stands out as an article 
separate and generic. This advice is indeed hardly 
needful for some of our distributors of Australian 


wines, who have brought this prominently before the 


British public under distinctive names of their own, 
and without attaching to them time-wor titles by 
which the wines of the Continent of Europe are 
known to the consumer. 

In France, the vineyards are worked to-day on 
methods almost the same as have prevailed for genera- 
tions. In certain districts, and those producing the 
most valuable wine, as in Champagne, hoe and hand- 
labour is the rule; while in others, the plough, with 
either oxen or horses, is used. A slight preference 
of late has been shown to the horse, owing to his 
being a more expeditious, although perhaps a less 
reliable worker among the vines. 

The introduction of steam or electric power for 
cultivating the land, may probably change the whole 
system of working vineyards, as it is certainly gradu- 
ally changing the whole system of working farm- 
lands. 

Owing to the invasion of phylloxera, and the con- 
sequent scientific discoveries for the prevention or ex- 
termination, labour on the vineyards has become con- 
tinuous throughout the year. It is a common remark 
amongst the present proprietors of the Medoc, that in 
their fathers’ time the vines were simply pruned, the 
land ploughed four times a year, and the grapes 
gathered at the vintage, leaving all else to nature and 
the seasons. Now, from the moment the grapes are 
gathered, scarcely a week—certainly not a month— 
passes, but some process for the defence of the roots, 
the stems, or the leaves takes place. 

It is to be hoped that our growing enterprise in the 
Colonies will never have to pass through the experi- 
ence to which the vineyards of the old world have 
been subject in the last half century. About 1850 
appeared the oidium, which virtually destroyed the 
vineyards of Madeira and spread all over Europe. 

In 1861, the phylloxera first of all made its appear- 
ance. It was not until after 1875 that it obtained 
a seriously widespread hold upon the vineyards. It 
has taken France over twenty years to secure an 
almost complete mastery over the scourge. Other 
countries of Europe to which the phylloxera has 
spread have been, and still are, fighting this worst 
enemy of the vine, but with a knowledge derived 
from their neighbours which gives our present 
growers a great advantage. Without enumerating 
all the means which are used to treat the soil pre- 
ventively or remedially, one chief and efficacious 
method of reconstitution of the vineyards may be 
mentioned. It was found that in the American wild 
vine the root, which is the only part vulnerable to the 
phylloxera, was immune from its attack. Millions of 
these American stocks have been imported, or struck 
and grown in France, and upon them have been 
budded scions of the French vines, with the result 
that, apart from other remedial measures, the pest 
can thereby be defied. The loss of the past is, to 
this extent, gain for the future. Every vine grower 
has now at his command defensive and remedial 
means of fighting the foes of his vineyards. What 
to use and how to use it is at the disposal of all at 
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very short notice, and it can safely be predicted that 
never again will so much money value be lost before 
the remedy for oidium, phylloxera, or mildew is 
applied. 

Of the total number of 15,843 exhibits of wines 
and wine-spirit 11,928 came from France and her 
colonies, and 3,915 from all other parts of the world. 
And it is, therefore, not surprising that while these 
11,928 exhibits were awarded 4,005 honours, those 
from other countries obtained 1,109 honours only ; 
although it is at the same time noteworthy that 
nearly half of the highest awards—Grand Prix— 
namely, 37 out of 79, were given to foreign com- 
petitors. 

That France—with some 4,326,000 acres (1,730,451 
hectares) under vines—is easily first as the leading 
wine producer will be apparent from the following 
figures, showing that her production in 1900 was 
about half the yield of Europe, and considerably more 
than a third of that of the globe. 

The world’s production of wine in 1900, was 
3,618,700,000 gallons, of which France supplied 
1,482,000,000; French possessions (Algeria, Tunis 
and Corsica), 130,000,000 ; Italy, 583,000,000 ; Spain, 
517,000,000 ; Portugal, 139,000,000; Madeira, Azores 
and Canary Islands, 7,000,000; Germany, 80,000,000 ; 
Austria and Hungary, 114,000,000; Switzerland, 
35,000,000; Roumania, 92,000,000; Bulgaria, 
75,000,000 ; Servia, 27,000,000; Russia, 53,000,000 ; 
Greece, 20,000,000 ; Turkey and Cyprus, 49,000,000 ; 
Persia, 700,0c0; United States, 32,0c0,cco; Bolivia, 
Brazil, Mexico and Uruguay, 15,000,000; Argentina, 
41,000,000; Chili, 69,000,000; Peru, 49,000,000 ; 
British possessions: Australia, 5,500,000; Cape of 
Good Hope, 3,500,000. 

This quantity of 1,482 million gallons produced 
last year in France will be seen to be the more sur- 
prising when it is stated that only a decade ago the 
production of both Italy and Spain was almost 
identical with that of France, each country then 
producing about 600 million gallons annually; while 
in one year in the eighties Italy actually held the first 
place for quantity, France being second. 

Of the world’s production of 3,618 million gallons, 
3,403 million gallons were produced almost entirely 
in Europe, and 206 million gallons in America; 
while the British Empire, with a vastly larger 
area than Europe, and embracing, as we have 
said, every variety of soil and climate, is only re- 
presented by a production of some nine million 
gallons of wine in 1900, or a four-hundredth part 
of the whole. 

The magnitude of last year’s yield of 1,482 
million gallons may be appreciated when it is 
remembered that, enormous as is the beer consump- 
tion of thirty-four gallons per head for every man, 
woman, and child in Great Britain and Ireland— 
amounting to 1,360 million gallons—yet even this 
total was exceeded by 122 million gallons of wine in 
France in the 1900 vintage. This quantity will allow 
amply for all her exports, and yet provide a surplus of 
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wine for her own use fully equal to the annual beer 
consumption of the United Kingdom. It is interest- 
ing also to recall the fact that, while this enormous 
production of wine is more than enough for her 
current requirements, France has frequently in former 
years had to look to adjoining countries such as Italy 
and Spain, in addition to her own colonial possessions 
of Algeria, Tunis, and Corsica, to make up a 
sufficiency for the normal consumption of her national 
beverage. 

But beyond beiog noteworthy for abundance, 
France stands pre-eminent in this, that she is famous 
all over the world, not for one description alone, but 
for several entirely distinct varieties of wine; the 
reputation of all other countries being due to one 
specialty only. Thus Portugal, in the honour roll of 
wine, is famous for port ; Spain for sherry ; the Island 
of Madeira for madeira ; Sicily for marsala; Italy for 
chianti; Germany for hock; Hungary and our own 
Cape Colony for the luscious wines known as tokay 
and constantia. France, however, not only amongst 
ourselves but everywhere, is alike celebrated for her 
two distinct varieties of red wine, claret and burgundy ; 
her two varieties of white wine, chablis and sauterne ; 
and her two varieties of sparkling wine, champagne 
and saumur; while in spirits, no one would dispute 
her right to the highest place for her cognac 
brandy. 

It will probably be news to many that the initial 
cost of beverage wines in abundant vintages in almost 
every country of Europe is not far from being equiva- 
lent to the price of beer in this country. We of 
course except those coming under the category of 
Vins de Luxe, or the growths of certain favoured 
localities, which, by reason of special excellence, the 
demand of the connoisseur, or even passing fashion, 
possess an adventitious value often out of proportion 
to their intrinsic worth. These are, however, but a 
very small fraction of the whole. 

It is not too much to assume that wine might be 
distributed in this country at a little over the price of 
beer, if only the duty were proportionate to its possible 
cheapness as a beverage. France has, in fact, adopted 
the policy of treating beer and wine as articles taxable 
at much the same rate of duty. These two beverages 
are admitted within the city boundaries of Paris, 
which has lately lowered its octroi, ata mere nominal 
charge beyond the light duty levied by the State. 

At the end of the first sixty years of the past 
century the consumption of wine in the United 
Kingdom was the same as at the beginning— 
a little over seven million gallons. The effect 
of the great reduction of duty after 1860 was to 
double the consumption, which in 1870 had risen to 
fifteen million gallons, at which figure, notwithstand- 
ing the country’s great increase in population and 
wealth, it has practically remained for thirty years. 
The most unsatisfactory feature and the most con- 
vincing argument concerning the unwisdom of the 
increase of duty last year, was that the consumption 
of wine in the United Kingdom in 1900 was 
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nearly a million gallons less than in tke previous 
year, 1899. 

The merits of the fiscal policy on this question of 
Great Britain and France respectively may best be 
illustrated by giving the recent utterances of the 
Finance Ministers of the two countries. 

In his last Budget speech, in April, 1901, Sir 
Michael Hicks-Beach, our Chancellor of the Ex- 
chequer, who had raised the wine duties all round in 
the previous year said :—I turn to wine—it is a falling 
revenue—nothing can be got out of wine—absolutely 
nothing.” 

A month later, in May, 1901, M. Caillaux, French 
Minister of Finance, informed the Cabinet that the 
application of the new law which reduced the duty on 
natural beverage wines, placing them on the same 
level as beer, had “in the first four months of the 
present year resulted in an increase of 50 per cent. ; 
the consumption of white wine having largely replaced 
that of absinthe.” 

Champagne.—The exhibit at Paris, in which all the 
principal shippers were represented, illustrates the 
various stages of the production of champagne from 
grape to goblet. 

One stood in a building apparently surrounded by 
a forest of grape-stocks, stretching far into the 
distance, and under its roof was collected a microcosm 
of the whole procedure in appliance and manipu- 
lation. 

It may here be stated that not only is champagne 
naturally fitted to stand without a rival in its own 
category, but the geological formation underneath the 
surface in the champagne district admits of vast 
cavernous cellars being easily burrowed in the grey 
chalk, thus forming an ideal storage for the wine 
during the various operations which bring it to perfec- 
tion for the market. In the cellars of Reims and 
Epernay—to name only the two chief headquarters of 
the champagne trade—lie many millions of bottles in 
preparation for shipment, and at times millions of 
gallons in cuves or vats—the word explaining the 
term cuvée, so familiar to champagne buyers, which, 
translated, simply means “‘ a vatting.” 

Saumur.—We must not, however, leave the cate- 
gory of champagne without turning to an exhibit of 
a wine, the trade in which has of late assumed great 
dimensions—namely saumur, a sparkling wine of 
real merit, but which only (from the lack of certain 
characteristics hard to define) just falls short of the 
highest excellence in quality, which always, in articles 
of commerce, commands a price out of proportion to 
the actual superiority which can be discerned. Its 
rapid progress should be a great encouragement to 
our Colonies to enter upon the sparkling wine 
industry. 

Saumur, it may, however, be safely asserted, could 
not have existed as a world known variety in the 
French sparkling wine trade, if the locality had 
not, to even a greater extent than the region of 
Champagne, possessed ready-made storage of 
great extent and suitability. The subterraneous 


quarrying-out of limestone has, in the Saumur 
district of the Touraine, left vast caverns which 
are, available for the storing and preparation of the 
millions of bottles of saumur wine which are now 
consumed wherever civilisation has extended. The 
local storage facilities in Champagne and Saumur 
must not be lost sight of by our Colonial brethren, if 
this branch is to be successfully developed. 

Port.—Port wine, as we know it in this country, is 
not a ‘‘ natural” wine in the sense in which we have 
used and explained that term. The “natural” wine 
of the Douro is a full red wine, coarser and fuller- 
bodied than true claret, and is the ordinary beverage 
in the country itself, under the name of consumo, 
besides being largely exported to the Brazils. It 
probably would not be popular in this country, with 
the choice of clarets and burgundies before us, 
whereas ‘‘ port,’’ which it becomes when checked in 
its normal unassisted development, is a wine suited 
to our climate at all times as a stimulant, used as it is 
in small quantities, and not as a voluminous beverage 
such as vin ordinaire or beer. 

Although many are under the impression that the 
present form and characteristics of port and its suit- 
ability for transit over long distances are due to 
scientific investigation, these are far more the result 
of what we call chance than is either known or 
imagined. For example, perfect as is the procedure 
now observed in the production of port wine, it was 
mere accident, or perchance necessity, which occa- 
sioned that method in the first instance. When the 
war with France debarred this kingdom from the 
import and enjoyment of her red wines, probably 
differing but little from those now shipped, a substi- 
tute was sought in Portugal, our ally. As, however, 
her wines in their natural state would not stand the 
voyage, the addition of alcohol cured their want of 
stability and made the wine strong, but lacking the 
characteristic sweetness which rendered it agree- 
able to the palate. Gradually, therefore, the port 
wine as we know it was evolved; the fermentation 
was checked at a very early stage, and the natural 
sugar thereby retained, with the result we have 
mentioned. In fact, nearly all preserved wines, 
whether port, sherry, madeira, or marsala, owe their 
individuality to accidental experiment in order to 
preserve their qualities while travelling, to the great 
benefit of both producer and consumer, if we would 
only recognise that by the addition of brandy they 
are no longer beverage wines. | 

After an experience of almost every wine made 
upon the surface of the globe, I venture to affirm that 
port is a wine which up to now has not been approxi- 
mately initiated away from its native locality on the 
river Douro. There is, among the productions grown 
outside France, much more similarity to claret, 
burgundy, champagne, or cognac brandy than there 
is to the true port. The honour, therefore, of match- 
ing this hitherto inimitable wine may yet be won by 
our own brethren in the Colonies, though Europe has 
been baffled in the endeavour. 
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POST OFFICE, 1901. 


The Postmaster-General has just issued the Forty- 
seventh Annual Report of the Post Office for the 
year ended March 3tst, 1901, which contains the 
following statistics of the various departments of 
work. 

Postal Packets.—It is estimated that the number of 
postal packets delivered in the United Kingdom 
during the year was as follows :— 


Average 
Increase g 
— Number. per nuai te 
cent: person 
Letters essere 2,323,690,000 3'4 '6°7 
Postcards.............esse0008 419,000,000 4°7 10°2 
Rook packets & circulars 732,400,009 42 17°9 
Newspapers............000085 167,800,000 2°7 4I 
Parcels (actual number) 81,017,009 7'4 2'0 
Total ............ | 3»723,817,000 38 go°8 


The letters have increased by 23 per cent. since 
1896-7, the year previous to the Jubilee reduction of 
postage ; and a large part of the increase has been in 
the rural districts. The letters delivered in London 
last year show an increase of 5 per cent. on the 
previous year. The remarkable increase in the 
number of circulars and book packets is largely due to 
the general election. 

The growth of Parcel Post business has been 
exceptional. Parcels have increased 27 per cent. since 
the reduction of postage in 1897. Of the total 
number delivered in 1900-1, 69,612,956 were rail- 
borne, while 11,403,916 did not pass over a railway. 

The number of letters registered in the United 
Kingdom was 17,729,869, an increase of 9:1 per cent. 
over the number in the previous year. The number 
of parcels registered was 940,025, the increase over 
the number in 1899-1900 being 12:2 per cent. 

The number of undelivered postal packets during 
the year, were: letters, 9,786,870; postcards, 
1,619,391; book packets and circulars, 11,911,614; 
newspapers, 627,642; parcels, 227,252. 

More than 382,000 postal packets addressed to 
South Africa were returned to this country as unde- 
liverable ; and nearly 25,000 letters sent from the 
South African Field Force to addresses in this country 
could not be delivered, and had to be sent back. 

No fewer than 345,690 packets were posted unad- 
dressed. These contained £251 in cash and bank 
notes, and £7,203 in bills, cheques, postal orders, 
stamps, &c. 

The total value of property found in undelivered 
letters, which had to be opened in the Returned 
Letter Office, was £681,335. 

Money Orders.—The following comparative state- 
ment of the number and amount of the Orders dealt 
with during the year shows an increase at almost 
every point :— 


The total amount of inland Orders (ordinary tele- 
graph and Government offices) was 11,375,518 for 
£34,454,859. Ihe amount of Foreign and Colonial 
Orders was 567,707 for £1,530,458. 

The increase in ordinary Inland Orders (5:2 per 
cent. in number and 8:6 per cent. in amount) is by 
far the largest for many years past. 

The increase in Inland Telegraph Orders was again 
very large, and the total amount remitted exceeded 
£1,128,000. Since the rates of commission on Tele- 
graph Orders were reduced in February, 1897, the 
number has increased by 130 per cent. 

The average amount of an ordinary Inland Order 
was £2 19s. §d. (or 1s. 11d. more than last year), and 
of an Inland Telegraph Order, £3 Is. 2d. (or 2s. 10d. 
less than last year). 

Postal Orders.—The number of Postal Orders 
issued to the public during the year was 85,390,029, 
representing £29,881,726. The produce of the 
commission on these orders was £359,296. The 
orders have increased 3:98 per cent. in number and 
4°36 per cent. in amount during the year. 

The value of the stamps affixed to Postal Orders 
by the holders during the year was £180,140. 

Post-office Savings Bank.—During the year ended 
the 31st of December, 1900, 14,969,849 deposits were 
made, the total sum deposited being £40,516,436 ; 
the withdrawals numbered 5,406,347, the total 
sum withdrawn being £38,231,372- The sum of 
£3,145,978 was credited to depositors as interest ; 
and the total amount due to these at the end of the 
year was £135,549,645. The amount added in the 
year to the total credit of depositors has steadily 
fallen from £10,230,000 in 1896 to £5,431,090 in 
1900. On the other hand, as shown subsequently, 
the amount of Government stock held by de- 
positors in the bank increased during 1900 by 
£ 2,000,000. 

Telegraphs.—The number of telegrams sent over 
the wires of the Department during the year was 
89,576,961, Showing a decrease of 92 per cent. 

The estimated value of railway free telegrams is 
£50,866, and of Government free telegarms £28,014, 
making a total of £78,970. 

During the year 324 new telegraph offices were 
opened, including four at railway stations. 

Telephones.—The number of post offices open for 
trunk telephone business on the 31st of March last 
was 312, an increase of 13 inthe year. The trunk 
circuits in use consisted of approximately 76,831 
miles of wire, and 7,700 miles of wire were in course 
of construction. Out of the sum of £2,300,000 
authorised by Parliament for the purchase and 
development of the trunk system, the expenditure up 
to the 31st of March last was approximately 
£1,695,822. The expenditure during the year was 
approximately £164,189. 

In the City the greater part of the underground 
work has been completed. About 160 miles of pipes 
have been laid, into which about 20 miles of cables 
(each containing from 200 to 434 wires) have already 
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been drawn. In the other districts (Westminster, 
Kensington, &c.) about 110 miles of pipes have been 
laid, and about 16 miles of cable drawn in. As soon 
as these sections of the system have been completed, 
work will be commenced in other parts of the metro- 
politan area, but a considerable time must, of course, 
elapse before the whole area can be served. 

The revenue from the Post-office telephone and 
private wire system was £155,694, as against 
£148,250 in the previous year. The rates were 
reduced during the year, and subscribers were given 
the option of renting their circuits at inclusive or at 
toll rates. 

The amount of the royalty paid by the National 
Telephone Company was £140,448. 

Post-offices.—The total number of post-offices open 
on the 31st of March last was 999 in London; 
England and Wales, 15,876; Scotland, 2,306 ; 
Ireland, 3,008 ; making a total of 22,189. 

The total includes 249 additional offices opened 
during the year. Of the 22,189 offices, 13,394 are 
open for money order and savings bank business, and 
9,171 for telegraph business, which is also transacted 
at 2,341 railway stations. 

The number of letter boxes was increased during 
the year from 32,593 to 33,590. 

Finance.—The postal revenue of the year, including 
the value of services rendered to other departments, 
has been £13,995,470, an increase of £601,135 on 
that of the previous year. The postal expenditure 
has been £10,064,903, an increase of £380,904 on 
that of the previous year. The net profit was thus 
43,930,567, or £220,231 more than last year. 

The telegraph revenue of the year, £3,459,353, 
shows a decrease of £1,139, and the telegraph ex- 
penditure £3,512,569, an increase of £63,485 upon 
the previous year. The net deficit on telegraphs was 
thus £353,216, or £64,624 more than last year. If 
allowance be made for interest on the capital— 
4£10,868,663—created for the purchase of the tele- 
graphs, the deficit on the year is raised to £652,104. 


MINES AND QUARRIES, 1900. 


The second part of Dr. C. Le Neve Foster's, 
F.R.S., General Report, containing statistics re- 
lating to persons employed and accidents at mines 
and quarries in the United Kingdom, has just been 
published, and the following particulars are taken 
from this Report :— 

Persons Employed.—The total number of persons 
employed at mines and at the quarries under the 
Quarries Act in the United Kingdom and the Isle of 
Man during the year 1900 was 908,412, of whom 
814,517 were employed in or about mines, and 
93,895 in or about quarries. 

Mines,—Of the 814,517 persons employed at mines, 
644,242 worked below ground, and 170,275 above 
ground ; of the latter, 5,223 were females. Com- 


pared with the preceding year, there is an ircrease of 
40,615 males working below ground, and an increase 
of 9,674 males, and of 62 females working above 
ground, making a total increase of 50,351 persons. 
The increase occurred entirely at coal mines, The 
total figure is the largest yet recorded. 

At iron and *‘ other ” mines there was a decrease 
of 1,345 persons, 54 of whom were female workers. 

Quarries.—According to the returns reccived by 
the inspectors, 93,895 persons were employed during 
1900 in and about the quarries of the United King- 
dom which fall under the Quarries Act, 1894. Of 
the total 93,895 persons, 60,631, including 10 females, 
worked inside the actual pits, holes, or excavations ; 
whilst 33,264, including 45 females, were employed at 
factories and workshops outside. 

Compared with 1899, the number of persons em- 
ployed inside quarries shows a decrease of 3,528, and 
the number outside quarries a decrease of 572 persons. 

The returns which have been received under the 
Quarries Act, 1894, since that Act came into force, 
have given the following totals of persons employed 
inside :— 1895, 53,915; 1896, 56,123; 1897, 58,845; 
1898, 62,752; 1899, 64,159; 1900, 60,631. 

Accidents.—In 1900, 1,123 separate fatal accidents 
occurred in and about the mines and quarries of the 
United Kingdom, causing the loss of 1,177 lives. 
Compared with the previous year, there is an increase 
of 91 in the number of fatal accidents and an increase 
of 88 in the number of lives lost. 

Of the 1,123 separate fatal accidents, 999 causing 
the loss of 1,050 lives happened at mines, and 124 
causing the loss of 127 lives happened at quarries. 

At mines there is, as compared with the pre- 
vious year, an increase of 84 in the number of fatal 
accidents and an increase of 78 in the number of 
deaths. 

The worst accident during the year was an explo- 
sion of firedamp at the No. 3 Old Boston sinking pit 
of the Haydock Colliery in Lancashire, which caused 
the loss of eight lives. With the exception of this 
disaster and an explosion of firedamp at Portland 
No. 5 Pit, Ayrshire, which caused the loss of six 
lives, no fatality claimed more than five victims. 

The gain in safety can be more correctly measured 
by comparing the actual death-rates per 1,000 persons 
employed, expressed either numerically or graphically. 
In the early fifties the underground death-rate was 
more than 5 per 1,000, whilst, taking all the mines to- 
gether, both under the Coal Mines Acts and Metal- 
liferous Mines Acts, the average death-rate of the 
underground workers in 1900 was only 1°445; this is 
slightly higher than the corresponding figures for the 
two previous years, though lower than the average 
for the last ten years, 1'586. 

The total number of fatal accidents which happened 
in and about the quarries of the United Kingdom 
under the Quarries Act, 1894, was 134, or 7 more 
than in the preceding year. The total number of 
deaths was 127, or 10 more than in 1899. Of these 
124 separate accidents, 112, causing 115 deaths, hap- 
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pened ‘inside’ the quarries, and 12 causing 12 
deaths ‘‘ outside.” 


Fatal Accidents and Deaths, arranged according to 
Place or Cause. 


Comparison 


Fatal Accidents. with Pre- 
ceding Year. 
Place or C Sele JSF 
or Cause |= vig ad ‘ . 
of the ~SElPEELS Sees 22) a 
Accident. ee sso S/S eq] Fo) S 
2 aw EZT Eav EZ e gc f 
E AT) S m OJE HTA] ao Q 
ZŽa SSS ássa] 2 
LESNA AS | 
I.—Underground | 
accidents: - ' 
1. Explosions of 
fire-damp or 
coal dust....... 25 | 2'5 45] 43 + 2—9 
| | 
2. Fallsof ground 495 | 49°O | 509 | 385 | +52 +53 
3. Shaft acci- i | 
dents ........... 83 8°3 86| 82| + 2 | + 3 
4. Miscellaneous 281 | 281 | 291 | 277 | +34 | + 33 
II.—Surface acci- | 
dents.......... 115 | 11's 119 | 11°30) — Q= 2 
Total...... | 999 |100°0 1,050 | 100°0 | +84! + 78 


Winding by Electricity. —Mr. Hall (District No. 7) 
records the use of an electric motor for winding coal 
for a shaft 61 yards deep at St. Helens; and Dr. Le 
Neve Foster (District No. 9) reports that a Belgian 
company has erected an electric winding engine at 
Frongoch Mine in Cardiganshire, and that another 
has been put up at Glasdir Mine in Merionethshire. 

Coal-cutting Machinery.—Some idea of the extent 
to which coal-cutting machinery is being employed in 
the United Kingdom may be obtained from the 
tables, compiled from the Inspectors’ reports, although 
the information is not quite so complete as is desirable. 
The number of mechanical coal-cutters employed in 
the United Kingdom in 1900 was 311. 


Kind of Machine. Total in use. 
Pick (Ingersoll or Sullivan) .......... I5 
Revolving bar......ceceseccsccesess 18 
Rotary “heading” .........00e00% = 21 
Toothed endless chain ........cccece 4 
Not stated 


oossoo epeeeeeeseeeseeves 93 


Total (E r E E E E E 3II 


Of these 311 machines, 240 were driven by com- 
pressed air and 71 by electricity. 

The total quantity of coal got by mechanical coal- 
cutters in 1900 was 3,321,012 tons. 

Dr. Le Neve Foster adds :—In last year’s report, 
I referred to the successful employment of the wire- 
saw by M. Fieuzet at underground slate quarries in 
the Pyrenees. You were pleased to send my assistant, 
Mr. G. J. Williams to France to study the question 


on the spot, and I am glad to find from his report 
that he agrees with me in believing that the intro- 
duction of the wire-saw would conduce to greater 
safety and greater economy at some of the open and 
underground slate quarries in North Wales. 

Gold mining is being successfully carried on in 
North Wales (No. 9 District); 19,463 tons of quartz 
crushed at St. David’s Mine yielded on an average 
about 14 dwts. of gold to the ton, and the net profits 
for the year amounted to very nearly £40,000. 


NATURAL AND ARTIFICIAL INDIGO. 


The struggle between natural and artificial indigo 
continues to excite interest. The British Consul- 
General at Marseilles reports that the latter is killing 
the former on the French market. The artificial dye 
already regulates prices. The Badische Company 
have for two years been making indigo near Lyons 
for local consumption, while the Höchster Farbwerke 
are manufacturing synthetic indigo by another process 
in the same city. Artificial indigo is classed for 
Customs duty with natural indigo, and since goods 
dyed with it are not required to be declared as such, 
they are sold at similar prices to goods dyed with 
natural indigo. Lyons dyers of cotton and woollen 
goods and Lyons dealers in indigo say that natura 
indigo has been ousted from many dye works, 
especially since artificial indigo has been prepared 
by crushing. Small dyers favour synthetic indigo, 
because they can buy small quantities as required, 
and prices do not violently fluctuate. But as the 
vegetable dye gives more solidity to the cloth, it is 
still likely to be used for military uniforms. It is 
stated that synthetic indigo, which is delivered free 
at consumers’ works for 6s. 4d. per lb., costs the 
manufacturer only 3s. 7d. per lb. Dr. Calmette, of 
Lille, is said to have patented a process for extracting 
indigotine from vegetable indigo up to thrice the 
quantity produced by the more primitive methods. 
It is curious that the Bengal Chamber of Commerce 
have recently had to ask the Havre Chamber to 
abolish a rule under which indigo tendered in that 
important terminal market must be guaranteed to be 
manufactured by the ‘old’ process—a serious re- 
striction in view of the many new processes recently 
introduced. The request has been complied with, 
and certificates will not be needed after April 1 next. 
From the Consular report on Frankfurt-on-Main for 
1900, we learn that the Badische Company has 
borrowed 12,000,000 marks for the purpose of en- 
larging the production of artificial indigo and reducing 
its cost price. The company now claims to be able 
to supply one-sixth of the world’s requirements. The 
Höchster Farbwerke are also extending their indigo 
business. Natural and artificial indigo are both 10 
per cent. cheaper than last year, the policy of manu- 
facturers being to keep the price of the synthetic rather 
below that of natural indigo.— The Times, 
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Notes on Books. 


NATIONAL ART LIBRARY, VICTORIA AND ALBERT 
Museum. Classed Catalogue of Printed Books— 
Heraldry. London, 1901. 


In 1880, the late Mr. R. H. Soden Smith com- 
piled an alphabetical list, under author’s names, of 
the books on Heraldry in the Library, which was re- 
printed in 1884. This work being out of print, a 
classified list of English and foreign books on 
Heraldry has been prepared to take its place. The 
collection is gencral, being a library of reference for 
connoisseurs and art historians, as well as for con- 
noisseurs and art students who have to introduce 
heraldry into their designs. References are given to 
papers and articles in the transactions of societies, 
reviews, and other serial publications, as well as to 
books and pamphlets, but references to the examples 
of heraldic art in the library collections of drawings, 
prints, and photographs are not included. The 
arrangement of this catalogue consists of General 
Treatises, and then works on Heraldry in various 
countries, Ecclesiastical and Sacred Heraldry, Orders 
of Chivalry, Devices, Badges, Standards, &c., 
Armorial Bindings, Armorial Book-plates, Exhibi- 
tions, Bibliography. The work is completed by an 
index of authors’, heraldic, artistic, &c., and an 
index of subjects. An interesting series of illustra- 
tions is added. 


SUBJECT LIST OF WoRKS ON CHEMISTRY AND 
CHEMICAL TECHNOLOGY IN THE LIBRARY OF 
THE PATENT OFFICE.—KEY to the Classification 
of the Patent Specifications of Germany, Austria, 
Denmark, and Norway, in the Library of the 
Patent Office. London, 1901. 


The Patent Office has published a library series as 
a help to the readers in the library, and a sub-division 
of this series is that devoted to bibliography. The 
plan upon which these guides are compiled is alpha- 
betical, with a classification under certain large 
divisions. 


A CONTENTS-SUBJECT INDEX TO GENERAL AND 
PERIODICAL LITERATURE. By A. Cotgreave, 
F.R.Hist.S. London, 1900. 


This work by the Chief Librarian of the Public 
Libraries of West Ham, has been compiled to supply 
a want that he, as librarian, has found to be very 
general. In his preface he says: ‘‘ The chief aim of 
the work is not to give everything which appears in a 
select number of works on a few selected subjects, 
but rather to cover as many subjects as possible, and 
give a few references to each one.” This octavo 
volume of 744 pages covers a very large field : contains 
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references to articles in periodical literature as well as 
to books, and however incomplete it may be (no 
work of this kind, but must naturally be incomplete) 
it will doubtless be of much value to those for whom 
it is primarily intended—the readers of the West Ham 
Libraries. 

Many years ago it was the cherished aim of the 
bibliographer to prepare a thorough Bibliography of 
Literature, but the difficulties of attainment were so 
great that this is a desire which the world has out- 
lived. Now alphabetical catalogues are prepared, 
which serve the purposes of those who know what 
they want, while the still larger public who desire to 
be informed where certain information is to be found, 
are now being catcred for by Librarians. 


A LETTER AND TWO OTHER PAPERS on the Water 
of the Great Rivers of India as Essential to the 
Prosperity of the Nation, and the Only Possible 
Means of Preventing Famine, after Seventy-three 
Years’ Study of the Subject. By Major-General 
F. C. Cotton, C.S.I., late R.E. London: 
Rivington, 1901. 


General Cotton, who was Chairman of the Council 
of the Society of Arts in 1877, has reprinted an 
article of his on this subject from Blackwood's Maga- 
zine, and has added a special address to his brother 
engineers, urging them to follow up this national 
question, as well as another paper, entitled “ An 
Earth Spot ’’—a title which he explains as follows :— 
‘«‘ Astronomers tell us that there are occasional spots 
on the surface of the sun, which disfigure its usual 
brilliant and unbroken centre. The earth has its 
periodical spot also. And at this moment there is 
one disfiguring its surface in what ought to be its 
most brilliant portion—the British Empire. I need 
hardly say I allude to the terrible famine in India.” 
This supplement on Irrigation in India was published 
in the Journal last year (Vol. 48, p. 831). 


THE CHEMICAL ESSAYS OF CHARLES WILLIAM 
SCHEELE; Translated from the Transactions of 
Academy of Sciences, at Stockholm; first pub- 
lished in 1786; re-issued by Scott, Greenwood and 
Co. London, 1901. 


This work, which was originally published in 1786, 
contains a preface by Dr. Thomas Beddoes, who 
quotes the observation of a ncar relative of the cele- 
brated philosopher, Bergmann, “that the greatest of 
Bergmann’s discoveries was the discovery of Scheele.” 
The present re-issue contains a sketch of the life of 
Scheele, by Mr. John Geddes McIntosh, who con- 
cludes with these words, ‘‘ The writer has striven to 
do justice to Scheele; if he has failed, it is not for 
want of appreciation of Scheele’s superb genius, nor 
of the stupendous obstacles in his path, over which 
he invariably triumphed.” 
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THE LIBRARY. 


The following books have been presented to 
the Library since the last announcement :— 


Coghlan, T. A.—The Wealth and Progress of 
New South Wales; A Statistical Account of the 
Seven Colonies of Australasia, 1899-1900; New 
South Wales Statistical Register for 1899. (Sydney : 
W. A. Gullick, 1900.) Presented by the Agent- 
General for New South Wales. 

Corthell, E. L.—Report as Delegate of the United 
States to the Seventh International Congress of Navi- 
gation held at Brussels, July, 1898. (Washington 
Government Printing-office, 1900.) Presented by the 
Author. 

Cross and Bevan.—Researches on Cellulose, 1895- 
1900. (London: Longmans, Green and Co., 1901.) 
Presented by the Publishers. 

Davis, Frederick, F.S.A.—The Romano—British 
City of Silchester. (London: William Andrews and 
Co., 1900.) Presented by the Author. 

Denny, G. A.—Diamond Drilling for Gold and 
other Minerals. (London: Crosby Lockwood and 
Son, 1900.) Presented by the Publishers. 

Eissler, M.—The Metallurgy of Gold. (London: 
Crosby Lockwood and Son, 5th Edition, 1900.) Pre- 
sented by the Publishers. 

Emsley, J. W.—Social Questions and National 
Problems, their Evils and Remedies. (Bradford: 
2nd Edition, 1901.) Presented by the Author. 

Everett, J. D., M.A., D.C.L.—Deschanel’s Natural 
Philosophy. Part 3. Electricity. (London: Blackie 
and Son, Ltd., 1901.) Presented by the Publishers. 

Ferguson, J.—The Ceylon Handbook and Direc- 
tory. (Colombo: A. M. and J. Ferguson, 1901.) 
Presented by the Editor. 

Furnival, William J.— Researches on Leadless 
Glazes. 1899. Presented by the Author. 

Gerhard, W. Paul.—Theatres; their Safety from 
Fire and Panic; their Comfort and Healthfulness. 
(Boston, Mass.: Bates and Guild Co., 1900.) Pre- 
sented by the Author. 

Groves, C. E., F.R.S., and Wm. Thorp, B.Sc.— 
Chemical Technology. Vol. 3. Gas Lighting, by 
Charles Hunt. (London: J. and A. Churchill, 1900.) 
Presented by the Publishers. 

Hasluck, P. N.—Practical Draughtsmen’s Work. 
(London: Cassell and Co., Ltd., 1901.) Presented 
by the Publishers. 

Hinton, A. Horsley.-—Practical Pictorial Photo- 
graphy. (London: Hazell, Watson and Viney, 1900.) 

Ireson, Frank, B.A.—A Text Book of Book- 
keeping. (London: Macmillan and Co., Ltd., 1900.) 
Presented by the Author. 

Jacob, Col. S. S., C.I1.E.—The Jeypore Portfolio 
of Architectural Details. In six parts. Presented 
by His Highness the Maharaja of Jeypore. 

Kennedy, Neil, M.Inst.C.E.—Surveying with the 
Tacheometer. (London: Crosby Lockwood and 
Son, 1900.) 


Kessen, Wm. A.—A Spanish Grammar. (Edin- 


| Africa; 


burgh: Wm. Blackwood and Sons, 1900. Pre- 
sented by the Author. 

Mackenzie, A. T.—History of the Periyar Project. 
(Madras: Government Press, 1899.) Presented by 
the Author. 

Oldham, W. D. and W. E. Holland.—Practical 
Book-keeping. Part II.—Advanced. (London: 
Allman and Son, Ltd., 1901.) 

Penning, W. H., F.G.S.—Gold and Diamonds ; 
South African Facts and Inferences. (London: 
Baillitre, Tindall and Co., 1901.) Presented by the 
Publishers. 

Poole, W. M., M.A., and Michel Becker.—Com- 
mercial French. Part I. (London: Jobn Murray, 
1901.) Presented by the Publisher. 

Perkin, F. M., Ph.D. — Qualitative Chemical 
Analysis, Organic and Inorganic. (London: Long- 
mans, Green and Co., 1901.) Presented by the 
Publishers. 

Pitman’s Advanced Book-keeping ; Pitman’s Busi- 
ness Terms and Phrases, with equivalents in French, 
German and Spanish; Pitman’s Commercial Core- 
spondence in German; Pitman’s Commercial Anth- 
metic; Pitman’s New Era Geography Reader— 
Pitman’s Reporting Practice; Pitman’s 
Shorthand Instructor. (London: Sir Isaac Pitman 
and Sons, Ltd., 1900.) Presented by the Publishers. 

Rainfall Data of India, 1898. Issued by the 
Meteorological Department of the Government of 
India. (Calcutta : Government Printing - office, 
1899.) Presented by the Department. 

Résal and Alby.—Notes sur la Construction du 
Pont Alexandre III. (Paris: 1900.) Presented by 
the Authors. 

Scheele, Charles William, the Chemical Essays of. 
(London: Scott, Greenwood and Co., 1901.) Pre- 
sented by the Publishers. 

Sewell, Robert. —A Forgotten Empire (Vijaya- 
nagar). (London: Swan Sonnenschein and Co., 
1900.) Presented by the Author. 

Smith-Delacour, E. W.—A Shironga Vocabulary ; 
or Word-Book on the Language of the Natives in 
the District of Delagoa Bay. (London : Harrison and 
Sons, 1899.) 

Snailum, N. W. — Fifteen Studies in Book-keeping. 
(Cambridge : University Press, 1900.) Presented by 
the Publishers. 

Wallis-Taylor, A. J.—Tea Machinery and Tea 
Factories. (London: Crosby Lockwood and Son, 
1900.) Presented by the Publishers. 

Walton, Joseph, M.P.—China and the Present 
Crisis. (London: Sampson Low, Marston and Co., 
1900.) Presented by the Publishers. 

Watts, Francis, F.C.S.—Nature Teaching based 
upon the General Principles of Agriculture. (London : 
Dulau and Co., 1901.) 

Year Book of Australia for 1901. Presented by 
the Agent-General for New South Wales. 

Young, W.—Spon’s Architects’ and Builders’ 
Price Book. 28th Edition. (London: E. and F. N. 
Spon, Ltd., 1901.) Presented by the Publishers. 
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Notices. 
C 


PRIZES FOR DESIGNS FOR 
LURNITORE. 


The Council of the Society of Arts hold a 
sum of £400, the balance of the subscriptions 
to the Owen Jones Memorial Fund, presented 
to them by the Memorial Committee, on con- 
dition of their spending the interest thereof in 
Prizes to ‘‘ Students of the School of Art who, 
in annual competition, produce the best designs 
for Household Furniture, Carpets, Wall-papers 
and Hangings, Damasks, Chintzes, &c., re- 
gulated by the principles laid down by Owen 
Jones.” 

The prizes will be awarded on the results of 
the Annual Competition of the Board of Educa- 
tion, South Kensington. Competing designs 
must be marked ‘“‘ In competition for the Owen 
Jones Prizes.” 

No candidate who has gained one of the 
above prizes can again take part in the 
competition. 

The next award will be made in 1902, when 
six prizes are offered for competition, each 
prize to consist of a bound copy of Owen 
Jones’s ‘‘ Principles of Design,’ and the 
Society’s Bronze Medal. 


EXAMINATIONS, 1902. 


The Programme for 1902 is now ready, and 
can be had, price 3d., Post Free, on appli- 
cation to the Secretary, Society of Arts, 
Adelphi, London, W.C. The Examinations 
for Grade I. and Grade II. will be on similar 
lines to those of the present year, no important 
changes having been made. The proposal to 
add a third, or Advanced Grade, will not be 
carried into effect at the next Examinations. 


The Examinations will commence on Mon- 
day, 14th April, and will be concluded on 
Thursday, 17th April. 

The last day for receiving applications is 
Wednesday, the 19th March, 1902. 

The Practical Examination in Vocal and 
Instrumental Music will commence on the 
3oth of June. The last day for receiving 
applications is Monday, June 2nd. 

The questions for 1901 are included in the 
Programme. Those for the years 1896 to 1900 
inclusive can also be obtained (price 3d. each 
year) on application as above. 


Proceedings of the Society. 
—_——_ <> 
HOWARD LECTURES. 


POLYPHASE ELECTRIC WORKING. 
By A. C. EBORALL, M.I.E.E. 


Lecture I.—Delivered April 26th, 1901. 


The transmission and distribution of electric 
power by means of polyphase currents, has 
made such enormous progress in the States and 
on the Continent during the last seven years, 
that it is a matter of astonishment so little has 
been done over here in this direction. Single- 
phase plant (frequently of high frequency) is 
still put down, and single-phase systems are 
extended, in spite of the fact that this manner 
of working has absolutely nothing to recom- 
mend it at the present day, from either the 
commercial or technical point of view. But this 
state of affairs will not last, for the various 
large schemes now being carried out for 
supplying power in bulk to our large towns 
and manufacturing districts have lately brought 
the subject prominently forward. Such large 
schemes are only commercially feasible with 
polyphase currents, and there is little doubt 
but that with increased knowledge and experi- 
ence, polyphase working will take its proper 
place in this country, not only for heavy work 
such as the above, but also for smaller work, 
such as the driving of factories and works, and 
the operation of mining, rolling mill, and 
other special machinery, accompanied always 
by the necessary lighting work. 

The large experience already gained in 
polyphase engineering on the Continent and 
in the States, has led to the standardisation of 
the principles of working and in the design of 
the machinery employed, there being wonder- 
fully little difference at the present time bc- 
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700 kilowatts; 250 revolutions; 5,000 volts at terminals. 


INDUCTOR GENERATOR—ELEVATION AND SECTION. 


THREE-PH 
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tween the designs and methods of the first- 
class firms. Such firms, working independently, 
have made similar experiences, good and bad, 
with the result that the whole subject has 
settled down along well-defined lines. In these 
lectures, therefore, I propose taking up the 
leading features of polyphase working as they 
appear to-day, dealing, however, only with the 
machinery employed.* For the subject is so 
large that it is impossible to consider its many 
other branches in the comparatively short time 
at our disposal; a general treatment of the 
most important branch is alone permissible. 

To-night I shall deal with the fundamenta] 
points connected with the design and con- 
struction of polyphase generators, three-phase 
machines being more particularly considered, 
onaccount of their much greater commercial im- 
portance. For the field of employment for two- 
phase systems and machinery is comparatively 
narrow, a two-phase system offering no advan- 
tages over a three-phase system, while in certain 
respects it is inferior to it. 

Generators with copper disc armatures, as 
frequently made for lighting work in this 
country, are wholly inadmissible for poly- 
phase work, on account of the difficulty of 
arranging the windings of the individual 
phases to have the correct space relation, 
and because with these machines it is 
practically impossible to make a good con- 
struction of the armature, either electrically or 
mechanically. Machines of this class were 
only excusable in the days of high frequency 
single-phase working; quite apart from the 
poor mechanical design, the low armature 
impedance constitutes a great disadvantage 
from the points of view of effective parallel 
running (with slow speed engines), and reliable 
working. Modern polyphase generators, 
which opcrate at frequencies between 20 and 60 
cycles, are always of the ironclad type, that is, 
the armature windings (which may or may not 
be stationary), are embedded in holes or slots 
in a well laminated iron core. Such machines 
belong broadly to three distinct classes, 
according to the design of the field system, as 
under :— | 


].—Inductor machines. 
II.—Revolving armature machines. 
III.—Revolving field machines. 


*It has been found necessary to omit all the working draw- 
ings, together with the accompanying matter relative to the 
actual design of polyphase machinery. By arrangement with 
the Society of Arts, the complete lectures will be eventually 
published in book fo:m, together with additional material 
c om'nz under the heading of ‘* Polyphase Working.” 


I.—INDUCTOR GENERATORS. 


Figs. 1 and 2 illustrate the usual construc- 
tion of inductor generator, the principal 
feature being the absence of revolving wind- 
ings and sliding contacts. The single station- 
ary exciting coil (Figs. 1 and 2) acts upon the 


ARMATURE AND FIELD COIL OF 400 KILOWATT 
THREE-PHASE INDUCTOR GENERATOR. 


revolving iron mass, giving all the polar pro- 
jections upon one side a north polarity, and 
those on the other a south polarity. The 
important point to notice is that the magnetic 
flux is never reversed in the armature iron, but 
is merely continually rising and falling. There 
are two distinct armatures in this type of 
inductor generator, one armature being acted 
upon by a crown of N — poles, the other by a 
crown of S — poles; the two armature wind- 
ings are connected cither in serics or in 
parallel with one another, but preferably the 
former, as with the two windings in parallel, 
internal currents may circulate in them, due to 
small differences, very difficult to avoid, in the 
respective waves of induced E.M.F. 

In order that each armature may be the seat 
of a symmetrical alternating E.M.F., certain 
precautions have to be observed with regard to 
the arrangement of the armature winding re- 
lative to the inductor poles. When one side of 
a particular armature coil is being acted upon 
by a pole the other side of this coil must lie in 
the space between two poles. For overlapping 
windings, such as those illustrated in Fig. 2, 
and which are invariably used, the ratio of 
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pole breadth to pole pitch* must lie between 
the limits of about 1 and o'8 for all inductor 
generators, taking into account the spreading 
of the flux from the pole faces. 

In order to simplify and cheapen the con- 
struction, several constructors (notably Brown, 
Ganz, and Fynn) have staggered the poles of 
the inductor, and used a single armature 
winding carried right through. In this case, 
considering a particular armature bobbin 
belonging to one phase, half one side of 
this is acted on by a pole when the other half 
is lying in the gap between two poles. This 
arrangement is electrically and magnetically 
precisely similar to the one first described, 
having as a principal characteristic a non- 
reversing flux in the armature iron. 

From what has been said above it will be 
seen that in either type of inductor machine, 
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It is evident that, for inductor machines, Z 
must be taken as being Aa/f the total number 
of conductors ın series per phase. The dis- 
advantage of having a large amount of idle 
copper in the armatures of inductor machines 
is partly balanced by the gain which results 
front the non-reversal of the magnetic flux in 
the iron, for with the same core loss, a much 
greater flux density can be employed. On 
account of the complicated flux distribution in 
the armature iron, the flux density cannot be 
doubled, but can usually be increased about 70 
per cent.; the value for the permissible arma- 
ture flux density will usually lic between 70,00c 
or 80,000 lines per square inch at fifty cycles. 
For calculating the hysteresis losses in this 
type of machine, use may be made of the 
formula of Dr. Behn-Eschenburg*, or that of 


Kapp.t 


FIG. 3. 


ILLUSTRATION OF LEAKAGE FLUXES IN INDUCTOR GENERATORS. 


half the armature copper is inactive, and, 
therefore, with a given armature flux, double 
the number of armature turns are required for 
a given value of induced E.M.F. And in the 
general K.M.F. formula— 

j k- Na‘ Ze N 


+= 


10° 
Where ¢ = Induced E.M.F. per phase. 
»» Na = Useful armature flux per pole. 
», 4 = Number of conductors in series 
per phase. 


» k= E.M.F. factor. 
n x p 
» W = frequency = ————— 
60 


° For rotating armature and rotating field machines, the 
pole pitch is to be taken as the distance from centre to centre 
of the pole shoes at the air-gap. For inductor machines it 
is half the distance between the centres of two adjacent pole 
shoes at the air-gap. 


Machines of the inductor type have several 


, great disadvantages—(1) The leakage of the 
| field system seriously affects the performance 


of the generator ; (2) armature leakage is con- 
siderable, and plays relatively a greater part 
than with other types of machine; (3) the 
mechanical parts, such as shafts, etc., must be 
made relatively stronger. 

Regarding Nos. (1) and (2), reference to 
Fig. 3 may be made; in this figure, the paths 
of the main and leakage fluxes are shown. 
The flux entering the armature from a pole 
horn is marked Na, the leakage flux 
entering the armature from the inductor 
between the horns is marked #, the leakage 
flux of the armature is marked #2, and the 
flux that leaks from the flanks of the inductor 


* E.T.Z., 14th January, 1897 (No. 2). 
t Elektromechanische Konstruktioner, 1898 (Kapp). 
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to the iron case, pedestals, etc., is indicated 
by KET 

The flux 2, can be regarded as the leakage 
flux proper of the field system ; ir machines of 
the revolving armature and revolving field 
types this flux does not enter the armature at 
all, but merely leaks from N-pole to S-pole of 
the field system. Consequently, ıt may be said 
to have an indirect effect on the performance 
of the machine, for the only harm it does is to 
necessitate more ampere turns on the field 
system. But with inductor machines the case 
is different, for this leakage flux enters the 
armature from the gaps between adjacent pole 
horns, and induces an E.M.F. in the armature 
coils which should be idle—in other words, it 
generates a back E.M.F. inthe armature wind- 
ings. And in formula (1) for calculating the 
E.M.F., the value of Na must be taken as being 
the flux from one pole less the amount of the 
leakage flux, 2,. It follows, therefore, that a 
field leakage flux of 7#, lines in an inductor 
machine is equivalent to a leakage flux of 
2 n, in a revolving field or revolving armature 
machine, and extra ampere turns of excitation 
have to be provided, not only to overcome its 
effect on the field system, but also to annul 
the bad effects it produces in the armature 
windings. 

With generators belonging to either of the 
other classes, II. and III., the leakage flux %3 
exists, as a rule, to a small extent only, unless 
the field poles are alternately unwound. This 
flux is, as a rule, very considerable with all in- 
ductor machines, and the leakage co-efficient” 
is therefore relatively higher; the value of the 
latter is rarely less than 1'25, and generally 
considerably more, in spite of the small air- 
gaps (see below), which are absolutely neces- 
sary with this type of generator. 

The armature leakage flux, 72, exists in all 
alternating current generators, but its bad 
effects are felt much more with machines of 
the inductor type. The armature leakage flux 
is produced by the currents in the armature 
windings, and is the flux that produces the so- 
called ‘‘ self-induced E.M.F.’’ of the arma- 
ture ; strictly defined, it is the magnetic flux 
which is produced by the armature ampere- 
turns through a magnetic circuit not common 
tto the field flux or any portion of it. It must 
tbe remembered that when an alternating cur- 


For an excellent discussion of the leakage fluxes in in- 
‘ductor generators, refer to an article by R. Kando (E. T. Z., 
1896, No. 50). In the light of modern practice, however, Mr. 
Kando would doubtless modify certain conclusions and state- 
‘nents given i1 this article. 


rent generator is loaded, the armature ampere- 
turns produce magnetic fluxes which work more 
or less against the flux entering the armature 
from the field system, according to the value of 
the power factor of the load, as we shall 
see in Lecture IJ. The armature flux may 
be considered as having two components, 
one having the same path as the field 
flux, and which forms the ‘‘ armature re- 
action ” of the generator, and the other being 
a leakage flux #2, traversing local paths in the 
armature, as stated above. The value of m 
depends upon the length of the air gap, the 
shape and dimensions of the armature tecth, 
and upon the degree of saturation of the teeth, 
air gap, and pole-shoes, because its path is 
confined to that part of the magnetic circuit in 
the immediate neighbourhood of the armature 
coils. We shall consider this leakage flux at 
greater length later on, and will merely notice 
here that with inductor machines, its effect on 
the pressure regulation is a most important 
one. For not only does this flux cut the arma- 
ture coils that are active at the moment, but it 
acts upon the idle turns as well, for these are of 
course traversed by the same current. The 
whole of the armature winding carrying current 
is consequently acted upon by the leakage flux 
m2, and has an inductive E.M.F. induced in it 
in quadrature to the current. 

We now see that the idle copper on the 
armature of an inductor machine is really 
worse than useless, for it is the seat of reactive 
E.M.Fs. induced by the leakage fields. Of 
course, too, the idle turns are an extra source 
of loss on account of their ohmic resistance. 

To reduce the field leakages m, and 1;, 
and in order to reduce the excitation which 
would otherwise occur with the large magnetic 
flux, the air-gap ofan inductor machine must be 
kept as small as possible, and this gives rise to 
the third objection to the type stated above. 
For, as we have seen, in order to bring down the 
cost of the machine to a reasonable amount, a 
large flux density has to be employed, which is 
permissible on account of its non-reversing 
character. This flux traverses the short gap, the 
flux density in which is also high. This means 
that as the brasses wear, the magnetic pull on 
the inductor becomes greatly unbalanced, anda 
very slight amount of spring in the shaft may 
cause serious trouble. The shafts of all inductor 
machines must be made exceptionally stiff on 
this account, and the bearings should be extra 
long, no play in them being allowed ; in work- 
ing these machines, notice must be taken 
directly the smallest knocking or vibration is 
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set up, and the proper steps taken to ensure 
the inductor wheel being truly concentric with 
the armature bore. 

One very good feature is possessed by in- 
ductor generators, and that is, that the exciting 
power required is less than that necessary for 
generators of other types. The single exciting 
coil requires relatively fewer ampere-turns to 
drive the magnetic flux through the field system 
than do the many field coils of the ordinary 
multipolar machines, and then again the air- 
gap is relatively smaller, as stated above. 
Consequently, the efficiency of well-designed 
inductor generators comes out somewhat higher 
than that of machines of the revolving armature 
and of the revolving field types. On account of 
the defects of the type, the employment of poly- 
phase inductor generators for power work has 
now been given up by those firms who specially 
developed it for the purpose. Even under the 
most favourable conditions, such as high speed 
and moderate frequency (favourable to small 
magnetic leakage, on account of the large 
pole-pitch), this class of machine is, in sizes 
above 100 kilowatts, more costly to build for 
thts work (invariably associated with consider- 
able lagging currents) than corresponding ma- 
chines of the rotating field type, both types being 
put on the same basis with regard to electrical 
performance. For lighting, or other non-in- 
ductive loads, good pressure regulation is more 
easily attained, on account of the smaller im- 
portance of armature reaction and leakage (as 
will be seen later on), and consequently the type 
appears to greater advantage, provided that the 
conditions of speed, frequency, etc., are favour- 
able. As indicated above, the key to satis- 
factory performance consists in reducing the 
leakage fluxes to a minimum, and in choosing 
such proportions and values that these leakage 
fluxes increase as little as possible with the 
load. 

While holding the opinion that the inductor 
type of polyphase generator is unsuitable for 
power work in general, I consider that the type 
presents some distinct advantages for direct 
- connection to steam turbines, and that for this 
work, a well designed inductor machine is the 
best toemploy. In suchacase, the absence of 
sliding contacts and rotating windings (either 
field or armature) constitutes a solid advantage, 
while the very high speed of rotation will go 
far to cnsure a satisfactory performance, even 
on an inductive load. 

The armature windings of polyphase inductor 
generators do not differ from those of other 
types, presently to be dealt with. But with 


these machines, laminated field poles are a 
necessity, as the reluctance of the magnetic 
circuit is by no means constant, quite apart 
from the effect of the armature teeth. Conse- 
quently the armature windings of such machines 
can be (and usually are) arranged in one hole 
(or slot) per pole per phase, a condition espe- 
cially favourable to cffective insulation and 
cheap construction. 


II.—REVOLVING ARMATURE GENERATORS. 


Passing on now to a consideration of the 
second class of generator, namely revolving 
armature machines, we find that this type finds 
little favour in the eyes of modern designers. 
For except in small sizes, say up to 150 kilo- 
watts inclusive, it cannot be built cheaper than 
machines of the revolving field class, nor does 
the type offer any electrical or mechanical 
advantages. On the contrary, for large gene- 
rators (especially those for high voltages), re- 
volving field machines are preferable in every 
way, for the armature windings are stationary, 
and insulation is thercby rendered easicr and 
more secure. Moreover, should it be desired 
to provide the whole of the necessary flywheel 
effect in the rotating part of the gencrator (a 
course usually adopted), it is easier to put 
the necessary metal in a magnet whcel, 
rather than in an armature spider, and a 
better-looking mechanical construction, and 
one more easily balanced, is obtained. Prac- 
tically, the whole of the remarks made below 
on the subject of revolving field machines, 
apply equally to machines having revolving 
armatures, and on this account, and also 
because generators of the former type are now- 
adays invariably employed for all classes of 
polyphase work, further consideration of the 
revolving armature type is unnecessary here. 


III.—REVOLVING FIELD GENERATORS. 


We will now consider, then, the third class 
of polyphase generator, consisting of machines 
having external stationary armatures, and rce- 
volving magnet wheels. This type of generator 
has been selected by all the leading houses as 
being the best type to standardise for all heavy 
work, and it can safely be said to fulfil all the 
requirements in question. As indicated above, 
for very small machines, inductor generators, 
or revolving armature generators, are fre- 
quently built, but, on the other hand, many 
makers prefer the revolving field machine in 
all sizes, say from 40 kilowatts upwards. 

The difficulty with small machines of this 
class is purely a mechanical one, and consists 
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in finding sufficient room on the periphery of 
the yoke ring casting for the field poles, for 
the diameter of this cannot be increased 
beyond a certain limit on account of consider- 
ations of price. At 40 cycles and less there 
is no difficulty with the speeds usually em- 
ployed, while for ṣo and 60 cyles, the con- 
struction indicated in Fig. 4 (first used by 


FIG. 4. 


THREE-PHASE GENERATOR, with alternately wound 
revolving field-magnet. 


(Brown, Boveri and Co., Ltd., 220 kilowatts). 


Messrs. Brown, Boveri, and Co.) can be 
employed with success. As will be seen, 
it consists in winding each alternate field 
pole —the unwound poles are cast with 
the ring casting forming the yoke, and the 
wound poles are arranged for separately bolt- 
ing on. If the casting is iron, the cast poles 
must, of course, be of correspondingly larger 
section, in order to present, as nearly as 
possible, the same magnetic conductivity as 
the wound wrought iron or steel poles. 

This construction of field system has been 
found to possess certain disadvantages in 
practice. The magnetic leakage of the field 
system is greater, and it alters considerably 
with the load; also the unwound pole is 
weaker than the wound pole, and, conse- 
sequently, an unsymmetrical E.M.F. wave 
can result. Moreover, the machining and me- 
chanical construction generally is somewhat 
expensive, especially if laminated pole pieces 
are employed. For these reasons, such 
machines are rarely built except in small sizes. 

Coming now to revolving field generators, as 
usually constructed nowadays for all large 
work, we will first briefly consider the arma- 


ture windings for two and three-phase working. 
With the former, no matter how the phases 
may be connected outside the machine, the 
two sets of armature windings are quite distinct 
themselves, as can be seen from Fig.5, a, 6, and 
c. The armature coils of one phasc are quite 


Itc. 5. (a, b, and c.) 
(a) 


fÀ A 


© ¢ 


ONO OOO 


So w 


(2) 


ASS Sas 


(c) 
Fa, pretas § een Comns § erm beens S o> 
YOHDHOHOOO OOOOO OO 


DIAGRAM OF TWO-PHASE ARMATURE WINDINGS 
with wire-wound coils, and respectively one and 
two holes per pole per phase. 


Norte.—The method of winding shown diagrammatically in 
Figure 4 is equivalent to that shown in Figure c; the arrange- 
ment of the coils is alone different. For clearness, the ends 
of the coils of both phases (represented by solid and dotted 
lines respectively) are shown bent up; in reality the coils of 
one phase are straight (S), and those of the other bent (R), as 
indicated. 


straight, being simple rectangles, while those 
of the second phase are bent up and over the 
coils of the straight phase in order to clear 
them. It follows then that in a slow speed 
machine having a great number of poles, the 
resistance of the bent phase will be somewhat 
higher than that of the straight phase, but 
this difference is not large enough to trouble 
about. For heavy currents and low pressures, 
bar windings can readily be employed, pre- 
cisely equivalent to the wire-wound coils illus- 
trated, but distributed in more holes or slots 
per pole per phase. The end connectors can 
either be of two different shapes, corresponding 
to the two phases, or else the armature bars 
can be alternately long and short, necessitat- 
ing connectors of the usual shape in two layers. 
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FIG. 6 (a and b). 
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DIAGRAM OF THREE-PHASE ARMATURE WINDINGS, 
Illustrating the two standard methods of con- 
necting up the coils of the three phases, 


With three-phase generators, the distinguish- 
ing feature of the armature winding is that the 
three phases are interconnected, and the 
manner in which they are connected deter- 
mines the current output and terminal pres- 
sure of the generator. Thus with the star 
connection (Fig. 6a) the E.M.F. at the ter- 
minals of the machine at no load is 1°73 times 
that induced in any one phase, while the cur- 
rent per phase has the same value as the 
current per line wire. On the other hand, with 
the mesh connection (Fig. 64) the terminal 
pressure under similar circumstances is equal 
to the line pressure, but the line current is 1°73 
times the current per phase. The output in 
watts is evidently the same in each case. 

Owing to these current and pressure rela- 
tions it would be thought that low pressure 


Fic. 7. 


Voltmeter. ‘ 


THREE-PHASE MESH CONNECTION—Test for false 
currents. 


machines should be preferably arranged with 
mesh connected armatures. As a matter of 
fact, it is best to use a star winding under all 
circumstances, for with the phases mesh con- 
nected, should the E.M.F. wave differ from a 
pure sine wave, injurious internal currents will 
circulate in the windings, these being brought 
about by the component harmonics of high 
frequency. With machines of the type we are 
considering, it is easy to test a mesh connected 
armature for this effect; all that has to be done 
is to connect any two phases through a volt- 
meter as shown (Fig. 7) with the machine run- 
ning fully excited without load. If the effect 
is present, there will be a reading on the 
instrument, which should otherwise indicate 
practically nothing, Such internal cross cur- 


| rents, when present, not-only waste energy 
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in heat, but impair the pressure regulation of 
the machine, and tend to prevent good parallel 
running. 

It may be noted in passing that two and 
three-phase closed drum windings, such as 
would be obtained if tappings were made to a 
continuous current armature winding, are open 
to the same objection, and consequently 
should never be used except when absolutely 
necessary, such as for rotary converters. It 
has been claimed by the users of such windings 
that they exercise a mutual balancing effect 
upon an unequally loaded polyphase system, 
which is quite possible; in practice, however, 
the action of the motors and three-phase 
tranformers connected to the mains is found 
to be quite sufficient to take care of any 
unbalancing that may occur, provided that 
reasonable care is taken to distribute the 
load as equally as possible between the phases. 

(Zo be continued.) 


Correspondence. 


a 
FORESTRY IN INDIA. 


I have read with pain Dr. Schlich’s note on 
* Forestry in India” in the Journal of the Society of 
Arts of the 30th ultimo. The imputation in the last 
paragraph of an unworthy motive to the various 
eminent Indian officials who have at different times 
publicly recognised the incontestible claim of General 
James Michael, C.S.I., to be regarded as the 
practical pioneer of Forest Conservancy in India, is 
altogether unworthy of Dr. Schlich, and I am sure 
that he will himself be the first to regret it on seeing 
it in plain print. Sir Alexander Arbuthnot, Sir 
Charles Bernard, General Frederick Cotton, Sir 
Joseph Fayrer, Sir George King, Sir Clements 
Markham, and Mr. C. B. Thomas, Collector of the 
Coimbatore District, under whom General Michael 
worked in the forests of Coimbatore and Cochin, 
have all held responsible office and attained high 
distinction in the service of the Indian Government. 
They are all men who must know what they write and 
speak about ; when they, each in his own independent 
manner, state, in effect, that General Michael scored 
the earliest effective success in forest conservancy in 
British India, they are not for a moment to be 
suspected of being actuated in making such a state- 
ment by a desire “to belittle the great merits of Sir 
D. Brandis,” and ‘apparently with the object of 
bringing into greater relief another of the pioneers of 
Indian forestry.”’ 

As for anything that I may have said in praise of 
General Michael there is most fortunately the patent 


proof that it implied no disparagement of the pre- 
eminent services of Sir Dietrich Brandis. I wrote the 
Introduction to the Catalogue of the Contributions of 
the Government of India to the Forestry Exhibition 
held at Edinburgh in 1884, of which General Michael 
was placed in charge by the Government of India ; 
and after pointing out the snggestive and fruitful part 
Scotland had taken in promoting forest conser- 
vancy in India, through the action of the British 
Association when they met in Edinburgh in 1850, 
and through the labours of Roxburgh, Royle, and 
Wallich, the greatest of the pioneer botanists of 
India, and Hugh Cleghorn, the first, officially 
styled ‘‘ Conservator of Forests” in the Madras 
Presidency—all these men having been students of 
the University of Edinburgh—I went on to say :— 

‘‘Cleghorn carried out the organisation of the new 
department in Madras with such astonishing energy and 
success that he was soon called on to extend the sphere 
of his operations into the Punjab. He also afforded 
Mr. Dietrich Brandis, C.I.E., the most efficient 
assistance in introducing and systematically working 
conservancy in the forests of Bengal, and with the 
most satisfactory results. Brandis had previously 
done very distinguished forest work in Burmah, and 
in 1862 was appointed Inspector-General of Forests 
under the Government of India. From that time the 
successful future of forest conservancy in India was 
assured. The eminent scientific and administrative 
abilities of Brandis have been widely recognised; and 
to him we owe the introduction of the Indian Forest 
Acts, which, while strengthening the hands of the 
Government, have secured to the people the mainte- 
nance of all the ancient rights and privileges inherited 
by them from time immemorial. He, in fact, by 
his great capacity, his wise recommendations, and his 
personal example of enthusiastic devotion to duty, 
has made the Forest Department of India what it 
now is.” 

It happened that I was correcting the proofs of the 
Introduction, when General Michael unexpectedly 
entered my room, and on my reading over certain por- 
tions of them to him, he, in coming to the above quoted 
passage, objected that it was not explicit enough on 
the point of the statesmanlike insight and wisdom 
with which Brandis had, in his marvellous administra- 
tion, dealt with the prescriptive rights of the people of 
India in the forests. It irritates me to rewrite any- 
thing once in proof, but General Michael was resolute, 
and then, while he waited, I wrote the following 
footnote on the above word, ‘‘ immemorial ” :— 

‘“ One of the main difficulties with which the Forest 
Department almost throughout India have had to cope 
is that of the customary privileges of common. The 
people, especially the agriculturalists, have for genera- 
tions been accustomed to use the forests for cutting 
firewood, grazing, and even clearing for cultivation, 
without restriction. The exercise of these rights, 
without regulation, was tending to the certain de- 
struction of the forests, and, with the rapid increase of 
population under the British Government, was evcry 
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year becoming more injurious to the public welfare. 
It was, therefore, absolutely necessary to bring the 
Indian forests under some control; while at the same 
time, it was felt that to suddenly prohibit the tradi- 
tionary rights of the people in them would be most 
cruel and unjust. What therefore Brandis aimed at 
in his Acts was to forbid altogether the exercise of 
those privileges which were incompatible with the 
existence of the forests, and to allow others to as 
great an extent as possible. Thus in every locality 
some of the forest land is still left open to grazing and 
firewood-cutting, &c., and some is strictly closed for 
a period long enough to enable the trees on it to 
recover.” 

The remainder of the Introduction is taken up with 
a brief exposition of the Forestry Department of the 
Government of India, as completely reconstituted by 
Brandis; and I conclude with the words :— 

“ It is a happy omen also that the first International 
Exhibition of Forestry should have been held in the 
stately capital of Scotland, where scientific forestry 
throughout the British Empire received its earliest 
impulse, and that the Exhibition should be so much 
indebted for its prosperous issue to the co-operation 
of Colonel Michael, the pioneer of practical forestry, 
and of Cleghorn, the father of scientific forestry, in 
India.” 

Here, in a nutshell, is the solid, just, and righteous 
claim made for General Michael; and here, in a nut- 
shell, the comprehensive and unreserved afhrmation 
of the splendid genius and work of Brandis, for, great 
as he is as an administrator in forestry, he is greater 
still as a man. 

Scarcely less astray than these insinuations is Dr. 
Schlich’s retrospect of the initial history of forestry 
conservancy in British India. Thus in the second 
paragraph he writes:—‘‘In the latter year (1848, it 
should be 1847] Lieut. Michael was appointed to the 
charge of a timber agency [the italics are mine, for 
this is the second use in the same paragraph of this 
most misleading phrase] in the Annamalays, an 
appointment he held until 1855, when he went on 
leave. During his absence in Europe he was, I 
understand, transferred to some other appointment.” 
This indeed is ‘belittling’? the seven years of 
General Michael’s yeoman’s service to Indian forest 
conservancy, on the success of which so much, in the 
result, depended ; and, therefore, instead of following 
Dr. Schlich’s retrospect through all its details, for 
the personal controversy over General Michael is of 
quite secondary importance, I will reply to it in- 
directly, with an independent retrospect, abstracted 
from a summary prepared eleven years ago from 
official sources, expressly for the purpose of dis- 
covering the obscure beginnings of British Indian 
forestry, and placing the ascertainable facts on readily 
accessible record. The report, indeed, has long been 
in the hands of all interested in its subject, and I 
presume that Dr. Schlich’s retrospect is reduced from 
it, as he reproduces a conspicuous clerical error in it. 
So far back as 1807 the Government of Bombay 


assumed all communal rights over the forests of th:t 
Presidency, and attempted a scheme of conservancy 
which, however, they abandoned in 1822. A letter 
from the Superintendent of the Indian Navy to the 
Bombay Government, dated the 27th of March, 1844, 
states that the Canara forests had been many years 
back under conservancy; that Colonel Gilbert then 
held the situation of Conservator for 16 years, and 
that he was succeeded by Captain Jakes, Indian 
Navy, who was withdrawn in 1823-4, and the 
establishment broken up. In 1840 Dr. Alexander 
Gibson [“ Daddy Gibson ” of affectionate local fame), 
Superintendent of the Botanical Gardens, Bombay, 
was deputed to report on the forests of the Northem 
Division of Bombay, and in 1846 he was formally 
appointed Conservator of Forests for the Presidency, 
In 1851, the Military Board, under whom he acted, 
reported that no profit had been made, and recom- 
mended that he should restrict his operations. Wide- 
spread local disaffection had been caused by the 
regulations enforced by the administration; but Dr. 
Gibson, who was a man of great natural capacity, 
and enlarged learning, remained Conservator until 
1860. 

As far back as 1847, there was an officer designated 
“Forest Ranger’’ in Scinde; and the appointment 
was held successively by Major Scott, Captain Craw- 
ford, Dr. Stocks, the well-known botanist, Captain 
Hamilton (Out-of-Door Hamilton he called himself, 
in antithesis to Sir Robert Hamilton, of Indore], and 
Mr. Dalzell, another accomplished botanist. 

In Madras, the first we read of forest conservancy 
is a report by Dr. Wallich, in 1827, recommending 
the Government of the Presidency to take steps for 
the preservation of the teak forests of Tenasserim. 
Efforts were consequently made, in 1833, to establish 
control of them, but owing to the opposition of 
vested interests, they failed for the time. Again, in 
1837-38, Dr. Helfer (a most promising botanist, who 
was murdered in the Andamans 1839) reported on 
the Tenasserim teak forests, with the result that 
Captain Tremenheere was appointed Superintendent 
of Forests. A code of rules for their management 
was drawn up in 1842, but disallowed by the Court of 
Directors; and we hear no more of the matter until 
1847, when the late Mr. T. R. Colvin again attempted 
to organise a forestry department for the Madras 
Presidency, but again in vain. Even in Burmah the 
Madras Government arranged for the supply of timber 
with a timber merchant at Maulmain ; and it was only 
after the second Burmese war that Dr. McClelland 
(an eminent Indian naturalist, who first introduced 
Indian isinglass into the markets of Europe) was 
appointed Superintendent of Forests in Pegu, in 1853, 
being succeeded by Dr. (now Sir Dietrich) Brandis, 
in 1856. 

Owing to the rapidly-increasing demands by the 
great mercantile port of Bombay for the teak timber of 
Madras, the latter Government, in 1843, began to take 
alarm at the prospect of an exhaustion of the supply, 
and Mr. Henry Valentine Conolly (he was one 
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of four famous brothers,—Captain Edward, killed 
at Purwan Durrah, 1840, Captain Arthur, murdered 
with Colonel Stoddard, Bokhara, 1840, Captain 
Jobn, killed at capture of Cabool, 1842, and Henry 
Valentine, of the Madras Civil Service, assassinated 
by the Moplas, 11th September, 1855—a sample of 
the price of Empire!) formed a nursery of teak trees 
at Nilambur. As an interesting experiment it was a 
great success, and at the Edinburgh Forestry Exhi- 
bition of 1884, there were 33 sections of teak trees 
from this plantation, the largest of which was 8 ft. 
4in. in girth. But nothing came of it practically. 
In 1847, however, at the earnest recommendation of 
General Frederick Cotton [a brother of the late Sir 
Arthur Cotton], the Government of Madras took 
determined action in the matter, and resolved to bring 
one of the most valuable teak tracts in the Presi- 
dency into their own management; and accord- 
ingly, in 1848, appointed Captain [now General] 
Michael to the charge of the Annamallay forests 
in the Coimbatore District. The whole tract 
was at once placed by General Michael under 
the most careful conservancy of the tentative kind 
then only possible. Roads were laid out, a 
timber slip constructed ; and axemen, sawyers, 
carters, and other workmen imported from adjacent 
districts; while the hill people were conciliated by 
their being employed in clearing brushwood round 
saplings and girdled trees, and on other similar light 
sylvan occupations for which they were naturally 
fitted. Also all ancient rights were scrupulously re- 
spected, and compensation liberally paid when their 
surrender was necessitated. Consequently there was 
no friction with the village authorities and the abori- 
ginal people; timber of large scantling was freely 
floated down the rivers for shipment to the dockyard 
at Bombay, or transported by land to the Nilgherry 
Barrack Works, and the Madras Gun Carriage Manu- 
factory. Within a few years, the success was so 
marked, and the financial result so satisfactory, that 
the Board of Directors in their ‘‘ Financial Despatch,’’ 
No. 15, of 1854, acknowledged their gratification in 
the handsomest terms. 

The Committee appointed by the British Associa- 
tion at Edinburgh in 1850. issued their report in 1851, 
drawing attention to the need of extending forest 
conservancy in India, and to the fact that where 
supervision had been wisely exercised improvement 
had at once taken place; and undoubtedly this also 
contributed to the resolution arrived at by the Court 
of Directors on the basis of General Michael's opera- 
tions to make the conservancy of the forests hence- 
forth an object of primary solicitude in India. General 
Michael is an enthusiastic Indian sitar? [sportsman], 
and his popularity on this account with the natives 
greatly facilitated him in his administration of the 
Annamally teak forests, and, consequently, on his 
enforced retirement in 1855, on account of “ jungle 
fever ” contracted during his seven years exposure to 
every vicissitude of climate, he was replaced by 
General Douglas Hamilton [a brother of Captain 
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Hamilton] the most famous sAikari Souther India 
has ever raised. Meanwhile Dr. Cleghorn had 
been carrying on botanical and forestry work in 
Mysore from 1847 [observe how everywhere in 
India forestry begins about 1846-8); and in 
1856 he was appointed Conservator of Forests 
over the whole Madras Presidency [including 
Burmah], with General Douglas Hamilton, and 
Colonel [then Lieutenant] Beddome [the author 
of Flora Sylvatica, embracing the forest flora 
of Madras and Ceylon], and Dr. Drew, as his 
assistants. 

In the Punjaub nothing was done in forest con- 
servancy until Hugh Cleghorn was sent up there 
temporarily in 1861, to advise Sir Robert Mont- 
gomery. The same may be said of the North-West 
Provinces and Oude, and of the Central Provinces, 
until Colonel Pearson was, as Dr. Schlich says, 
sent there. Sir Dietrich Brandis was appointed 
Superintendent of Forests in Pegu in 1856. He at 
once made his mark, and when at last the time was 
ripe for an Imperial Forest Department, acting over 
the whole of the British Indian Empire, he was 
called up from Burmah, in 1862, to consult with 
Cleghom on its organisation and establishment, and 
in 1864 was appointed the first Inspector-General of 
Forests. 

This is the round, unvarnished tale of the whole 
course of the rise and administration of Forest Con- 
servancy in India—nothing has been extenuated, nor 
aught set down in malice—and the official report 
from which I have draughted it (adding here and 
there only an illustrative, or an appreciative, gloss of 
my own) was one submitted by General Michael him- 
self to the Secretary of State for India on the 14th of 
June, 1890. His whole anxiety throughout it is to do 
full justice to everyone, and particularly to the half- 
forgotten forestry officials anterior to the great period 
in Indian forestry which begins with Cleghorn and 
Brandis. Obviously he has no other thought 
really than to see full justice done to Madras and 
the Madras officials in the apportionment of the 
enormous credit due to the Government of India for 
their magnificent administration of its glorious sub- 
tropical forests. 

This is a vain consideration now. Hugh Cleghom 
is dead, and one of the most—I will not say heartless, 
but—thoughtless defaults of the Indian authorities 
was letting him die without any recognition what- 
ever of his great and incalculable services to Indian 
forest conservancy. And if there is too much in 
Dr. Schlich’s latest and previous utterances in our 
Journal, and elsewhere, on the subject, of the 
sentiment :—‘‘ Pereant qui ante nos nostra dixerunt,” 
I would fain attribute it also entirely to heedlessness, 
arising out of a pardonable provincial prejudice— 
‘© Nul n'aura de l'esprit hors nous et nos amis; ” for I 
have a strong prejudice myself of the essential good- 
ness of heart—the generosity and magnanimity—of 
every forester and gardener, and lover whatsoever of 
trees and flowers, as being men above all others cast 
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in the image of their Creator, as quaintly phrased 
by Dante, “tbe Eternal Gardener ’’—i/ Ortolano 
Eterno. 


GEORGE BIRDWOOD. 
September 6, rgor. 


Notes on Books. 


NATURE TEACHING, BASED UPON THE GENERAL 
PRINCIPLES OF AGRICULTURE, FOR THE USE 
OF ScHoots. By Francis Watts, F.I.C., 
F.C.S., Government Analytical and Agricultural 
Chemist, Leeward Islands. London and Barbados. 
190I. 

This work is published under the authority 
of the Commissioner of Agriculture for the West 
Indies, and Dr. Momis, in his preface, remarks 
that the West Indian Colonies are wholly de- 
pendent upon agriculture, in spite of which no 
systematic attempts have hitherto been made to teach 
the elements of agriculture in such a manner as to 
win the intelligence and energies of the rising genera- 
tion in favour of agricultural pursuits. There is now 
a general movement to remedy this, and the first step 
was to train the teachers. The object of this book is 
to supply teachers in elementary and secondary 
schools with a body of information suitable to West 
Indian conditions. Each chapter contains descriptive 
matter on the seed, the root, the leaf, the soil, &c., 
with hints respecting practical work done in the open 
garden or with the help of boxes and pots. 


General Notes. 
E 


BOULLE MONUMENT.—The memory of the cele- 
brated artist workman, André Charles Boulle, who 
was born at Paris in 1642, and whose personal talent 
in the work of enriched furniture, bronze, copper, 
ivory, and other materials, has made his name famous, 
will be perpetuated by a monument to be erected in 
the Faubourg Saint-Antoine, the centre of the furni- 
ture workshops at Paris. The design has been en- 
trusted to a young sculptor, M. Edouard Jacques, 
and the work will represent a workman in his ordi- 
nary clothes, his tools placed on the ground near him, 
in the act of raising a young boy, who is lifting his 
cap in respect towards the bust of Boulle. Louis XIV., 
who was a great admirer of Boulle, gave him a special 
mark of his favour in allowing him to take up his 
quarters in the buildings of the Louvre as cabinet- 
maker, architect, and engraver of the Royal seals to 
the King. 


CHAMPAGNE.—Sir James Blyth, in his Report 
on Vine Culture (quoted from in a previous number, 
see ante, p. 741), describes the bottling of champagne, 
and the improvement which has lately been made in 
the process:—‘‘ During the sojourn in the racks 


before the final liqueuring and corking, each bottle is 
carefully examined until the necessary brightness is 
obtained, by the deposit on the end of the temporary 
cork of all solid bodies produced by the fermentation. 
Formerly, it was the universal practice—in the deft 
momentary removal of the ‘cork—to ‘spirt °’ out this 
deposit by the pressure of the gas, with just enough 
of the contents of the bottle to remove the substances 
which would becloud or damage the wine. Of late 
years, an ingenious freezing machine has been intro- 
duced, which freezes solid a thin ‘wad’ next the 
cork of just the needed thickness to remove all that 
should not remain, and which reduces the waste of 
wine from 8 per cent, to 2 per cent.” 


JARRAH AND KARRI.—There has been consider- 
able correspondence in Zhe Times respecting these 
West Australian Hardwoods (see ante, p. 737). Mr. 
Geo, Aytoun, General Secretary Royal Commission, 
Glasgow Exhibition, 1901, Western Australia, gives 
the following instances of the lasting character of 
these woods :—Jarrah piles, drawn after 36, 31, and 
30 years’ service in ocean jetties; wandoo piles, used 
in bridge construction, 30 and 44 years in the ground ; 
jarrah post, the original boundary post of the town of 
Bunbury, 70 years in the ground; jarrah slab, used 
as a headstone to a tomb, 64 years exposed to the 
weather, showing the original lettering cut in the 
wood as sharp as if just executed; fencing post of 
black-butt, 45 years in the ground; railway sleepers 
of jarrah drawn in 1900 (specially for exhibiting at 
the Paris Exhibition) after over 20 years’ service on 
the Perth-Freemantle Railway, over which the whole 
of the raliway trafic of the port of Freemantle has 
passed ; large baptismal font carved out of a jarrah 
log buried in the principal street of Perth before the 
foundation of the city more than 7o years ago; 
elaborately carved goblet from a jarrah stable block 


- in use for 30 years. With regard to paving blocks, 


there is on exhibit a collection of blocks of jarrah and 
karri drawn from streets in various cities and towns 
of Great Britain after years of service, with authenti- 
cated figures showing the loss in wear, &c. The 
jarrah blocks come from Exchange-street, Liverpool 
(six years in use, loss in wear } in.) ; Upper Thames- 
street, London (six years, wear }in.); High-street, 
Leicester (nine years, wear }in.); Queen-street, 
Cardiff (four years, wear }in.); Queen’s-road, Hast- 
ings, opposite the Town hall (five and a-half years, 
wear lin.); Rye lane, Camberwell (five years, wear 
in.) Karri blocking :—Northumberland - avenue, 
London (six years, wear 3-16thin.); Buckingham 
Palace-road, London (six years, wear Zin. ; Albany- 
road, Camberwell (five years, wear }in.); Mosley- 
street, Manchester (seven years, wear }in.); Bristol- 
bridge, Bristol (six years, wear } in.); Princes-street, 
Edinburgh (seven and a-half years, wear }in.). Those 
enumerated comprise a few of the many exhibits 
shown in the timber section, and are standing 
proofs of the extraordinary lasting quality of Westem 
Australian timbers, 
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HOWARD LECTURES. 


POLYPHASE ELECTRIC WORKING. 
By A. C. EBORALL, M.I.E.E. 


Lecture I. (continued )—Delivered April 
26¢/, 1901. 

With three-phase generators we see, there- 
fore, that the armature phases should be star- 
connected if the best results are to be obtained, 
and this agrees well with modern practice. 
The coils (or bars) of the individual phases are 
wound in a similar manner to those of two- 
phase machines, but their space relations are 
different (Fig 8, a and 4); the windings of the 
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DIAGRAM OF THREE-PHASE ARMATURE WINDINGS, 
with wire-wound coils and respectively one and 
two holes per pole per phase. 


Notre.—For clearness, the ends of the coils of the three 
phases are shown bent, the individual phases being indicated 
by the character of the lines; in reality each complete coil 
of a given phase is altcrnately straight (S) and bent (B). 


three phases are so spaced out that they stand 
at 120° to one another, each pole-pitch being 
reckoned as 360 degrees. A reference to the 
armatures in Figs. ọ (p. 762) and 10 show hov 
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PORTION OF THREEF-PHASE ARMATURE. (G. E. 
Co., U.S.A.) 750 kilowatts; 5,000 volts at 
terminals. 


a 


this ıs carried out in practice, although there 
are other ways of doing the same thing. The 
generators illustrated in Figs. ọ and 10 are 
standard machines having armature windings 
in one slot per pole per phase. 

The number of holes or slots per pole per 
phase, and the shape and proportions of the 
holes or slots, is an important feature in the 
design of the generator. Generally speaking, 
the more the winding is distributed (that is, 
the more holes or slots per pole per phase) the 
better, for on account of the winding depth 
being reduced, armature leakage is less; 
moreover, a sinusoidal E.M.F. wave results. 
In low voltage and very large high voltage 
machines there is rarely any difficulty in dis- 
tributing the winding in several slots, as 
copper bars will generally be employed as 
conductors. But with high voltage machines 
having wire-wound coils it is more difficult, 
for the more the winding is distributed, the 
more difficult it is to insulate it properly, and 
the slot insulation takes up too great a propor- 
tion of the available winding space. Con- 
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sequently, such machines invariably have their | easier (and cheaper) to re-wind a coit when 
armature windings carried out in one or two | confined to one or two holes or slots, than if 
holes (or slots) per pole per phasé, and this | distributed in three or four per pole per phase. 
arrangement is advantageous in another way. Whether holes or slots are used is a matter 
For if straight slots are used, the armature | mostly of opinion, and, to a certain extent, the 
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! 
TYPICAL Forms OF HOLES AND SLOTS FOR STANDARD POLYPHASE GENERATORS. 


coils can be former wound, insulated, and’ | same-remark applies to the shape selected. 
taped, and then slipped in the heavily insulated |:Hele windings have the disadvantage that they 
slots; a wooden wedge driven along the top of ‘Must be hand-wound, each wire having to be 
the slot above the coil effectually prevents the | separately drawn through, and moreover, the 
latter from shifting. Even if straight slots are | small iron bridges form a ready path for the 
not used, and the coils are hand-wound, it is | armature leakage flux; the armature stamp- 
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ings are easier to punch, however, and wedges 
for securing the coils are, in general, unneces- 
sary. On the other hand, the use of straight 
slots permits former wound coils to be used, 
which is a great advantage, and the arma- 
ture leakage flux is reduced to a minimum. 
Half-open slots are often used, as these are 
easier to wind than holes, and are superior to 
the latter from the armature leakage point of 
view ; they are, however, the most difficult of 
all to stamp. One well-known makcr (Kolben 
and Co.) gets over the trouble with large 
machines by punching rectangular holes in the 
stampings (Fig 11,@ and J, p. 763), afterwards 
cutting through the iron bridge (thus opening 
the hole to form a partly-closed slot) by means 
of a specially-designed portable rotary cutter. 
Figs. 11 a, to 11 f, show some shapes of 
holes-and-slots to scate, which are quite typical 
of good modern practice. 

The number and shape of the holes or slots 
determine whether the pole shoes are to be 
laminated or not. In order to reduce eddy 
currents in the pole faces to a minimum (which 
not only cause losses, but increase the pressure 
drop of the machine), the pole shoes must 
cither be laminated ora large number of holes or 
half-closed slots per pole per phase must be used. 
If the slots are quite open, the pole shoes must 
be laminated in any case, and, indeed, if slots 
are used at all, it is better to adopt this pre- 
caution. On the other hand, if two or more 
holes per pole per phase be used, it is in 
gencral unnecessary to laminate the pole shoes 
on this account. ; 

It is, of course, unnecessary to laminate the 
poles as well as the pole shoes, for the varia- 
tions in the flux due to the variable magnetic 
resistance offered by the armature do not 
extend into the body of the pole. From motives 
of convenience in manufacturing, however, 
certain makers prefer to laminate throughout 
(sce, for instance, Fig. 12) ; others, for similar 
reasons, do all that is necessary by casting the 
laminated pole shoes in with the cast steel 
field poles, or by bolting built-up laminated 
pole shoes to the poles. This latter method is, 
I consider, an excellent one, although some- 
what expensive, for a high flux density may 
readily be arranged for in the pole shoes, in order 
to reducearmature leakage, and the flux density 
may be kept low in the body of the poles, so as 
to reduce the amount of excitation required, 
and which is a condition favourable to small 
alteration of the field magnet leakage from no 
load to full load. 


Generally speaking, for large slow speed 


revolving field machines, good modern prac- 
tice in these respects would be represented 
either by laminated poles or by steel poles 
with laminated pole shoes attached to them, 
together with an armature winding star con- 
nected in one, two, or three, half closed or 
open slots per pole per phase. The depth of 
the slot will be about 2°5 to 3°5 times its width ; 
the armature core should be provided with 
ventilating ducts about every three inches along 
its length, which latter must be small in pro- 
portion to the diameter. When steel poles are 
employed they should preferably be of oval 
section, for the leakage coefficient of the field 
system isreduced to a smallervalue than it would 
have if rectangular poles were used. Circular 
poles, which are preferable from this point of 


FIG. 12. 


PORTION OF MAGNET WHEEL FOR 800 KILO- 
WATT THREE-PHASE GENERATOR. (Oerlikon Co.) 


view, and also from the point of view of mini- 
mum weight of copper for a given number of 
ampere turns, cannot asa rule be used with 
large machines because, with a given armature 
diameter and length, and style of armature 
winding it may be difficult to give the pole shoes 
the correct dimensions, which are of course 
dependent on the armature alone. Moreover, 
as a rule, it will be found that oval poles 
pack in better on the periphery of the yoke 
ring. 

With regard to the field windings, the 
use of cable or ‘round wire is not admissible, 
for at the high peripheral speeds usually 
employed (5,500 to 6,500 feet per minute), 
the individual turns would roll upon one an- 


| other, and the insulation would speedily suffer ; 
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for this reason copper strip (preferably wound 
on edge) or solid wire of square section is 
invariably used for the field windings of re- 
volving field machines, according to size. This 
implies that the pressure of the exciter used 
should lic between 80 and 120 volts, and as a 
matter of fact, direct coupled exciters are in- 
variably standardised for 110 volts. An exciting 
pressure of 200 volts or thercabouts (sometimes 
specified when separate excitation is arranged 
for) is an awkward value to deal with, and 
generally means that a special section of con- 


cheeks are sometimes extended between the 
adjacent poles and connected together, form- 
ing a continuous band of very low resistance 
right round the field system. A portion 
of such a ficld system is shown in Fig. 
13, and it may be noted here, that it 
is well worth doing for large slow speed 
generators having laminated pole shoes, it 
being of considerable assistance to good 
parallel running. 

Standard practice nowadays is to employ 
direct coupled exciters for providing the 
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PORTION OF MAGNET-WHEEL FOR THREE-PHASE GENERATOR, SHOWING DAMPING COILS. 
(Westinghouse Co.) 


ductor will have to be drawn for the field 
copper. An exciting pressure of 400 or 500 
volts is not so inconvenient, for then wire of 
Square section can be used. 


When copper strip wound on edge is used, 
the adjacent turns are separated by parchment | 


or similar paper, and the coils are pressed to- 
gether hydraulically before being slipped over 
the poles, and sometimes (Kolben) pressed on 
the poles as well, making in this way a very 
solid job. 

The field bobbins are prevented from shifting 
on the poles by means of the extended pole 
shoes, and special gun-metal cheeks. These 


fo a gaa; re 


necessary current for the field system. But for 
large power stations, employing a number of 
large slow speed generators, separately driven 
exciters are, on the whole, preferable, for they 
are more flexible, and are quite independent 
of the speed variations of the main engines. 
The separate exciting sets are naturally more 
expensive, for independent driving power has 
to be arranged for, and a larger reserve plant 
is wanted as arule; the exciting dynamos 
themselves are of course cheaper, as they run 
at a suitable speed. But the slight additional 
expense is more than balanced by the extra 
convenience and reliability, and the better 
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pressure regulation and parallel running 
attained on the main generators. 


High speed engines are preferable to induc- 


1 


an extra long sole-plate, and by means of suit- 


_ able gear, it can be slid along this sole-plate 


tion motors for driving the exciters, when these | 


are independent, unless an accumulator battery 


of ample size is provided, firstly, because the — 


speed of the motors varies with the engine 
speed, and secondly, because a bad short 
circuit on the power station might pull up the 
motors and shut down the station automati- 
Cally. 

An important point connected with the me- 
chanical design of large polyphase gencrators, 


until it is quite clear of the magnet wheel, thus 
leaving all thé coils of the latter and of the 
armature quite exposed (see Fig. 14, represent- 
ing, however a small machine); there is now 
room available for a man to climb down into 
the machine to get at the armature coils. This 
method is particularly satisfactory for genc- 
rators coupled to tandem horizontal or three- 
crank vertical engines, but it is not so good 
(although quite practicable) when the gene- 


_ rators are mounted between the cranks of the 


THREE-PHASE OERLIKON GENERATOR OF 360 KILOWATTS, SHOWING METHOD OF EXPOSING THE 
ARMATURE COILS AND FIELD SYSTEM. 


is the provision of suitable means for getting 
at the whole of the armature coils for inspec- 
tion, cleaning, or repairs. It must be remem- 
bered that the lower portion of the armature of 
a large machine will be below the floor level 
in a pit, where it cannot be seen or got at, 
and hence suitable arrangements have to be 
made for getting at it from the ordinary 
floor - level, as the magnet wheel is of 
course a fixture. There are three standard 
methods in use, all of which are good, as 
under :— 


1. The armature is arranged to stand upon 


' 


engines, on account of the exira space required 
along the shaft. 

2. By means of spider frames the armature 
ring may be mounted upon trunnion rings cast 
upon the bearings of the mag iet wheel (Fig. 
15, p. 767); by removing a couple of bolts on 
each side the whole of the armature carcase can 
be barred round, and the bottom coils thus 
brought round to an accessible position. This 
method of mounting the armature, which does 
away with a bed-plate, is applicable to all 
cases, and was first employed by Messrs. 
Brown, Boveri, and Co. In addition to being 
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very good for the purpose, it possesses two 
other great advantages, namely, the arma- 
ture carcase is always accurately centred 
relatively to the magnet wheel, and no sole- 
plate is required for it. 

3. The third arrangement, which originated 
with the Electricité and Hydraulique Company 
(Charleroi) is also applicable to all cases, and 
has proved to be exceedingly convenient in 
practice with machines up to 1,000 kilowatts 
in size; it is represented in Fig. 16. The 
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ILLUSTRATING METHOD OF EXPOSING ARMA- 
TURE AND FIELD SYSTEM OF LARGE Po.y- 
PHASE GENERATORS EMPLOYED BY THE 
‘ ELECTRICITÉ ET HyYDRAULIQUE,” LTD., 
OF CHARLEROI. 


armature carcase does not stand directly upon 
the bed-plate, but is packed up from it by 
means of two removable cast-iron shoes placed 
under the feet, marked A on the sketch. To 
bring up the bottom coils of the armature for 
inspection, the armature ring is first raised a 
few millimetres by means of the strong square- 
threaded lifting screws marked B, which pass: 
through the feet of the ring and bear on the 


bed-plate; wooden wedges are then inserted 
between the poles and the armature so as to 
keep the latter raised. The lifting screws are 
now slacked away and the removable castings 
under the feet moved back, leaving the arma- 
ture resting on the magnet wheel. The latter 
can now be barred round, the armature ring 
rolling on it, for as can be seen from Fig. 16 
the removal of the two castings allows the 
whole armature carcase to turn in the pit. In 
this way the bottom coils of the armature are 
brought round to the floor level where they can 
be easily got at. 

In methods (2) and (3) above, it is necessary 
that the field poles be capable of removal 
sideways, that is to say, they cannot. be let 
into the yoke ring, unless this is done as 
shown in Fig. 12, for otherwise individual poles 
could never be got out (should this ever be 
desired) withaut taking down the armature ; 
with method (1) on the other hand, as the field 
poles are left completely exposed, they can be 
removeable in either a radial or axial direction. 


Miscellaneous. 
—_——_»>—_—_—_ 


DEVELOPMENT OF MOTOR TRAFFIC. 


Colonel R. E. Crompton, M.Inst.C.E., President 
of the Mechanical Science Section of the British 
Association, at the meeting in Glasgow, dealt in his 
address, among other subjects, with the improvement 
of roads and the future of motor-cars and motcr- 
wagons. After referring to the high speed of long 
distance railways now coming into being, he pro- 
ceeded to consider more fully the question of loco- 
motives in towns, as follows :— 

I now propose to deal at somewhat greater length 
with what I think is a most important problem in 
locomotion, viz., that caused by the congestion of 
street traffic in our towns, and by the undoubted 
difficulties which exist in carrying our workers to and 
from their homes in the country to their places of 
employment in our towns. A large proportion of the 
workers, who, during the latter half of the last 
century lived and worked in the country, are 
now working in towns, although some of them 
still live outside in order to obtain the advantages 
of lower rents and of a healthier life for 
their families, and this last class is likely to largely 
increase. Those who have been responsible for the en- 
larging and improvements of our towns have done so 
much to make town life preferable to country life that 
the country is gradually being depopulated. The result 
we sce in the increasing difficulties which the town 
authorities find in dealing with the water and sewerage 
questions, and in the increasing mass of vehicular 
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street traffic, which makes some of our cities veritable 
pandemoniums. Luckily it seems that we are likely, 
through the skill and energy of our engineers, to meet 
these difficulties in more than one way. The cycle, 
which commenced as an amusement and went on as 
a fashionable craze, has now settled down into being 
the poor man’s horse. The number of our working 
population that use the cycle for going to and from 
their work is already very large, and is steadily in- 
creasing, and their use of the roads must be con- 
sidered. Then came the motor-car, developed in 
France to such an amazing extent, and which seems 
now likely to be developed to an equal extent in this 
country. After many years of objecting to the use 
of the overhead trolley system, our town authorities 
seem now to have determined that the only way of 
relieving street traffic is by an enormous development 
of electrical tramways, and on all sides we find the 
large towns rivalling one another in the extent of the 
tramway systems, which they have either acquired or 
are laying down for themselves. It seems opportune 
now to point out that a great deal of mischief may 
accrue by this indiscriminate use of tramways, and for 
those who are considering these matters, I bring 
forward a few facts which are worthy of notice. Of 
course, in new countries, or in new towns in old 
countries, where the roads are rough and bad, any- 
thing in the nature of a tramway using rails is an im- 
provement on a roadway; but when we are dealing 
with cities which already possess well laid out and 
well paved streets on which all kinds of wheel traffic 
can be carried on with a minimum of rolling resist- 
ance, it seems wrong, from an engineering point of 
view, to break up the surface of these streets for the 
purpose of laying tramways, and for the following 
important reasons :—Traffic carried on a roadway by 
vehicles, whether horse-drawn or by cycle or motor- 
car, differs from traffic carried on rails chiefly in that 
the former vehicles possess an important power, viz., 
that of overtaking, which is not possessed by the 
latter, that is to say, that vehicles on the plain road 
surface can overtake a stopping or a slower vehicle 
going in the same direction without interfering with 
other vehicles, whereas on rails, the vehicles going 
one way must always remain in the same relation 
to one another, so that the speed of vehicles 
on rails must always be regulated by that of other 
vehicles going in the same direction. Street tram- 
ways, for instance, must stop to set down and take up 
passengers : this limits the speed average and the 
number of vehicles per mile of track, for if there be 
not sufficient intervals between the vehicles they would 
have to stop and start nearly simultaneously. Thus 
the carrying capacity of the best modern electrical 
tramway is limited by this want of overtaking power. 
I have made careful inquiry from those who have 
great experience in tramways not only in this country 
but in America and on the Continent, and I find that 
it is generally admitted that the maximum carrying 
capacity of an electrical tramway in one direction is 
_ 4,000 passengers per hour carried past any given 


point. Ifind that a full-gauge suburban or metro- 
politan railway crowded to its fullest extent cannot 
carry more than 12,000 passengers per hour. Now 
most of us have often seen large crowds taken away 
from a point of attraction by omnibuses and horse- 
drawn vehicles, and have noticed that the crowded 
omnibuses almost touch one another and yet can go 
at a fair rate of speed. In this case at eight miles per 
hour speed 14,000 passengers can be carried from a 
given point per hour. 

Up to the present a public motor-car service has 
not yet been installed of any magnitude to enable us 
to compare the carrying capacity of motor-cars with 
that of horse-drawn omnibuses, but owing to the 
reduced length of motor-cars compared with that of 
omnibuses, and on account of their greater speed and 
greater control, motor-cars can now be built to deal 
with great crowds at an even higher rate per hour 
than that noted above. It appears certain, therefore, 
that although the provision of electrical tramways is 
undoubtedly an economical means of carrying passen- 
gers, yet that these tramways cannot be laid in 
existing thoroughfares without considerably reducing 
the total road carrying capacity at times of heavy 
pressure of traffic, and as it appears likely that either 
for the daily transport of the workers to and from 
their homes to places of employment, or for taking 
great crowds out into the country for pleasure pur- 
poses, a motor-car service carried out on well-made 
roads will compete favourably with, and in many ways 
be preferable to, tramway service. 

It must be remembered that the laying of tram 
rails not only blocks ordinary traffic, but in our most 
crowded streets it jntroduces dangers to all wheeled 
vehicles not on rails, motor-cars, and cyclists by the 
skidding of the wheels when they cross the line of 
rails, and these dangers are daily causing, and are 
still likely to cause, very serious accidents. 

Although the urban populations have so greatly 
increased, the old coaching roads are still the only 
ones that exist; no main roads parallel to the old 
ones or alternative to them have ever been made. 
Towns which are now joined by railways grew out of 
small rows of houses built facing the main road; in 
fact in many cases the road made the town. During 
the early part of the railway era, when the roads were 
so little used from coaching falling into disuse, en- 
croachments on the roadway took place in and near 
the towns, such roads being now actually narrower 
and less suitable for trafic than in the coaching 
days; so that these towns which owe their ex- 
istence to these roadways now put every impediment 
and hindrance to their use by the travelling public. 
What is needed is that towns situated on our main 
through roads should provide alternate routes, so that 
through travellers could, if they desired, avoid the 
crowded streets of the town. One method of provid- 
ing such relief roads would be by by-laws providing 
that all building estates should set aside land for 
main roads. The building estates which are de- 
veloped around our great towns never provide a road 
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which can be used as a main line of thoroughfare, 
although by their very act of building additional 
houses they cause additional congestion to the main 
roads. They lay out their roads to obtain quiet for 
those who live on the estate, and take every possible 
means to prevent their estate roads from taking a 
share of the main thoroughfare traffic. 

Parliament must take in hand an improved admini- 
stration of our highways by a comprehensive scheme. 
Far too many ancient main lines of thoroughfare, 
alheady too narrow for the traffic which is on them, 
are being blocked by having tramways laid on them ; 
these cause the development of building estates, 
which throw additional traffic on to these thorough- 
fares. Apart from the roads themselves the com- 
plicated conditions of street and road traffic demand 
careful regulation. Street traffic should be carried as 
far as possible by lines of vehicles driven as nearly 
parallel to one another as possible. The rule of the 
road, as it is called, and which is embodied in an Act 
of Parliament, 5 and 6 of William IV., which is com- 
monly called the Highways Act, says that every 
vehicle is to keep as close as possible to the left or 
near side of the road, except when overtaking another 
vehicle in the same direction, and then it is to keep to 
the off-side of the overtaken vehicle as closely as 
possible, Asa matter of fact everybody knows that 
this rule is habitually reglected by drivers who, 
wLenever they get a chance, drive down the centre of 
` the road, so that others who overtake them dare not 
do so on the wrong or near side, but must pass out 
far to the off side of the road, and consequently 
interfere with the traffic coming in the opposite 
direction. This neglect of the rule of the road 
causes a great waste of space immediately behind 
every vehicle, and is one of the chief causes of 
the limited carrying capacity of the streets in cities 
where the police do not attend to this important 
matter. It can be remedied by the existing police 
regulations being adhered to and insisted on by fixed. 
point constables, or by constables moving about on 
motor-cars or bicycles. Slow moving and frequently 
stopping vehicles are another cause of congested 
traffic. A great deal might be done by arranging 
that during certain hours much of the slower moving 
traffic is shunted into alternate routes, so as to be 
kept by itself. An increase in the speed of the street 
traffic is desirable; for the faster the vehicles travel 
the less the street is occupied by them. Motor-cars 
can safely travel at sixteen miles an hour, and, there- 
fore, need only take half the time, and occupy only 
half the street surface that an omnibus does when 
travelling at eight miles per hour. Such high speeds 
as these, which are desirable and perfectly safe for 
motor-cars, cannot, however, be obtained unless some 
re; u‘ations are made as to the use of the roadways by 
foot passengers. There is no rule of the road for foot 
passer gers—they pass one another on the footpath, 
or vehicles in the roadway, just as they please. No 
dr.ver of a vehicle in th: road who sees a foot 
Pisseiger st2pping into the roidway can ever tell 


with certainty what his movements will be. It will be 
no hardship to foot passengers to insist on their 
movements being regulated. 

Much has been recently said and written on the 
subject of motor-cars and motor-wagons. It is gene- 
rally admitted that there will be considerable scope 
for engineering skill and capital in their improvement 
and construction. 

At first sight steam, with the complications of 
boiler, engine, and condenser, does not appear likely 
to compete favourably with the simpler spirit motor, 
but for heavier vehicles, where steady heavy pulling 
power is of importance, up to the present no internal 
combustion motor has competed with it. The 
Americans, with their usual skill and power of rapidly 
organising a new manufacture, have already turned 
out a very large number of steam-driven motor-cars, 
which are so largely in use in unskilled hands that it 
shows that they have already solved the problem to 
some extent. 

The directions in which the two classes of motors 
require further development are, for the internal com- 
bustion motors, the satisfactory and inodorous use of 
the heavier oils, and in this perhaps Herr Diesel may 
help us with his wonderfully economical motor im- 
provements in the clutch mechanism, for with all the 
internal combustion engines up to the present it has 
been found impossible to start the motor when 
coupled to the driving-wheels of the car; and, in the 
case of the steam motor, the simplification of the 
boiler, the boiler feed mechanism, the inodorous and 
noiseless burning of heavy oils as fuel, improved 
condensers, methods of lubricating the pistons and 
valves so as to avoid oil passing back to the boiler 
with the condensed water, and the rendering of all 
processes of boiler feed and fuel feed mechanism 
completely automatic, so as not to require the atten- 
tion of the driver. 


ECONOMIC EFFECT OF THE TRAMWAYS 
ACT, 1870.* 


The Act has now been thirty-one years in 
operation, and has never been amended. This 
view is not the result of opposition to municipal 
trading, nor based on any idea that municipal owner- 
ship of tramways is an economic mistake. I. History 
and Effect of the Act.—The decision in Reg. v. Train 
(1862) rendered it necessary to obtain Parliamentary 
authority to lay down a tramway. The object of the 
Act was to facilitate tramways by substituting Pro- 
visional Order for Bill. It was, however, hedged 
round with restrictions. II. The Vice of the Depart- 
mental Method of Legislation.— The essence of the 
departmental method is that the inspector who holds 


° Abstract of a paper read before Section F of the 
British Association at Glasgow, by E. F. Vesey Knox, M.A. 
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the local inquiry (if any) has no authority to decide. 
The Board of Trade have failed to obtain any respect 
for decisions in really contested cases. In such cases the 
practice of promoters is now to go to Parliament direct. 
III. The Want of Compulsory Powers for the Taking 
of Land.—English roads are seldom suited for tram- 
ways without alteration, yet the Tramway Order may 
not authorise the taking of land for road widening. 
IV. The Frontagers’ Veto.—Frontagers in narrow 
places can prevent tramways by a mere mechanical 
veto. This has led to single lines and other bad 
tramways. V. The Veto of the Local Authorities.— 
This veto has sometimes been abused, and has tended 
to discourage the best schemes and the soundest pro- 
moters. It is not, however, likely that an objection 
by a local authority based on reasonable grounds 
would ever be overruled. VI. The Purchase Clause. 
—There were some good reasons for inserting a 
purchase clause, though nothing of the sort had been 
applied to railways, and gas and water undertakings 
have only been purchased under special Acts at a very 
full price. It is now hopeless to contend that there 
should be no power of purchase; the really debatable 
matters are the period and the method of valuation. 
Mr. Shaw Lefevre anticipated that promoters would 
not mind the purchase clause, because there was no 
limitation of profits. What they did was to try to 
take their profit through inflating the capital, and 
clear out. Hence abortive schemes and disappointed 
inventors. The comparison between the price at 
which railway and tramway capital can be raised is 
not less instructive than that between private and 
municipal credit for tramway purposes. The best 
class of investors have been discouraged by the Tram- 
ways Act, and the cost ef capital for tramway enter- 
prise: has consequently been increased. The great 
discovery of the application of electricity to tram- 
ways came just when the purchase periods in 
England were running out. There was conse- 
quently a long delay in adopting the new in- 
vention, and though England ought, but for 
Parliament, to have led the world, as it did in railway 
construction, it has been kept behind other countries, 
and has suffered social, economic, and industrial Joss. 
There is no country which had so great a need for 
electric tramways as England. The corporations have 
been slow to try experiments owing to their careful 
trusteeship of the ratepayers’ money. The method of 
- valuation is more important than the period of pur- 
chase. If goodwill is not to be paid for, there is no 
adequate motive for developing a business. The cor- 
porations have actually lost on balance, for while 
Tramway Act price is less than enough for a good 
tramway, it is too much for a bad tramway. It pays 
the company better, when the purchase period is 
approaching, to retain an obsolete equipment, which 
ought to be scrapped, so as to make the corporation 
buy it. Practically no tramways are now made by 
companies on Tramways Act terms without modifica- 
tion; but the retention of the Act on the statute book 
stil] does a great dea] of injury to tramway enterprise- 


ROYAL BOTANIC GARDEN, CALCUTTA. 


The annual report of the Superintendent of the 
Royal Botanic Garden, Calcutta, for the year 1900- 
1901, and dated April 3oth last, has just been 
received. Major Prain, M.B., LL.D., describes the 
weather conditions during the first half of the year 
under review as normal. In the middle of September, 
however, a period of excessive rainfall set in, which 
lasted till the 25th. The amount of rain registered 
during the week, from 19th to 25th September incJu- 
sive, was 40} inches. The arrangements for the 
surface drainage of the Garden, which, thanks to the 
disposition of the Garden lakes and ponds, amply 
fulfil ordinary requirements, proved inadequate to 
meet the needs of precipitation so phenomenal. The 
6} inches that fell on September 19th considerably 
raised the surface level of the Garden lakes, the 13} 
inches of September 2oth filled all but one of them 
to overflowing, and the 8} inches that fell on Sep- 
tember 21st converted the whole of the western 
division of the Garden, which constitutes two thirds 
of its area, into an almost unbroken sheet of water. 
Falls of about 4 inches daily on the 22nd, and again 
on the 24th and 25th, helped to maintain the 
abnormal water level in spite of all the efforts of the 
staff to drain it off. In the eastern section of the 
Garden normal conditions were reached before the 
end of the month, and little damage was done by 
the flood. Fortunately, little wind accompanied the 
storm, and the damage due to trees being overthrown 
was confined almost entirely to three species— 
Dalbergia Sissoo, the Sissoo tree, Manihot Glaziovit, 
the Ceara-rubber tree, and Broussonetia papyrifera, 
the paper mulberry; many examples of each fell, 
chiefly, apparently, from their own weight, and 
owing to the sodden condition of the ground. The 
great damage to be recorded has been the death of 
many species as they stood. This has occurred not 
merely in the case of shrubs or herbs more or less 
covered with water during, and for a few days after, 
the storm, but largely also in the case of trees, many 
of them of large size and of considerable age, that 
stood during this time with only the bases of their 
stems submerged. 

With a small number of the species whose leaves 
thus wilted and fell, the result has not been the death 
of the plant. This has been notably the case with 
the rhea plant, Boehmeria nivea; all the plants of 
this species lost their leaves immediately after the 
storm, but, while a small per-centage have died off 
completely, the majority have survived, though it was 
not till early March that they showed signs of 
recovery. It is of practical interest, moreover, to 
note that, while this has also been the case with some 
plots of indigo of the Indian kind (/ndigofera 
téenctoria), and with a plot of Guatemala indigo 
(Indigofera oligosperma), two plots of Indigofera 
raised from Natal and from Java seed respectively, 
came by no harm. Another practical point may also 
be noted, It is generally understood that the sisal 
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hemp plant (Agava rigida var. Sisalana) is at a dis- 
advantage as compared with the Agave commonly 
planted along Indian roadsides, in that the former 
does not endure being flooded, while the latter is un- 
affected by inundation. In the present instance 
both species were equally unaffected by the in- 
undation. 

Economic Plants.—The usual attention has been 
given by the Garden staff to the propagation and 
distribution of useful plants throughout the year. In 
view of the interest that is being manifested in fibre- 
yielding species, especially in the Agaves, steps have 
been taken to increase the stock of those available 
for distribution. Particular attention was paid to the 
behaviour under cultivation of certain non-Indian 
Indigoferas, as compared with the Indian indigo 
plant, Jndigofera tinctoria, A representative collec- 
tion of the various Indian yams was brought together 
by the Department of the Reporter on Economic 
Products; the plants were cultivated in the Garden, 
and as far as possible determined. A complete 
report on this interesting subject cannot yet be sub- 
mitted, as several of the kinds, and particularly those 
most commonly found under cultivation, did not 
flower, and so could not be definitely identified. 
Their cultivation will be continued till this happens. 
A question having arisen as to the source of the seeds 
known as ‘“ Chaulmoogra,’’ largely used as native 
medicine, and now attracting considerable atten- 
tion in Europe, an endeavour was made to settle 
the point. The seeds in question have usually 
been attributed to the species known as Gynocardia 
odorata. Having satisfied himself that this opinion 
is erroneous, the Superintendent invoked the assist- 
ance of Dr. Watt, Reporter on Economic Products, 
to clear up the point. Thanks to Dr. Watt’s exer- 
tions the matter has now been definitely settled. The 
seeds known as Chaulmoogra are not those of the 
tree known by that name, but of the species known 
as Taraktogenos Kursii. Thanks to the assistance 
afforded by the Inspector-General of Forests, it has 
been possible also to finally settle the obscure question 
as to the source of the timber known as Padouk. 
This timber has been generally supposed to be yielded 
by Pterocarpus indicus. It now appears that Prero- 
carpus indicus is not an indigenous tree within the 
limits of the Indian Empire. The true or Burma 
Padouk is the timber of Pterocarpus macrocarpus, a 
species that occurs only in Burma. Andaman Padouk 
or Andaman Red-wood is the timber of Prerocarpus 
dalbergioides, a species that, is found in a wild state 
only in the Andamans. The use as a fodder-grass of 
Paspalum dilatatum, a native of America, which has 
proved very valuable in Australia owing to its 
drought-resisting qualities, has led to its introduc- 
tion to India on as large a scale as possible. Finding 
that very little seed could be spared by Australian 
correspondents of the Garden, the assistance of the 
Agrostologist to the Department of Agriculture of 
the United States was invoked. By the help of that 
officer, a large supply of the seed of this grass was 


obtained from America, and has been freely distributed 
throughout India. 

Herbarium.—The work of this department has 
gone on as usual. The number of named specimens 
distributed to other botanical institutions has been 
11,903. 

The contributed collections have again been of 
much interest and value, The chief contributions 
came from the Royal Herbarium, Berlin, 1,056 speci- 
mens; the Botanic Garden at Singapore, 885 
specimens; the Cantonal Museum of Fribourg, 318 
specimens; the University of Munich, 296 specimens ; 
Harvard University, 240 specimens; the Hof. 
Museum, Vienna, 205 specimens. 

Interchange of Seeds and Plants.—The receipts 
and issues of plants and seeds are fully detailed in 
the appendixes. The number of plants distributed 
was 59,300, a reversion to what may be looked 
on as the normal distribution. The demand for rhea, 
which led to the greatly increased figures of last year, 
has fallen off; those interested in the cultivation of 
this plant having now, in most cases, become pro- 
vided with an ample stock of plants. The number of 
plants received was 14,454. The number of packets 
of seeds reached 1,618, a considerable increase as 
compared with 1899-1900. The number of packets 
distributed was 5,670. 

Lloyd Botanic Garden.—Great progress has been 
made with the laying out of the piece of ground 
which formerly constituted the municipal vegetable 
garden. The scheme underlying the arrangement of 
the new portion is to make its contents as repre- 
sentative as possible of the indigenous flora of the 
Himalayas at and about the level at which Darjeeling 
is situated, leaving the original garden as far as 
possible, as it at present stands, a place in which 
exotic species capable of thriving at the altitude can 
be grown. During the year two hailstorms, one of 
exceptional severity, passed over the station of 
Darjeeling and did much damage to the Lloyd 
Garden; most of it, however, was fortunately of a 
temporary nature. The revetment work rendered 
necessary by the great storm of September, 1899, has 
practically been completed, to the satisfaction of the 
authorities entrusted with the care of slopes and hill- 
sides within the municipality. 


General Notes. 
punnan S 


SWINEY LECTURES.—A course of twelve lectures 
on the “ Geological Evidences of Former Geographi- 
cal Conditions,” will be delivered by John S. Flett, 
M.A., D.Sc., F.R.S.E., in the Lecture Theatre of 
the Victoria and Albert Museum, South Kensington 
(by permission of the Board of Education), on Mon- 
days, Wednesdays, and Fridays, at 5 p.m., begin- 
ning Monday, October 7th, and ending Friday, 
November Ist. These lectures are arranged under 
the direction of the Trustees of the British Museum. 
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Notices. 
a 


EXAMINATIONS, 1902. 


The Programme for 1902 is now ready, and 
can be had, price 3d., Post Free, on appli- 
cation to the -Secretary, Society of Arts, 
Adelphi, London, W.C. The Examinations 
for Grade I. and Grade II. will be on similar 
lines to those of the present year, no important 
changes having been made. The proposal to 
add a third, or Advanced Grade, will not be 
carried into effect at the next Examinations. 

The Examinations will commence on Mon- 
day, 14th April, and will be concluded on 
Thursday, 17th April. 

The last day for receiving applications is 
Wednesday, the 19th March, 1902. 

The Practical Examination in Vocal and 
Instrumental Music will commence on the 
30th of June. The last day for receiving 
applications is Monday, June 2nd. 

The questions for 1901 are included in the 
Programme. Those for the years 1896 to 1900 
inclusive can also be obtained (price 3d. each 
year) on application as above. 


Proceedings of the Society. 


ON 
HOWARD LECIURES. 


POLYPHASE ELECTRIC WORKING. 
By A. C. EBORALL, M.I.E.E. 


Lecture II.—Delivered March 3rd, 


The most important and difficult feature in 
connection with the design of a polyphase 
generator is the pre-determination of the 
pressure drop, for the successful working of 
the system is largely dependent upon the 
amount of this. With generators having a 
large drop of pressure between no load and 


1g0!. 


_ tive circuit. 


full load, necessitating a large increase of 
excitation to make up for it, the successful 
working of a large polyphase system becomes 
very difficult; it must be remembered that, as 
a rule, lagging currents are present, and the 
effect of these on machines having poor regu- 
lation is such as to cause large pressure 
variations in the supply. For with all alter- 
nating current generators the principal causes 
of the pressure drop are armature reaction, 
armature leakage, and the increase of field 
magnet leakage from no load to full load, the 
ohmic and eddy current drops being practically 
negligible. Now the effects of armature reaction 
and leakage depend largely upon the phase 
difference between the armature current and the 
pressure, a heavy lagging current causing the 
armature reactive and leakage fluxes to work 
more or less directly against the main arma- 
ture flux, causing a great drop in voltage, 
while a leading current of the same value 
causes these fluxes to act more or less 
with the main flux, thereby increasing the 
voltage of the machine ; between these limits 
the drop of the machine is zero, correspondin;r 
to a definite lead of the armature current. 
These facts will be clearer later, but mean- 
while it may be noted that the secret of success 
with polyphase generators consists in reducing 
armature reaction, and leakage (armature and 
field) to a minimum; a neglect of this may 
cause the generator to have an enormous 
pressure drop when fully loaded on an induc- 
It may happen for instance that 
however much the excitation of a generator 
(having considerable leakages) be increascd, 
the normal voltage is not attained, for as the 
excitation is raised with such a machine, the 
leakage fluxes will increase too. In the early 
days of polyphase working, when induction 
motors with their lagging currents first 
appeared, many costly experiences of this 
kind were made, but nowadays the causes are 
well understood, and the best modern machines 
leave little to be desired in these respects. In 
polyphase work (which is invariably power 
work) it is, as already indicated, of the greatest 
importance that the generators (and trans- 
formers also) should have reasonably small 
pressure drops when loaded on inductive loads. 
For otherwise large fluctuations in the supply 
pressure will take place, which will spoil all 
lighting work, and will seriously affect the 
performance of the motors connected to the 
circuit. It must be remembered that the 
torque of polyphase motors is proportional to 
the square of the impressed pressure; and, 
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therefore, if this pressure falls very much 
(owing, for instance, to a large motor being 
switched on) the motors may be unable to 
carry their full load, and certainly not an over- 
load, until the pressure is brought up to the 
normal. Again, if the generators have poor 
regulation, difficulties may occur with regard 
to the pressure regulation if the circuits are not 
equally balanced, which is very seldom the 
case in combined lighting and power work. 


Fic. 17 (aand b). 


= <=) eum am 


e 
VECTOR DIAGRAM OF MAGNETISING FORCES IN 
THREE-PHASE TWO-POLE ARMATURE. 


With these preliminary remarks we will pass 
on to a more dctailed consideration of the 
matter, following in the main the treatment of 
Mr. Rothert, his method being nowadays used 
with more or less modification* by most Con- 
tinental houses. 

Consider the case of a three-phase generator ; 


° The armature reaction of alternators and its effects have 
been specially studied in Germany. In addition to Mr. 
Rothert, Mr. Heyland and Professor Arnold have contri- 
buted much to the practical theory of the subject. Special 
attention must be called to the work of Dr. Behn-Eschenburg, 
of the Oerlikon Company, who was first in the field with a 
working theory, and whose work has done a great deaf to 
simplify the calculations involved in designing polyphase 
generators, l 


the magnetising forces of the individual phases 
set themselves together to form a resultant 
magnetising force, which is approximately 1'5 
times the maximum magnetising force of any 
one phase. That this is so is evident from an 
inspection of Fig. 17 (a and 4) representing the 
two pole case. There, three armature coils 
(Fig. 17a), spaced at an angle of 120° to one 
another, carry s¢musorda/ currents differing in 
phase from one another by 120°. Consider now 
the instant at which the currents in coils Aand B 
are equal in value; then the current in coil C 
will be twice the value of that in either of the 
other two, in order to satisfy the three phase 
relation. Thus the magnetising forces of coils 
A and B can be represented in magnitude and 
phase by the lines Oa and Ob respectively, while 
that of coil C will be represented in magnitude 
and phase by the line Oc, this latter vector 
being twice the length of either of the other 
two (Fig. 174). Now the direction in space 
of the three magnetising forces is the same, 
for the armature coils of the machine are 
of course connected in the same sense; 
consequently the lines Oa and Ob must be 
produced to Oa’ and Ob’, these two lines 
thus representing the magnetising forces of 
coils A and B in magnitude, phase and direc- 
tion. Their resultant is at once seen to be Od, 
so that the total resultant magnetising force is 
given in magnitude by the length of line Oc plus 
the length of line Od, namely Oe, or what is 
the same thing :— 


Resultant ampere- 
turns of three-)=1°5 X 1'41 X Ca x Sa, or 
phase armature.. 
ATay = 2'12 X Ca x Sa 


where Ca = virtual value of armature current 
per phase and Sa = number of turns in series 
per phase. 

As the currents rise and fall in the coils of 
the three phases, the resultant vector Oe 
rotates, so that this line represents the magni- 
tude, phase, and direction of the resultant 
ampere turns of the armature, which produce a 
synchronous rotary field, and which react on 
the field ampere-turns to a greater or less 
extent, according to the lag of the armature 
current. 

By means of similar reasoning, it is easy to 
sce that for two-phase machines the resultant 
ampere turns will be equal to 1°99 X Ca X Sa 
under similar assumptions, so we can write for 
this case A.Tr = 2 X Ca X Sa. 

It has been assumed above that the currents 
rise and fall in the armature windings in 
accordance with a sine law, but in practice 
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this is never the case For these reasons the 
multiplier 2°12 above (or 2, as the case may 
be), is always larger, depending upon the pro- 
portions of the generator, and we will replace it 
by the symbol, “ 4,’’ in the above formula for 
this reason. For a series of standard machines, 
designed on the same lines, and with the same 
general proportions, 4, will be approximately 
constant ; for standard types of revolving field 
or armature three-phase machines, an average 
value will be about 2°3. 

In practical calculations, it is unnecessary to 
know the value of 4,, for in estimating the 
amount of armature reaction for machines 
designed on standard lines, it is preferable and 
usual to make use of the “ short circuit current 
curve,’’ as described below; in this way, as 
we shall see later on, the value of 4, is taken 
into account indirectly. In order to calculate 


Fic. 18. 


Amperemeter 


DIAGRAMMATIC REPRESENTATION OF SHORT- 
CIRCUITED STAR - CONNECTED THREE - PHASE 
ARMATURE. 


what alteration of field excitation (at constant’ 


Speed) is necessary for a given design, in 
order that a constant E.M.F. may be main- 
tained at its terminals under different condi- 
tions of load, all that is necessary is that the 
short circuit current curve, and the no load 
characteristic, should be available. The former 
curve gives the relation between the ampere 
turns of field excitation, and the current per 
phase that will circulate in the short circuited 
armature windings under different conditions 
of excitation; the latter curve expresses the 
relation between the ampere-turns of field 
excitation and the induced E.M.F. per phase 
of the armature at the normal speed. 

These two curves,. which serve as a criterion 
of the pressure drop, are very easily obtained 
experimentally. To get the short circuit cur- 
rent curve, the generator is run at a convenient 
speed, with all the phases short-circuited ; an 
ampere-meter possessing negligible resistance 
and inductance is inserted in one of the short 


circuits, as shown in Fig. 18. The generator 
is now gradually excited, readings being taken 
of the short circuit current, and the corre- 
sponding values of exciting current ; as a rule, 
the excitation can be taken up to such a value 
that the short circuit current is about equal to 
twice the normal full load current of the 
machine. In this way, a curve, such as O Co is 
obtained (Fig. 19), which will be a straight 
line, over working limits, in a well designed 
generator, and which will pass through 
zero, if there is no remanent magnetism 
in the field system at the beginning of the test. 
The curve, as a rule, departs from a straight 
line at the higher values of exciting current on 
account of the armature leakage ; this latter is 
only proportional to the armature current at 
moderate saturations. At higher saturations 
the armature leakage does not increase pro- 
portionately with the current, so that the short 
circuit current curve will take a slight upward 
bend after a certain value of excitation has been 
exceeded. 

In order to obtain the no load characteristic 
of the machine experimentally, it must be run at 
the constant normal speed without load. A 
voltmeter is connected to its terminals, and an 
ampere-meter is inserted in the field circuit. 
The field current is varied by means of the 
field resistance, and the corresponding volt- 
meter readings noted; the curve obtained by 
plotting the two sets of readings, marked 
O oin Fig. 19 (p. 776), takes the exact shape 
of the “saturation curve” of the magnetic | 
circuit of the generator, to which it is of 
course proportional. 

It is a simple matter to calculate this curve 
with good enough accuracy when the data of 
the generator are available. The method is as 
follows :—Firstly, by means of the E.M.F. 
formula already given (see Lecture I.), 
calculate what the values of the armature flux 
Na must be in order that certain definite 
E.M.F.’s per phase may be induced in the wind- 
ings; in this formula Z, w, and # are known, 
the latter* being dependent upon the pole-pitch, 
pole-breadth, breadth of coil, etc. Secondly, 
calculate for each value of Na so obtained, 
what the corresponding fluxes in the other 
parts of the magnetic circuit are; this is 
readily done by estimating the leakage flux of 


e A discussion of this E.M.F. constant 4 must be 
reserved for another place, on account of the requirements 
of space. It may suffice here to note that in standard 
machines of modern design its value lies between 2'1 and 2°5, 
the average value, 2°2, being by far the most common with 
such designs. 
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the field system by means of an assumed. 
lcakage co-efficient, which may be taken as 
having the following values for standard slow 
speed generators of good design, where the 
ratio of pole shoe width (that is, gross length 
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Thirdly, for each value of magnetic 
flux, we calculate the flux density in 
each part of the magnetic circuit; that 
is to say, the magnetic areas of field 
yoke, field pole, pole shoc, air-gap, arma- 


Short Circuit Current per phase=Go 


/ 


Ampere Turns per pair of Poles = Sm x Gm 


No-LoOAD CHARACTERISTIC AND SHORT-CIRCUIT CURRENT CURVES OF THREE-PHASE GENERATOR. 


of armature core) to length of polar arc does 
not exceed 2: 1, and where the air-gap docs 
not exceed about 0°25 inch from iron to iron :— 


Bee oe are te ee et 
| | Approximate Valuc of Leakage 
| | Co-efficient. 


Frequency 
| No Load. Full Load. 
| 25 A els 1°2 
50 12 1°25 
bw | 1'25 


ture teeth under one pole, and arma- 
ture iron are first estimated, and then 
divided into the values for the flux obtained 
above. 

Fourthly, we estimate, from the drawings of 
the generator before us, the magnetic lengths 
of the various components of the magnetic 
circuit. 

The following schedule can now be filled in 
for various values of armature flux Na, the 
calculation being made for each complete 
magnetic circuit. 


September 27, 1901.) 


JOURNAL OF THE SOCIETY OF ARTS. 


777 


EXAMPLE OF SCHEDULE TO BE FILLED IN WHEN CALCULATING SATURATION AND No Loap 
CHARACTERISTIC CURVES OF A REVOLVING FIELD GENERATOR. 


Calculated OY. A 
Checked DY..sseessrnsessersosse 
Schedule No. 1.—Magnetic Data. 
ee PHASE GENERATOR NO......... 

Kilowatts (cos ¢ = 1) ....; Speed....; Terminal Volts....; Cycles....; Poles.... 
Armature connection.... ; Value of Z...... ; Average value of &...... 
Calculation of Field Ampere Turns for 6 =...... ; Na=...... ; Nu=..... ; 

Name of Part. Flux- Ampere- pou ampers Remarks. 


Field yoke ve 


Pole-cores ....: 


Pole-shoes*® 


density. 


turnsperinch 


EE | RE aa 


® The calculation for the pole-shoes can be in general neglected, the ampere-turns for the pole cores and pole-shoes 


being estimated together. 


The ampere-turns required per inch of mag- 
netic path (column 6) are obtained from the 
magnetisation curves (curves connecting flux- 
density and ampere-turns per inch) for the 
various materials, the values in question being 
determined by the magnetic properties of the 
materials making up the magnetic circuit. 
The ampere-turns for the air-gaps, of ‘fofal 
length, ‘‘lg’’ inches are of course obtained 
from the expression 


A Tg = 03132 ° Bg ° lg 


where ‘‘B,’’ is the air-gap flux-density in 
lines per square inch. We receive then in 
this way a series of values for the necessary 
ampere-turns of field excitation corresponding 
to the different values of E.M.F. per phase 
first assumed, that is to say, we can at once 
plot the no load characteristic of the generator 
in question. 

A word or two must be said here relative to 
the magnetic leakage of the field system. We 
have used above, a “leakage co-efficient,’’ for 
obtaining the field flux when the armature flux 
is known, but it may be said at once that 
unless this co-efficient is definitely known from 


previous tests carried out on generators of pre- 
cisely similar design, an error will be made of 
more or less importance when estimating the 
field flux. In fact, it-is best to regard the use 
of a field leakage co-efficient as leading to an 
approximate result only. When designing a 
generator, the armature will first be calculated, 
and then the next step is to determine the 
ampere-turns on the field system. But in order 
to get these, it is of course necessary to know 
the value of the flux in the field system, which 
is determined by the armature flux and by the 
leakage. This latter will obviously depend upon 
the dimensions of the field system, which are 
(with regard to length of pole) wholly de- 
pendent upon the ampere-turns of excitation 
required, and which are not yet known. It 
follows, then, that the dimensions of a field 
magnet required for a given armature are 
finally determined only after a number of 
trials. The usual mode of procedure is about 
as follows. Having obtained an approximate 
design for the armature, that is to say, the 
number of conductors, with their dimensions, 
the number of slots, with their dimensions, 
and the internal and external diameters and 
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the length of the armature core, we get at 
once the dimensions of the pole shoes. For 
the number of poles and the (known) internal 
diameter of the armature gives the value of 
the pole-pitch, from which we get, with the 
help of the E.M.F. factor $ (already assumed 
when calculating the armature), the value of 
the pole width; the pole breadth is made 
equal to the gross length of the armature 
core. The length of air-gap is now provision- 
ally evaluated, from the designer's experience 
with generators having similar armature and 
field magnet constants, and then the field poles 
are provisionally drawn out with the help of 
the leakage co-efficients given above. That is 
to say, their section is determined by the per- 
missible | flux - density, and their probable 
length is estimated from the designer’s pre- 
vious experience, taken in conjunction with the 
look of the drawing. It will now be seen that 
we have a provisional magnetic circuit, and 
from this we construct, exactly as above 
described, the no load characteristic of the 
generator, which must now be corrected as 
follows :— 

We have obtained a curve giving us approxi- 
mately the number of ampere-turns required 
per pair of poles for different voltages at the 
machine terminals. Let us assume for the 
moment that when the machine is working 
fully loaded on a circuit of low power-factor, 
the induced E.M.F. will be 20 to 25 per cent. 
greater than the terminal E.M.F.; from the 
curve see how many ampere-turns will be 
required to produce this value of induced 
E.M.F. Next, from the exciting pressure and 
the permissible current density in the field 
copper, get out the sizes of the field conductor, 
and then decide on its insulation and arrange- 
ment, and on the design of the field bobbin. 

We are now ina position to make the first 
correction to the no load characteristic, for we 
can now definitely fix the dimensions of the 
magnetic circuit, assuming, of course, that the 
air-gap length already given to the machine 
will not be afterwards changed. We proceed 
to alter the drawing, therefore, by indicating 
on it the true length and dimensions of the 
pole cores and yoke.* 

From the dimensions of the magnetic circuit 
obtained in this way, we can now estimate 
with good enough accuracy what the field mag- 
net leakage will be in this particular generator, 


° This will be later on considerably thickened up, in order 
to provide the necessary fiy-whcel effect, but the diminished 
flux density in the yoke brought about by this change will not 
materially affect the present calculation. 


when it is excited by a given number of ampere- 
turns on the field system. Let the sketch 
shown in Fig. 20(p. 779) represent one complete 
magnetic circuit of the machine; the various 
magnetic fluxes are represented by arrows.® 
The exciting ampere turns of the field winding 
produce a total magnetic flux ‘‘Ny,’’ which 
actually exists in the yoke ; of this flux a portion 
‘‘Na’’ gets into the armature, and actually cuts 
the conductors, while the remainder ‘‘ 72,” leaks 
across the gap between the adjacent poles. 
This field leakage flux, between the poles and 
pole-shoes, is marked ‘“‘ 7, ’’ in the figure ; it 
is clearly dependent upon (a) the air-gap length, 
(5) the length of the armature, (c) the pole- 
pitch and the distance between adjacent pole- 
cores and pole-shoes, (d) field excitation, (e) 
the depth of the poles and pole-shoes, and 
lastly, upon (f) the shape of the pole cores 
and pole-pieces. 

It will be seen, therefore, that the leakage 
flux can be readily estimated from the ordinary 
law of the magnetic circuit. Fora given value 
of field excitation, the magnetomotive force 
which drives the leakage flux across the air- 
space between the poles, is evidently zero at 
the yoke; at the pole-pieces it is equal to the 
ampere-turns required for the air-gaps, plus 
those necessary for the armature iron and 
armature teeth, when these parts are traversed 
by a magnetic flux corresponding to the 
ampere-turns of excitation in question, as 
obtained from the no load characteristic. So 
that if ‘‘ L” represents the breadth of a pole- 
shoe (that is, the gross length of the armature 
core), and if ‘‘d,’’ represents the depth of a 
pole-shoe at the side, the area across which 
the flux will leak from pole-shoe to pole-shoe 
is (L X dı) neglecting spreading, and this flux 
will have the value :— 

3°19 (L x di) _ A.T. for air-gaps 
np =~ ~j  * and armature 


where l, is the distance between the sides of 
the pole-shoes, all dimensions being in inches. 

In a similar manner we can estimate the 
leakage flux passing between the flanks of the 
pole-cores, the depth of these being “d,” 
the breadth being ‘‘ 4,’’ and the mean distance 
between the cores being ‘‘/.’’ But the mag- 
netomotive force acting across this distance is 
not the ampere-turns forair-gaps and armature, 
but is alf the total number of ampere-turns 


è For large slow speed flywheel type generators, the 
magnetic leakage sideways from the poles into the engine 
parts, etc., may be neglected with good designs, and hence is 
not indicated here. : 
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of excitation per pair of poles—we take half, 
because, as stated above, the magnetic potential 
increases from zero at the yoke to the amount 
used in the above equation at the pole-shoes. 
So the expression for the leakage flux between 
the pole cores is 

= 3°19 (b x de) š A.T. per pair of poles. 

vA 2 2. 

The total leakage flux across each air-space 
between a pair of poles is thus given by the 
sum of the above two equations, and bearing 
in mind that the leakage occurs on each side 


JOURNAL OF THE SOCIETY OF ARTS. 


779 


shape of the pole cores and pole-shoes, and it 
is in general sufficient to increase (L x dı) by 
100 per cent., and (ò X dz) by 30 — 50 per cent., 
in order to take this into account, while allow- 
ing a margin sufficient to cover the unavoid- 
able error in making the estimation. In 
making such a leakage calculation, an ex- 
perienced designer will make other corrections 
that may seem to him to be necessary, de- 
pending upon the design in question, and in 
this way he will be able to calculate the no 
load characteristic of the geerator in such an 


FIG. 20. 


à Pc am ani aad | 


N 


@ 


DIAGRAMMATIC REPRESENTATION OF FIELD AND ARMATURE LEAKAGE FLUXES IN A REVOLVING 
FIELD THREE-PHASE GENERATOR. 


of the poles, the total leakage flux per magnetic 
circuit is 

nm; = 2 (np -+ ne) 
and 

Nm — Na +a. 

It will be seen that the above-described 
simple method of estimating 7; takes into 
account all the conditions upon which the value 
of the leakage flux is dependent, with the ex- 
ception of (f). The calculation must thus be 
corrected in each case, as experience may 
dictate, that is to say, when getting out the 
areas (L x dı) and (ð X dz), a correction must 
be made for the sreading of the leakage flux. 
The amount of spreading will depend upon the 


"way that it will agree very closely with that 


obtained by test on the finished machine. 

When working on a new design, it is gene- 
rally advisable to calculate the whole of the 
curve, but for standard machines this is rarely 
necessary, a number of points over the work- 
ing range of voltage being sufficient. 

An inspection of the no load characteristic 
of a generator gives a good deal of information 
to the dynamo designer regarding the general 
properties of the machine, for he will im- 
mediately see upon which part of the curve is 
the working range of the pressure, and this 
will assist him in forming an opinion as to its 
general performance. Modern polyphase 
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generators for power work are invariably 
designed to work well up on the knee of 
the curve, as indicated in Fig. 19, which 
implies the use of relatively small air-gaps, 
and a well saturated magnetic circuit. This 
condition of working is fayourable to good 
pressure regulation, for, as already indicated 
in Lecture I., the ampere-turns of the arma- 
ture cannot cause sucha great change in the 
strength of the main field as they would do, 
for instance, if the point of normal voltage of 
the generator was found on the straight part of 
the curve. In this latter case, the pressure 
drop of the generator would be greater, and a 
larger increase of excitation would be required 
from no load to full load. 

At the same time, it is a mistake to force the 
magnetic circuit too much, that is, the normal 
voltage of the generator should not be too far 
along the knee of the curve. For firstly, 
it must be remembered that when calculating a 
highly saturated magnetic circuit, it is by no 
means easy to calculate the ampere-turns 
exactly, as the magnetic properties of the 
material are somewhat indefinite at high satura- 
tions. Cast-steel in particular is very un- 
reliable in this respect. It may therefore 
happen that when a generator designed on 
these lines is built and tested, it will be found 
to give too little pressure under load, although 
the designer allowed what he considered a fair 
margin. 

Secondly, the magnetic leakage of the field 
system will increase a great deal with the load 
if the pole cores and adjacent parts are very 
highly saturated, which means that the increase 
of excitation from no load to full load will be 
large. Again, even if abnormally small air- 
gaps are used, the excitation watts absorbed by 
the generator will be relatively too large, if the 
saturation of the field system is pushed too far. 

The object of thus forcing the magnetic 
circuit is, as indicated above, to still further 
diminish the pressure drop of the generator, 
and this brings us to the fourth objection to 
overdoing what is theoretically right. With 
generators driven by slow speed engines, it is 
a mistake to make the pressure drop too small, 
say less than 16 per cent. with full load of 80 
per cent. power factor, especially when the 
frequency is of the order of 40 to 60 cycles. 
For under these circumstances the synchronis- 
ing currents passing between the generators 
running in parallel will be abnormally large, 
and the parallel running of the plants may be 
rendered very difficult, if not impossible, 
especially if the speed variation of the engincs 


(in the revolution) happens to exceed certain 
limits fixed by practice as being necessary for 
good parallel running. 

We will now return to the short circuit 
current curve, and the question of the pre- 
determination of the pressure drop and of the 
necessary increase of field excitation from 
no load to full load of a polyphase generator 
represented bya given design. Let us suppose 
that a three-phase generator is short-circuited 
as already described (Fig. 18) at such an exci- 
tation that the current in the short-circuit is 
equal to the normal full load current of the 
machine; this excitation, and with it the arma- 
ture flux, will, of course, be small, for there is 
no terminal E.M.F., the induced E.M.F. being 
simply that required for driving the current 
through the short-circuited armature. In 
Fig. 21a let this induced E.M.F. be represented 
by the line OP zz phase; the line O P there- 
fore represents in phase that small E.M.F. 
necessary to overcome the ohmic resistance of 
the armature windings, and the demagnetizing 
effect of the eddy currents in the pole-shoes. 
The flux inducing this E.M.F. which latter 
we will denote by ‘‘e’’ is of course in quadra- 
ture with it, and can be represented in magni- 
tude and phase by the line OB. Now as 
there is no terminal E.M.F., and as the short 
circuit is non-inductive, the short circuit current 
C, (equal to the normal full load current of the 
generator) is in phase with e, that is, it.is also 
represented in phase by the line O P. 

Now the current, Co, circulating in the short- 
circuited armature, produces a leakage flux, 72, 
in phase with it round the slots (see Fig. 20), 
and other local paths in the neighbourhood of 
the armature coils; let the line, OA (Fig. 21a), 
represent this flux in magnitude and phase. 
The resultant of the two fluxes, OA and OB, 
is given in magnitude and phase by the line 
B A, which therefore represents that flux 
actually existing in the armature iron, in order 
that the current Co may circulate in the 
short-circuited windings. 

The armature leakage flux, OA, has already 
been referred to in the first lecture—it is the 
flux which rises and falls with the armature 
current, inducing in the windings the so-called 
“ self-induction E.M.F.’’* of the armature. In 
a well-designed generator it is relatively small, 


* This exceedingly awkward term has done much to com- 
plicate practical alternating current calculations in the past. 
The whole conception of self-induction is unnecessary to the 
designer of polyphase plant, for the phenomena in question 
are far casicr and more accurately taken into account in 
other ways, as it is hoped these lectures will show, 
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as is also the flux O B, for if this flux was large 
it would, of course mean that the machine was 
inefficient. 

As already stated, the field excitation of our 
short-circuited generator was so adjusted that 
the short circuit current per phase (Co) is equal 
to the normal full load current (Ca) of the 
generator. We will now proceed to investi- 
gate what the magnitude of this excitation is. 


FIG 21 (a, 


O A 


Flux required for 
total lost volts‘e" 


Resullant Ampere Turns of armature 
Co 


=A Ina hy x Sa x 


Ampere Turns 
necessary for 
the fiuxA.R. 
in the 


N Resultant Flux actually 
existing in armatureiron 


they can be represented to a suitable scale by 
a line C D (Fig. 214) drawn parallel to the 
resultant flux line A B (Fig. 21a), for they are 
naturally in phase with this flux. Now the 
current in the three phases of the short 
circuited armature produces, as we have 
already seen, a resultant reactive magnetising 
force, represented by 
ATr =k; ° Ca’ Sa. 


b, and c). 


Armature Leakage Flux ‘ng) 


Phase of"e" &U, 


D ‘ 

| ’ ) = - 

p= Pee E AE SR EE s EAEE E E A E EEA : 

y (Ampere Turns) ' a, Ya 0 > 

l | i 

! ‘ : 
O; C E.. 

2 3 : 

x Cin 


- 


D 


Note! When@ Is negligably small, (p x Sm x Cm)= {ihs Sax Co) + OCl=AT, 


VecToR DIAGRAMS OF MAGNETIC FLUXES AND AMPERE-TURNS FOR SHORT-CIRCUITED POLYPHASE 
GENERATOR. 


The actual existing flux in the armature 
iron, represented by the line A B, requires a 
definite number of ampere-turns on the field 
system to produce it, depending upon the 
reluctance of the magnetic circuit. These 
ampere - turns are easily ascertained from 
the saturation curve of the generator,* and 


® As under the assumed conditions (Cy = C,) the satura- 
tion of the magnetic circuit will be very low, the resultant 
ampere-turns are proportional to the resultant flux in the 
armature. 


Working this value out forthe present case 
(putting Ca = Co) we can represent it by a 
line, C E, parallel to O P (which gives the 
phase of the armature current, Co ), the scale 
for this line being, of course, the same as the 
scale for the resultant ampere-turns, repre- 
sented by the line C D. 

If now we join the points J) and E, we obtain 
a line D E, which represents in magnitude and 
phase the field ampere-turns necessary in order 
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that the given short-circuit current may flow, 
and if scaled off from the diagram, this line 
D E will be found to give a value for the field 
ampere-turns which is equal to the actual 
number of field ampere-turns on our short- 
circuited generator. The reactive ampere- 
turns of the armature, represented by the line, 
C E, will not differ very much (in a well de- 
signed machine) from the field ampere-turns 
represented by the line DE. Asa matter of 
fact, if a generator be excited to a definite 
value, and then the armature is short-circuited, 
the current will rise to such a value as to make 
the reactive armature ampere-turns very nearly 
equal to the field ampere-turns, and the better 
the generator, the smaller will be the (vector) 
difference between these two values. Of course, 
ifthere was no armature reaction (that is, if 
length C E =O), there would be an enormous 
short-circuit current with the excitation repre- 
sented to scale by the line D E. 

By combining diagrams, a and b (Fig. 21), 
we obtain the complete vector diagram of the 
short-circuited generator, and from it we get 
the law of the machine when working under 
these conditions. If we alter the scale of 
diagram (a) to that of diagram (4) we obtain 
diagram (c) in Fig. 21; as OA is parallel to 
CE we have simply to alter it in the proportion 
of CD : AB, getting the diagram ODE, in 
which the piece OC evidently represents the 
armature leakage flux 7, expressed in ampere- 
turns. 

As already indicated, OD is relatively small 
in well designed machines, that is, the angle @ 
is very small, being less than 10° in standard 
generators. Under these circumstances we 
make no sensible error by assuming OE to be 
equal to DE, and consequently get the law of a 
well designed short-circuited generator as fol- 
lows :—‘‘ On short circuit, the ampere-turns of 
excitation on the field system are equal to the 
resultant reactive ampere-turns of the armature 
plus the ampere-turns corresponding to the 
armature leakage flux.’’ 

Referring once more to the diagram, Fig. 214, 
it is clear from what has been said above that 
we could have arrived at this diagram without 
actually calculating the reactive armature 
ampere-turns A Tr: For, having obtained the 
line CD in the manner indicated, we could 
draw a line of indefinite length from C parallel 
to OP, and then, from centre D, and a radius 
equal to the total ampere-turns on the field 
system of our short-circuited generator, de- 
scribe an arc, thus getting at once the point 
E, and the triangle of ampere-turns C D E. 


The law of a short-circuited polyphase gene- 
rator, given above, can evidently be expressed 
in the following way :— 

2 X Cm X Sm = f X Sa x Co 


or Co =: 


Where p = number of pole-pairs on field system. 

» Cm = field current corresponding to the short- 

circuit current Co, 

»» Sm == number of turns per pair of poles. 

» ff = a multiplier. 

The multiplier “ f,’ which we may call the 
“ short-circuit, current factor,’’ is a constant 
for a uniformly designed series of generators 
of the same type. It includes the factor ‘‘ &,"’ 
which we have used for calculating the re- 
sultant armature ampere-turns, and also a 
factor for taking into account the magnetic 
leakage of the armature. Assuming that the 
value of “f” is known from previous experi- 
ence with generators of the same type, the 
above equation enables the short-circuit current 
curve to be easily calculated from the data of 
the machine ; the drawings of a newly-designed 
generator being before us, we can (for instance) 
put Co equal to the normal full load current 
Ca of the machine in the above equation, and 
Sa, f, and g being known, we get at once 
the value of (Cm X Sm) thus fixing the short- 
circuit current curve. 

For a design of a quite new type of machine, 
it is not a difficult matter to calculate the value 
of the factor “f,” with good enough accuracy, 
from the drawings and data, but space will not 
allow us to go into the details of this calcula- 
tion here. Naturally, the value for “f” so 
obtained will be checked by experiment after- 
wards on the finished generator, and after a 
number of generators having the same con- 
stants have been built and tested, the value 
for the short-circuit current factor may be said 
to be fairly well known for the type. It is then 
available for calculating new machines de- 
signed on the same lines; but naturally in 
this matter, the experience of the designer 
plays a very important part. 

(lo be continued.) 


Miscellaneous. 
———- 


THE POPULATION OF EUROPE. 
Among the topics dealt with in the Presidential 
address to the Economic Section of the British 
Association by Sir Robert Giffen was that of the in- 
crease of European population during last century. 
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A very remarkable fact, arising out of the most 
recent census returns, was the enormous increase of 
the population of European countries, and of peoples 
of European origin during the century just passed, 
especially the increase of the English people and of 
the United States, along with the comparative 
stationariness of the population of one or two of the 
countries, particularly France, at the same time. 
The growth all round is from about 170 millions at 
the beginning of the century to about 510 millions 
(excluding South American countries and Mexico) ; 
while the growth of the United States alone is from 
a little over 5 to nearly 80 millions, and of the 
English population of the British Empire from 
about rs to 55 millions. Germany and Russia 
also show remarkable growth — from 20 to 55 
millions in the one case, and from 40 to 135 
millions in the other — partly due to annexation; 
but the growth of France is no more than from 
25 to 40 millions. The effect necessarily is to assure 
the preponderance of European peoples among the 
races of the world—to put aside completely, for 
instance, the nightmares of yellow or black perils 
arising from the supposed overwhelming mass of 
yellow or black races, these races by comparison being 
stationary or nearly so. The increase of population 
being continuous, unless some startling change occurs 
before long, each year only makes European pre- 
ponderance more secure. Equally it follows that the 
relative position of the English Empire, the United 
States, Russia, and Germany has become such as to 
make them exclusively the great world powers, 
although France, for economic reasons, notwith- 
standing the stationariness of its population, may 
still be classed among them. When one thinks what 
international politics were only a hundred years ago— 
how supreme France then appeared ; how important 
were Austria, Spain, Italy, and even countries like 
Holland, Denmark, and Sweden—we may surely 
recognise that with acomparatively new United States 
on the stage, and with powers like Russia and Ger- 
many, come to the front, the world is all changed 
politically as well as economically, and that new 
passions and new rivalries have to be considered. 

The figures also suggest that for some time at least 
the movements going on must accentuate the change 
that has occurred. According to the latest figures, 
there is no sign that either in France or any other 
European country which has been comparatively 
stationary has any growth of population commenced 
which will reverse the change, while a large increase 
of population goes on in tbe leading countries named. 
This increase, it is alleged, is going on at a diminish- 
ing rate—a point to be discussed afterwards— but in 
the next generation or two there is practically no 
doubt that the United States will be a larger inter- 

ational factor than it is, both absolutely and rela 
tively, and that Russia, Germany, and the English 
people of the British Empire will also grow, though 
not in such a way, apparently, as to prevent the greater 
relative growth of the United States, and notwith- 


standing perhaps some relative changes of a minor 
character amongst themselves. 

The foreign nations then with which the British 
Empire is likely to be concerned in the near future, 
are Russia, Germany, and the United States; and 
other Powers, even France, must more and more 
occupy a second place, although France, for the 
moment, partly in consequence of its relations with 
Russia, occupies a special place. 

Another idea which follows from a consideration of 
the same facts is the necessity laid upon the British 
Empire to consolidate and organise itself in view 
of the large additions of subject races made to 
it in the last century, and especially in the 
last twenty years of the century. In a paper 
read before the Royal Colonial Institute two 
years ago, an attempt was made to show that the 
burden imposed on the white races of the empire by 
these recent acquisitions was not excessive, as far as 
the prospect of internal tumults was concemed. 
Relatively to some other Powers, especially France, 
we have also been gaining internationally in strength 
and resources. But whether we had gained interna- 
tionally on the whole, looking at the growth of 
Powers like Russia, the United States, and Germany, 
and their greater activity in world-politics, was a 
different question. The problem thus stated remains, 


PROTECTION OF BUILDINGS FROM 
LIGH TNING.* 


The last time this subject was brought before this 
Association was at the Bath meeting in 1888, when a 
joint discussion of Sections A and G was held; but 
there has been no official report as to the effect of 
lightning stroke upon buildings protected by con- 
ductors since the Lightning Rod Conference of 1882. 
Interest in the subject has been again revived, first, 
by the Electro-Technische Verein of Berlin, who 
have this year published a set of rules; and secondly, 
by the establishment in this country of the Lightning 
Research Committee, organised jointly by the Royal 
Institute of British Architects and the Surveyors’ 
Institute. 

The author compares Continental and American 
practice, and gives an account of his re-arrangement 
of the system used at St. Paul’s Cathedral, where the 
conductors, erected as recently as 1872, were found to 
be totally inefficient, both as regards the conductivity 
of the joints and the resistance of the earth connec- 
tions. In the plan recommended, both for this in- 
stallation and for the more recent one at Westminster 
Abbey, the number of ordinary conductors from air to 
earth has been greatly increased, and, besides these, 
horizontal cables are run on the ridges of the roofs, 
and in other prominent positions so as to encircle the 
building, being interconnected to the vertical con- 
ductors wherever they cross one another. The hori- 

e Abstract of a paper read before Section G of the 


British Association at Glasgow, by Killingworth Hedges 
M.Inst.C.E., M.I.E.E. 
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zontal cables are furnished at intervals with aigrettes, 
or spikes, which are invisible from the ground level, 
and are designed to give many points of discharge. At 
the same time they, in conjunction with the cables, 
would receive any side flash which might occur should 
any portion or the building receive a direct stroke of 
lightning. 

The unreliability of soldered joints for conductors, 
whether of cable or tape, has led the author to design 
a special joint box, which can be applied for uniting 
any portion of the system together in such a manner 
as to give great mechanical strength as well as good 
electrical contact; at the same time any box can have 
points inserted so as to form an aigrette in any desired 
position. 

Owing to the difficulty of sinking an earth plate of 
sufficient area, on account of old foundations, a special 
form of tubular earth has been designed which takes 
up little space and has the advantage that if a suitable 
moist ground is not obtainable the desired low 
electrical resistance is attained by leading a tube in 
connection with the rain-water pipes, so that a portion 
of the rainfall is diverted to the tubular earth. 

The author alludes to the immense amount of 
damage to property annually occurring, which might 
be prevented if efficient conductors were installed. 
He mentions that instead of every church having its 
lightning conductor, not ten per cent. are so pro- 
vided ; and, in the case of other public buildings, the 
per-centage is not much larger, the reason in the case 
of the former class of buildings being that a vicar 
wishing to safeguard his church, has usually to pay 
the cost out of his own pocket. 

Architects, as a rule, treat the question of lightning 
conductors in a very brief manner, and in their 
specifications seldom say anything as to the way in 


which they are to be run, or the necessity for good 


joints and good earth connections. 


Correspondence. 


en 


FORESTRY IN INDIA. 


If Sir George Birdwood was pained on reading my 
note on the above subject in the Journal of the 3oth 
August, then he has only to thank himself and Sir 
George King. They are the attacking party and not 
I, who was just as much pained, as Sir George Bird- 
wood, by what he and Sir George King had pub- 
lished. Why did the latter bring in my name? As 
he had done so, surely I was justified in defending 
myself. Had he left me alone, I should have been 
the last person in the world to write on the subject. 

And now Sir George Birdwood, in his last note, 
brings in the names of quite a number of other 
gentlemen, of whom I did not think for a moment 
when I wrote my note. In the original draft of my 
note, I had introduced in the last paragraph the 


names of Sir George King and Sir George Birdwood ; 
but on the Secretary’s advice that it would be better 
to leave out any reference to individuals, I struck out 
the two names when correcting the proof. I now 
regret this, since it has enabled Sir George Birdwood 
to introduce the names of the other gentlemen as 
champions on his side. As far as I am concemed, 
however, this controversy rests only between Sir 
George King and Sir George Birdwood on one side, 
and myself on the other. 

As to the merits of the case, I am content to leave 
that to the judgment of those readers of the Journal 
who are fully acquainted with the facts. 

W. SCHLICH. 
16th September, rgor. 


Obituary. 
————_— MMM 


Sır CHARLES EDWARD BERNARD, K.C.S.I.—Sir 
Charles Bernard, a member of the Society of Arts since 
1889, died, on September 19th, at Chamonix, after ten 
days’ illness. He always exhibited an active interest 
in the work of the Indian Section, and made various 
important contributions to its discussions. A nephew 
of the illustrious John Lawrence, he was born in 1837, 
and at the age of 21 was appointed from Haileybury 
to the Bengal Civil Service. After three years service 
in the Punjab, he was posted to the Central Provinces, 
where, under Sir Richard Temple and Sir John 
Morris, he soon attracted attention as a promising 
administrator. He had previously been for some 
time an Under Secretary to the Government of India, 
and nine years later he was again brought to Calcutta, 
where he held influential positions under the Bengal 
Government, including a seat in the local Legislative 
Council. As Secretary in the Scarcity and Relief 
Department, he rendered valuable assistance to Sir 
Richard Temple in connection with the Bengal 
Famine of 1874, and when, three years later, Lord 
Lytton despatched Sir Richard Temple on a special 
mission to Madras and Bombay famine districts, he 
took with him as his secretary, Sir Charles, then Mr. 
Bernard. In Angust, 1877, he was recalled to the 
head-quarters of the Supreme Government as Addi- 
tional Secretary in the Revenue Department, from 
which he was transferred in a similar capacity to the 
Financial Department. In May, 1878, he became 
the head of the Home Department, and in July, 1881, 
was made Secretary of the Revenue Department. 
He will perhaps be remembered best in India as the 
Chief Commissioner of Burma when King Theebau 
was dethroned and Upper Burma annexed to the 
British Empire. He came home finally in 1888, and 
in the same year succeeded the late Mr. W. G. 
Pedder as the Secretary of the Revenue Department, 
India Office, a post he continued to fill until March 
last, his term of office beinz extended two years 
beyond the usual period, j | 
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Notices. 
—— 


PRIZES FOR DESIGNS FOR 
FURNITORE. 


The Council of the Society of Arts holda 
sum of £400, the balance of the subscriptions 
to the Owen Jones Memorial Fund, presented 
to them by the Memorial Committee, on con- 
dition of their spending the interest thereof in 
Prizes to ‘‘ Students of the School of Art who, 
in annual competition, produce the best designs 
for Household Furniture, Carpets, Wall-papers 
and Hangings, Damasks, Chintzes, &c., re- 
gulated by the principles laid down by Owen 
Jones.”’ 

The prizes will be awarded on the results of 
the Annual Competition of the Board of Educa- 
tion, South Kensington. Competing designs 
must be marked ‘‘ In competition for the Owen 
Jones Prizes.” 

No candidate who has gained one of the 
above prizes can again take part in the 
competition. 

The next award will be made in 1902, when 
Six prizes are offered for competition, each 
prize to consist of a bound copy of Owen 
Jones’s ‘‘ Principles of Design,” and the 
Society’s Bronze Medal. 


Proceedings of the Society. 
—_——__.—_—_____.. 

HOWARD LECTURES. 
POLYPHASE ELECTRIC WORKING. 
By A. C. EBORALL, M.I.E.E. 
Lecture II. (continued) — Delivered May 
3rd, 1901. 

A knowledge of the short-circuit current 
curve of a generator is clearly of the greatest 
possible service, for from it we can see at once 
what the magnitude of the total armature re- 
action is. By ‘‘ total armature reaction’’ we 
mean the armature reaction proper, together 


with the armature leakage, which are the 
principal quantities affecting the drop of the 
generator, assuming that the field system 1s 
well designed. It thus becomes unnecessary 
to calculate the resultant ampere-turns of 
armature reaction (See formule ona previous 
page) for this is embodied in the curve, which, as 
we have seen, takes into account the multiplier 
Ai, as well as the effects of armature leakage. 
The short-circuit current curve of a generator 
gives us, in fact, the equivalent field ampere- 
turns corresponding to different values of 
armature current. 

But it is only in two particular cases, and 
under certain assumptions, that we can use the 
curve directly for estimating what increase of 
field excitation has to be made in order to keep 
constant pressure at the generator terminals 
with a given armature current. These two 
cases are when cos ¢= o, that is, when the 
current is leading or lagging by go’; the 
assumptions are (1) that the pole face eddy 
currents and the armature resistance are neg- 
ligibly small, and (2) that the magnetic leakage 
of the field system is constant at all loads of 
the generator. 

Under these circumstances, in order to find 
the pressure drop of the generator with a given 
armature current of Ca amperes from no load to 
full load at constant speed and excitation, or to 
find what increase of excitation is necessary for 
this armature current from no load to full load 
at constant speed and terminal pressure, we 
simply proceed as follows. 

From the no load characteristic, see how 
many ampcere-turns of field excitation are 
necessary in order to produce the normal 
pressure at the terminals of the generator, E; 
let us call these A T,. Next, refer to the short- 
circuit current curve, and, for a short-circuit 
current equal to Ca amperes, see how many 
field ampere-turns are necessary in order to 
balance the total reaction of this current: call 
them A T;. Then, when cos ¢=0 (and 
under the above - mentioned assumptions) 
AT, + ATs gives the necessary ampere- 
turns of excitation with the lagging or leading 
load of Ca amperes inthe armature. A refer- 
ence to the no load characteristic, gives us the 
value of induced E.M.F. “ &’’ corresponding 
to this new value of exciting amperc-turns, 
whence (& + E) gives at once the alteration in 
the value of the induced E.M.F. from no load 
to the load Ca. As the armature reaction of a 
generator is practically the same for all angles 
of lag (or lead) after about 70°, the above 
method can be used between the limit of cos 
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@ = 0—0°3 for quick approximate calcula- 
tions of the necessary full load excitation and 
probable drop or rise under these conditions. 

We now pass on to the determination of the 
pressure drop and excitation for the general 
case, that is, for any angle of lag or lead and 
without the above assumptions. For although 
the first of these is perhaps allowable on account 
of the comparatively small effect armature re- 
sistance and pole-face eddy currents have on 
the drop of the generator, the second assump- 
tion is certainly not permissible with modern 
designs, in which the magnetic saturation of 
the field system is carried to a fairly high value. 
Assuming then that the no load characteristic 
and short-circuit current curves of a particular 
generator are known, we can determine the drop 
at any load having any power, factor (cos ¢) by 
means of these curves and a simple vector 
diagram. The problem may be thus stated. If 
a given (three-phase) generator be designed 
to furnish a full load current of Ca amperes per 
phase under a pressure of E volts per phase 
when driven at its normal speed of # revolu- 
tions per minute, what will be the necessary 
excitation at full load at different power 
factors for this pressure and speed. 

It is most convenient to consider a single 
phase of the armature, afterwards combining 
the pressures per phase (if the armature is 
star connected) in order to get the terminal 
pressure of the generator. Therefore, in 
Fig. 22a, let the no load characteristic and 
short-circuit current curves of the generator 
per phase be represented by the curves OC 
and OS respectively. Mark off on curve OC 
the normal voltage of the machine, E, corre- 
sponding (at no load) to the excitation AT); 
mark off on curve OS the normal current 
of the machine, Ca, which corresponds to an 
equivalent field excitation of ATs ampere- 
turns. 

We will first consider the case where 
cos ¢ = 1, and neglect the effect of ohmic 
resistance, ecte.; afterwards it can be shown 
how to correct for this. 

In Fig. 22d, set off a line, O F. representing 
the phase of the generator c.M.F. E; at 
tight-angles to this set off the line O N, which 
will represent the phase of the flux inducing 
the E.M.F. OE. Next mark off, on the line 
O E, a piece, ATs, equal to the value A Ts ob- 
tained from the short-circuit current curve ; 
also on the line ON, mark off a piece, AT), 
equal to A T, obtained from the no load cha- 
racteristic curve. Join AT,toAT. 

It will be seen that the triangle, O = ATs - 


A T, is an ampere-turn triangle, similar in 
character to the ampere-turn triangle we found 
for the short-circuited machine (Fig. 21c), but 
as in the present case the generator is working 
upon a load, furnishing its current under a 
definite terminal pressure, there is a very much 
larger resultant field (and resultant number of 
ampcre-turns) corresponding to this pressure ; 
the total reactive ampere-turns of the armature 
(A Ts) are in phase with the terminal E.M.F., 
because the current and terminal pressure are 
in phase — cos ¢ = 1. In Fig. 224, therefore, 
the line OAT, represents in magnitude and 
phase the resultant ampere-turns; O AT, the 


FIG. 22 (a, b, and c). 


ILLUSTRATING A GRAFHICAL METHOD OF PRE- 
DETERMINING THE INCREASE OF EXCITATION, 
ETC., FOR A POLYPHASE GENERATOR WITH A 
GIVEN LOAD, 


total reactive ampere-turns, and the line joining 
A T, to ATs the ampere-turns of field excita- 
tion. 

Consequently, if the magnetic leakage of the 
field system was the same at full load (Ca am- 
peres) as at no load, we should get the full load 
excitation by simply marking off the piece 
O — AT, in Fig. 22a, equal tothe piece A T,- 
A Ts, the induced armature pressure under these 


circumstances being O 6', and the rise of pres- 


sure would be given by O &'— OE. But 
the leakage co-efficient is not constant at 
all loads. We have already seen how it in- 
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creases with the excitation af mo load; in 
addition to this, it increases with the arma- 
ture current, which produces an effect entirely 
analogous to an increase of air-gap length, 
and a correction must consequently be made 
in order to take this effect into account. 

Experience with polyphase generators of the 
inner and outer pole types shows that, for a 
constant resultant flux in the armature, the 
increase of magnetic leakage in the field 
system with the load is proportional to the 
increase of field excitation required from no 
load to the load in question. We can conse- 
quently correct the diagram in the following 
manner. 

Suppose the co-efficient of field leakage at 
the excitation of AT, (corresponding to the 
necessary flux for E volts at no load), was 
found to be v, by previous estimation; then 
we may say with good enough accuracy that 
the leakage co-efficient at a field excitation of 
A T, ampere-turns is given by 

AT, 

neitie- nse} 
and that the extra ampere-turns of excitation 
necessary to make up for this increase in the 
leakage co-efficient (caused by the full load 
armature reaction) are AT; = A T'm - ATn, 
where AT'm represents the ampere-turns re- 
quired for the yoke and field poles when the 
co-efficient of leakage 7 is employed, and 
A Tm the ampere-turns required for these paths 
when the original leakage co-efficient v is 
employed, each value of ampere-turns being 
reckoned out on the same basis, namely of an 
armature flux necessary to produce a pressure 
of E volts per phase on open circuit. 

The loss in field excitation A T; causes a 
corresponding loss of pressure, which is given 
by OE — O E' (Fig. 22a). But the generator 
has to furnish current at a pressure of OE 
volts, not OE’ volts, and, consequently, the 
excitation is greater than the value, A T;, pre- 
viously found. The new and approximately 
correct value is obtained by shifting the points, 
6 and c, along the curve by an amount repre- 
sented by the length of the piece a d. We thus 
obtain the point, d (the new position of point c), 
and get O - AT as the final value of the field 
excitation. 

That is to say, neglecting the effects of 
armature resistance and  pole-face eddy 
currents, the necessary excitation o? the 
generator when furnishing a current of Ca 
amperes per phase at a pressure of E volts 
at the terminals, is represented by the value, 
O — AT, when the lcad is non-inductive. If, 


at this value of ficld excitation, the load on 
the generator is suddenly switched off, the 
pressure at the terminals will rise from E 
volts to the value O č, assuming the speed to 
remain the same. 

There are two ways of correcting the values 
obtained above in order to take into account 
the effects of armature resistance and of the 
pole-face currents. Itis, of course, practically 
impossible to calculate the fall of pressure 
due to the latter, and hence the effect is best 
considered by assuming the armature to have 
a greater resistance than is actually the case. 
Thus for hole windings (two or more holes per 
pole per phase) and solid pole-shoes, the re- 
sistance per phase of the armature, which we 
may denote by Ra, may be considered as being 
doubled, while for similar hole or slot windings, 
and well laminated poles, the armature resist- 
ance can be considered as being about 50 per 
cent. greater than it really is. The designer 
will here make use of his previous experience 
with the type of generator in question, and 
estimate the per-centage in accordance with 
it; as the combined cffect of armature resist- 
ance and pole-face eddy currents is relatively 
small, an error in estimating the amount of the 
drop produced by them, does not seriously 
affect the principal result. 

The total lost volts per phase (e) are therefore 

iven b 
s r e= 2 (Ca x Ra ) 
to be on the right side, and the values obtain: 1 
above for the rise of pressure and increase of 

e 
cos @ 
the value O &. This gives the corrected val-ie 
for the induced pressure per phase at full load, 
and from it we immediately get the correctcil 
value for the field excitation with the help ot 
the curve. The value, ‘‘e,’’ must be divided 
by cos 9, because it is always in phase with the 
current (for it may be regarded as being the 
“driving” E.M.F.), and consequently must 
be geometrically added; when cos ¢ = 1, this 
is of course the same as arithmetical addition. 

The second way of making the correction is 
as follows. Referring once more to Fig. 21, 
we see that if armature resistance and pole- 
face currents were absent, the line D E (21c) 
would coincide with the line O E—in other 
words, the ampere-turns of field excitation 
would be in phase with the ampere-turns of 
(total) armature reaction. The angle @ is 
therefore a measure of the lost volts, produced 
by armature resistance and pole-face eddy 
currents, and in modern well-designed genc- 


to 


excitation can be corrected by adding 
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rators this angle will be between 7 and 10 
degrees. If, therefore, in Fig. 22, we set off 
the current vectors at an angle of ( + 10°), 
instead of 9°, the lost volts will be taken into 
account with sufficient accuracy. 

Diagram c in Fig. 22 shows the relation of 
the ampere-turns when the generator is loaded 
inductively with the same armature current 
(Ca amperes) under the same terminal pressure 
(E volts) as before; the circuit has been assumed 
to have a power factor (cos @) of 0°7. In this 
diagram, the lines OE and ON remain as 
before, the no load ampere-turns (A T,) ob- 
tained from the no load characteristic, of course 
also having the same value, as well as the 
armature reactive amperc-turns (A Ts) obtained 
from the short circuit current curve, for the 
terminal pressure and armature current have 
the same values as before. But the current 
vector OC, is no longer in phase with the 
vector O E, but lags behind it by an angle of 
45°, for cos 45° is abouto-7. The value A T; is, 
therefore, set off along the vector O Ca, and the 
resultant of A Ts and A T, is found by joining 
the two points, as before, which gives the value 
for the field excitation under the new con- 
ditions, uncorrected for the increase in the 
magnetic leakage of the field system, and for 
the lost volts. The new value of field excitation 
is immediately seen to be considerably greater 
than the value obtained (A T) for the case of a 
non-inductive load. 

To find the actual full load excitation, that 
is, allowing for the increased ficld leakage, 
and for the lost volts, we proceed in exactly 
the same manner as before, making use of the 
no load characteristic curve, and cither of the 
methods given above for taking into account 
the effects of the armature resistance, and 
of the pole-face currents. It is unneces- 
sary to repeat the process here, as what has 
been already said should make everything 
clear. 

The increase of excitation from no load to 
full load necessary with a given polyphase 
generator in order that constant pressure may 
be maintained at its terminals when running at 
constant speed, depends then upon the power- 
factor of the load, as is apparent from the 
diagrams above. That is to say, the pressure 
drop of the generator with a given armature 
current at constant speed and excitation varies 
between wide limits in accordance with the 
power-factor of the load. Large slow speed 
generators of good standard design have usually 
a drop of 5—6 per cent. when loaded non-induc- 
tively, and 16—18 per cent. when loaded upon 


a circuit having a power-factor of 80 per cent. 
The necessary increase of excitation for such 
machines, from no load to full load, at constant 
speed and terminal pressure, will be of the 
order of 12 per cent. when the power-factor is 
100 per cent., and 25 per cent. when the power- 
factor is 80 per cent. The reason for these 
increases in the pressure drop and field excita- 
tation at varying power factors, is readily scen 
from the diagrams and from what has already 
been said. The total reactive ampere-turns of 
the armature (A Ts) having the same phase as 
the current, work more or less against the ficld 
ampere-turns, according as the lag of armature 
current bchind terminal pressure is greater or 
less. Thus (as already explained earlier), 
in order to get the effective ampere - turns 
when the lag is 70°—go°, they must be sub- 
tracted (arithmetically) from the field ampere- 
turns; should there be a lead of this amount, 
they are to be added (arithmetically) to the 
field ampere-turns. Between these limits 
the two sets of ampere-turns must be added or 
subtracted vectorially; this means that when 
the armature current is lagging the main field 
is weakened, and when it is leading the main 
field is strengthened; with a certain lead of 
the armature currrent, the main field will be 
strengthened to such an extent that the 
generator has apparently no pressure drop. 
The converse is true of synchronous 
motors, if the applied E.M.F. be con- 
sidered—-that is to say, if a lagging current 
be supplied to a synchronous motor the fields 
will be strengthened, while if the current 
lcads the terminal pressure, the field will be 
weakened ; the case of the synchronous motor, 
however, can be brought exactly into line with 
the generator if the lag or lead of armature 
current with regard to the back E.M.F. be 
considered, that is, to the E.M.F. produced 
by, and depending on, the field excitation. 
The explanation for these interesting effects 
of armature reaction lies, of course, in the fact 
that when the current is in phase with the 
pressure, the armature coils carrying maximum 
current do not lic immediately under the poles, 
but onc side of each coil lies under one pole, while 
the other side of each coil lies under the adja- 
cent pole of opposite polarity; when the arma- 
ture coils lie immediately under the poles (that 
is, the centres of the coils coinciding with the 
centre lines of the poles) there is no current in 
them, as no E.M.F. is being induced when the 
coils are in this position. Consequently for 
this case (cos ¢ = 1) there is practically no 
armature reaction, but only a distortion of the 
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field flux, and the drop is caused by armature 
leakage and resistance, and by the pole face 
eddy currents. 

If, however, the current lags by a large 
angle behind the E.M.F., the coils immediately 
under the poles carry current, although they 
are not necessarily the seat of an E.M.F., and 
the flux produced by these current carrying 
coils reacts against the field flux, that is to say, 
what may be called ‘‘positive’’ armature 
reaction is present, the extent of which depends 
(with a given armature current) upon the 
magnitude of the angle of lag. Ifthe arma- 


FIG. 


for themselves. Details are, therefore, given 
(in Figs. 23 and 24) of a revolving field 
generator designed by Mr. Alexander Heyland 
and built by the Electricité et Hydraulique Com- 
pany of Charleroi. This machine is rated at 
760 kilowatts (cos ¢ = 1), 2,200 volts per 
phase terminal pressure, 94 revolutions, and 50 
cycles. The armature is star wound, and, 
therefore, the full load current per phase is 200 
amperes. 

The constructional details and data given 
below, taken in conjunction with the dimen- 
sions given on the sketches, will enable any- 


24. 


| 
Section at A.B. 


SKETCH OF FIELD-POLES AND YOKE OF 760 KILOWATT E. AND H. THREE-PHASE GENERATOR. 


ture current lcads, the same reasoning applics, 
but in this case, the reaction may be re- 
garded as being negative, for the flux produced 


by the ampere-turns of the armature reacts | 
. curve given in Fig. 25 (p. 791), marked O Co, 
' In this figure the no load characteristic curve 


e7¢h the field flux, increasing it, and thus tend- 
ing to compound the generator for constant 
E.M.F. Most text-books dealing with this 
subject explain these points clearly, so that 
further reference to them here is unnecessary. 

Those interested in what has been said above 
on the question of the pressure drop of a 


generator and its excitation, as well as other | 


points bearing on the matter treated of in this 
lecture, may care to work out an example 


one to calculate the no load characteristic curve, 
and the excitation required at any load having 
any power-factor, the latter calculation b:ing 
made with the help of the short-circuit current 


is also given (O Êo»), which will therefore check 
the calculation ; both the curves were experi- 
mentally obtained by means of a test made on 
the finished machine when driven by its two- 
crank horizontal engine.* 

* The curves shown in Fig. 25 have heen reproduced 
exactly as taken; in order to obtain the values of pressure 


per phase of the armature winding, the ordinates must be 
divided by the factor 1°73. 
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GENERAL DATA oF E. AND H. THREE-PHASE 
GENERATOR. TyPe GT 7oo. 


Armature :— 
External diameter of core ...... 252” 
Internal i ra Treu 230” 
Gross length of core.......seeso 10” 


Allowance for paper insulation .. 10 per cent. 


Number and width of air-ducts .. 2 x og" 
Total number of holes ....... ae 384 
Number of stranded wires per hole 6 


in series, 2 in 
parallel, each wire 
0°222” in diam. 


Number of conductors in series 
per phase (Z) .......ececveces 334 
Section of each conductor ...; +6 2 X 0°0495” 
Resistance per phase, warm...... 0°13 ohm 
No. of teeth under one pole shoe.. 3 
Field System :— 
Material of yoke, poles, and pole- 


Arrangement of wires in hole., 


SNOES’ Sassi sehen eterndascves Cast steel 
Overall diameter ........e0ee08 235°37" 
No. of poles oj :ise seca soos sca : 04 
Section of each (oval) pole core .. 32°5 sq. in. 
Dimensions of pole-shoes ...... (5'9 X 10)” 
Allowance for spread of flux .... 10 per cent. 
Pitch of poles at face of shoes... 11°57” 


Number of turns in series per pole 50 
Dimensions of field conductor 


(copper ribbon) ........00e00. 4°18” x 0°0315" 


Resistance of field circuit, warm.. o'7 ohm 
General :— 

Length of air-gap (iron to iron) ., 0'315” 

Value of E.M.F. factor (#) s. 2°12 


Value of leakage coefficient at ro 
load (v) 


eeeeseene Beene enersece 


1°15 


The actual full load fall of pressure per phase 
of this generator is about 5} per cent. fora 
power-factor of 100 per cent., and about 14 per 
cent. for a power-factor of 80 per cent. at 
constant speed and excitation; these figures 
will therefore check the calculation. This 
machine is noteworthy in respect of its very 
small ficld magnet leakage, a result principally 
due to the exceedingly short length of the pole 
cores and the small length of the armature core 
compared with its diameter. These features 
of design, in conjunction with the very high 
magnetic saturation in the pole cores (another 
special feature) make the value of the pressure 
drop remarkably small for highly inductive 
loads. 

We may note in conclusion that there are 
two commercial definitions of the ‘‘ pressure 
drop” of a generator, namely (1) the fall of 
pressure which results when a generator is 
excited for normal volts at the terminals at 70 
load, and then loaded to full load, the speed 
and excitation being kept constant, and (2) 
the fall of pressure per phase at full load—that 
is to say, the rise of pressure that results when 
the generator is excited to give its normal volt- 
age at the terminals at fu? /oad, and then this 
load is switched off, the excitation and speed 
being constant. The latter ‘‘ pressure drop” 
is, of course, less than the former, for the exci- 
tation is greater, and consequently the satura- 
tion is higher. The ‘or-ner definition is prefer- 
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able (and is used throughout these lectures), 
for it is scientifically correct ; the drop expressed 
in this way is called the ‘‘ inherent regulation ” 
of a generator by the Americans. 

Such points as the above should always be 
borne in mind by purchasers of polyphase 
machinery when drawing up their specifica- 
tions ; another most important fundamental 
point (but one frequently neglected) is to make 
it quite clear, in specifications for polyphase 
generators and transformers, af what power- 
factor the generator or transformer has to be 
guaranteed for (1) rating, (2) heating, (3) pres- 
sure drop, (4) efficiency, and (5) overload 
capacity. Some average values of power-factor, 
corresponding to different classes of work, are 
given below, which may serve as a guide in 
the above connection :— 


Probable 
Nature of Load. Power-factor. 

Per Cent. 

Incandescent lighting ....cececesece 95 

Mixed lighting .....cce eee eees ET 85 

Synchronous machinery ............ 95 

Well-loaded large induction motors .. 80 

Average-loaded induction motors .... 50—60 
Average loaded induction motors and 

equal amount of incandescent lighting 70 


The above figures do not include the effect 
of the transmission lines, which may consider- 
ably modify them if the length is great, de- 
creasing the power-factor if the lines arc over- 
head, and increasing it if they are underground 
cables. 


Miscellaneous. 
—_——__. 


STEAM TRAFFIC AND TRADE ON THE 
UPPER YANGTSE.* 


For many years past, it has been the aim and 
object of the commercial world, trading with China, 
to see the Upper Yangtse traversed by steam. 

Since 1861, many travellers have ventured an 
opinion on the matter, and much useful information 
has been handed down. This, with the experience 
of a few in steamers during the last eighteen months, 
enables one to form a fairly accurate opinion of what 
can and what cannot be done in the way of steaming 
up the great Yangtse Rapids, and if it will or will not 
become a commercial success to those who may here- 
after make the venture. 

Blakiston, in his very able work on the Yangtse, 
gives 10 knots as the current over some of the worst 
rapids, when he went up in April, 1861, and con- 


*Communicated by Mr. J. Mobsby, British Admiralty 
Pilot on the Yangtse. 


sidered the river unsuited for steam navigation between 
Ichang and Wan-shien. From Wan-shien upwards 
to Suifu would be all right for full-powered steamers ; 
he estimated the current in June, at 6} knots below 
Wan-shien and 3 to 4 knots above. 

In 1869, at the request of the Shanghai Chamber 
of Commerce, Admiral Keppel sent two naval ofhcers 
up the river as far as Kwei-chow-fu, to report on the 
Upper Yangtse. Lieutenant Dawson, one of the 
officers, reports the river navigable for steamers of 7 
feet draft, with powerful steering apparatus, from 
April to September. The difficulties are velocity of 
current, want of anchorage, and intricacy of naviga- 
tion. 

Major J. M. Wilson, United States Army, esti- 
mates the current over the worst rapids at 9 knots. 
W. Spencer Percival, Consular Agent, estimates the 
current over some of the rapids as under 9 miles. 

Alexander Hosie, M.A., Consular Service, 
whose work on Western China is full of valuable 
information, says:—‘‘ Nowhere have I known any 
which declare steam traffic impossible, and British 
agents have all along urged the necessity of steam 
traffic.” Ile intended to go to Chungking in the 
steamer Awliv17 of 9 knots speed, in 1888; he also 
considers the difficulties exaggerated. 

Archibald John Little made the current 12 
knots at the Miao-chi-tsi Rapid by Walker’s log; 
he made the voyage to Chungking in the Lee-chuen, 
a small steamer of g knots speed, in February, 
1898, was tracked or towed over several rapids, and 
had as many as 300 men towing on one occasion, in 
addition to the vessel steaming hard herself. He 
considers it possible to navigate this part of the river, 
and predicts a rich harvest for its promoters. At the 
same time he thinks railways along the gorges will 
supersede steamers. 

Various other travellers that I have met estimate 
the current over the rapids at 7 to 10 knots, and 
most of them considerit all right for steam traffic while 
others think it impossible. 

Such are the opinions of many who have travelled 
that way in junks, and it is not an easy matter, under 
such circumstances, to form an opinion of what a 
steamer could do. My experience is in a steamer 
only, H.M.S. Woodcock. That, and the experience 
of others who have made the passage by steam, 
enables me to venture an opinion on steam navigation 
on the Upper Yangtse, &c. 

H.M.SS. Woodcock and Woodlark, in company, 
ceeded in reaching Chungking in May, 1900. (The 
speed of these vessels is 13 knots.) The former vessel 
had to be tracked over the worst rapids, the latter, by 
exerting a little more power than the Woodcock, suc- 
ceeded in steaming herself the whole way, and is the 
only vessel to date that has done so. She had a 
serious accident at one of the rapids. When steaming 
her utmost she suddenly sheered across the river, 
which was there about 200 yards wide, and dashed 
into the rocks almost at full speed. She is built in 
eleven compartments, each one independent of the 
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others, and all can be unscrewed and separated. 
The fore compartment that was smashed in was 
unscrewed and landed; there was no special ma- 
terial on board with which to repair the damage. 
Those in charge got some iron at a village near, and, 
with the stoke-hole plates, and other odds and ends 
on board, the necessary repairs were completed, and 
the section put on again in about three weeks. The 
vessel then proceeded on her voyage. It must be 
noted that many thousand rivets were made, and the 
whole work was so well done, that it was not neces- 
sary to do any more to it when docking in Shanghai 
afterwards. This speaks well for our young engineers 
and officers of the Royal Navy. 

The Pioneer (or Kinsha now), a vessel of about 
350 tons, 182 feet in length, with a speed of 14 knots, 
has made two trips between Ichang and Chungking, 
the first just after the trip of the two gunboats, the 
second under Government charter, during the troubles 
in this country last year. This vessel could not steam 
over all the rapids, so had to haul herself over by 
cables to her windlass. The Government have since 
purchased this vessel, and are now converting her into 
a gunboat, for special service above the rapids. 

H.M.S. Woodcock is now at Chungking for the 
second time, having made the passage under difh- 
culties, in April and May of this year. The above 
vessels and the Zee-chuen are the only steamers that 
have ascended the rapids. 

The German steamer Sui-hsiang, a paddle steamer 
somewhat larger and faster than the Pioneer, built in 
Germany specially for the trade between Ichang and 
Chungking, started on her maiden voyage, and was 
lost by striking a rock at the Tungling rapid, about 
40 miles above Ichang, on December 27th, 1900. 

The above is all the experience by steam above 
Ichang to date, and the fact is proved that steamers 
can ascend the rapids. ‘‘ But at what cost ? ” 

All the travellers by junk mentioned above have 
under-estimated the strength of current over the 
rapids, and the difficulties in the way of steam navi- 
gation. A speed of 14 knots will not get over the 
rapids at times. Mr. Little’s first steamer, the 
Kuling, was 9 knots ; fortunately she did not attempt 
the voyage. His next, the Lee-chuen, 9 knots speed, 
was very small, and had to do as the junks in going 
over the rapids. His third attempt, the Pioneer, 14 
knots speed, cannot steam over the rapids at all times, 
as is proved, consequently, a greater speed is required ; 
and since my trip I have always said that 16 knots is 
the least speed that can ascend all the rapids at all 
seasons, and even 16 knots may not be enough speed 
at very high water in July and August, when the 
whole Yangtse Valley is in flood. 

Mr. Little deserves well of his countrymen for his 
perseverance in practically urging steam traffic on the 
Upper Yangtse, though all his attempts must be con- 
sidered failures in a commercial point of view, yet the 
knowledge gained to the world, at his expense, is 
great. 

After the above experience what conclusion can we 


come to? Reluctantly I say steam traffic on the 
Upper Yangtse, between Ichang and Wan-shien (a 
distance of about 200 miles), can never be a com- 
mercial success, and I am supported in this view by 
all who have had the experience on the steamers 
mentioned above, excepting Mr. Little, whom I have 
not had the pleasure of consulting, he being for some 
time past in Szechuen. 

Naturally I may be asked my reasons for the above 
statement. I will take the points noted in Lieutenant 
Dawson’s report and enlarge on them from present 
experience, which should be sufficient for the purpose. 
He reports :— 

1. The river is navigable from April to September ; 
the time could be extended to November. For four 
months, December to March, it would not be safe. 
Both the Pioneer and Woodcock waited for a rise of 
water before starting. The German steamer Sui- 
Asiang was lost at low water. 

2. Strong Steering Apparatus.—This should be in 
duplicate and the best of its kind, very strong and 
quick in action; it is one of the most important items 
to be considered. A failure in the action of the 
steering gear would probably be fatal, there being no 
anchorage in most places. 

3. Velocity of Current.—Already explained. 

4. Want of Anchorage.—All vessels must tie up to 
the rocks, therefore all vessels should be sheathed, to 
take the first blow when touching rocks, as they all 
would do sooner or later. To be caught in a fog 
or heavy rain squall, with no anchorage or room to 
turn in many places, when going down river, would 
place the vessel and those on board in rather a tight 
corner. 

5. Intricacy of Navigation.—The narrow channel, 
rocks here, there, and everywhere, as at the Yao- 
tso-ho, the name of a stretch of the river for 20 miles, 
beginning 15 miles above Ichang, where the river is 
full of rocks, and much dreaded by junkmen. The 
river here is about 1,500 yards wide, with a narrow 
channel between the rocks. At high water, when 
these rocks are just submerged or awash, it would be 
a very difficult place to navigate with a steamer. 
There is the strong current, eddies, and whirlpools, and 
always the uncertainty of sheering (as the Hovdlark 
did) on the rocks, or into a junk or steamer coming 
down, for no vessel, be it steamer or junk, however 
perfect in appliances, could steer straight through 
such water. All steamers going up and down, and 
junks coming down, must be in the middle of the 
two or three hundred yards channel for safety. The 
Chinese officials had some idea of this difficulty when 
they suggested to Mr. Little, in 1888, that steamers 
should only run two days a month, when all the junks 
would stop if bound down river. There would be less 
danger of collision with junks bound up as they keep 
close in to the banks. The Taotai of Chungking 
stopped all junk traffic on the stretch of the river under 
consideration during the passage down of the Pioneer 
in May last. The difficulties of working a steamer up 
and down river continually under the above circum- 
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stances (which are certainly underrated, for it is quite 
beyond me to adequately describe the many dangers) 
would be such a strain on the nerves of the com- 
mander that very few could stand it for any length of 
time. I may say here that I am not alone in this 
opinion : one or two trips in command ofa steamer on 
this route is apparently enough to satisfy the most 
ambitious, nobody to date having made more than two 
trips in steamers. 

There is a limit to size of vessel, 350 tons is 
thought quite large enough, with length not more 
than 180 or 190 feet. With the great horse-power 
required for a speed of 16 knots or more, the engine, 
boiler, and coal space required would leave but little 
room for cargo in such a vessel. 

Steamers built specially for this trade would cer- 
tainly cost much more per ton to build than any 
ordinary steamer. The premium on insurance to 
cover the enormous risk would be very large. Ten 
per cent. of the junks on this trade are lost annually, 
and there is no reason to expect a larger margin of 
safety with steamers: I am inclined to think less. It 
is possible the venture may be made again, with what 
success remains to be seen. 

I, with others, after the experience described above, 
consider the trade will have to be done by junk as 
hitherto. The Chinese method of junk transit cannot 
be displaced until such time that a railway is built 
along the river bank and through the gorges (an idea of 
Mr. Little’s long ago, and of others, including mysclf, 
to-day). It would be a gigantic undertaking, and 
failing all other routes, this one is within reasonable 
bounds of possibility, and should be considered with- 
out delay. The large almost unknown country to 
westward, its large trade and commmercial value, 
demands some better method of transit than at 
present. A railway from Ichang to Wan-shien would 
answer the purpose admirably, and overcome the 
existing difficulties. 

Having considered steam traffic between Ichang and 
Wan-shien as being impracticable, what, then, is the 
next best way at present, to advance trade and push 
westward on the Yangtse ? 

What I would urge is, that steam traffic be carried 
on from Wan-shien to Suifu on the Yangtse, a distance 
of about 415 miles, and to Chiating-fu on the Min 
River, 135 miles from Suifu, total 550 miles from 
Wan-shien. 

Wan-shien is a city of great importance, about 2c0 
miles above Ichang, and above all the worst rapids, 
with a population of over 150,000. It is one of the 
finest cities in Szechuen, situated on the left bank of 
the river. Junks are numerous and trade is increasing 
rapidly. The river is over 500 yards wide at low 
water and much wider at high water. It is a large 
junk building place, and altogether it is well suited 
and situated for a treaty port and should be opened as 
such. By opening Wan-shien to trade as a treaty 
port some of the junk trade up river would terminate 
there. Mr. Hosie says :—‘ A quantity of cargo going 
to Chungking eturns east again to tke cities there, it 


is then no longer covered with the transit duty pass.” 
It must be obvious then by opening Wan-shien, goods 
could be landed at all cities in Szechuen eastward of 
Chungking cheaper than at present. It would also 
shorten the passage of goods, which could be landed 
about 20 days earlier at Chungking, 40 days at Suifu, 
and 60 days at Chiating-fu respectively. As these 
citics are all large distributing centres it would natur- 
ally give a great impetus to trade in the far west of 
Szechuen and beyond. There can be no reason why 
steamers trading on the Upper Yangtse above Wan- 
shien should not be a complete commercial success. 

There is not less than 8 feet of water in winter to 
Suifu and Chiating-fu. Steamers of 350 tons, 14 knots 
speed (this would not be required at all seasons), 8 feet 
draft, with paddle-wheels, the usual marine boilers, 
such as those in the Pioneer, with forced draft, that 
the local anthracite coal can be used, would answer 
all requirements. This coal is 8-00 dols., or 16s. per 
ton at Chungking, Wan-shien, and other cities. It 
was found to answer admirably in every way in the 
Pioneer. The bunker space need not be large, as 
coal could be taken in at any stopping place. 

Steamers built for this trade could be sent out 
from home and put up in Shanghai, or built in 
Shanghai altogether, making the passage up the 
rapids at the most favourable time (on first rise of 
water in April), and then to remain above the rapids. 
A numbcr of steamers trading on the Upper Yang-tse, 
with the mining industries, that must soon spring up 
in addition to those now going on in Szechuen and 
Shensi, should induce capitalists to start works of 
a nature to repair, and build if necessary, this class 
of steamer, and do mining engineering work of all 
kinds. 

A slip, to haul up such steamers as described, could 
be built at Wan-shien as the best place. Chungking 
would not be so good or casy, on account of the sheer 
cliffs on the river front. 

I will give a brief description of some of the cities 
above Wan-shien, and touch on the matter of trade, 
zd the Tungting Lake to Hankow, from Szechuen. 

Fuchow, on the right bank of the river, 125 miles 
above Wan-shien, is at the confluence of the Kungtan 
and Yangtse rivers. There is considerable trade to 
Honkow by this route, by going up the Kungtan for 
about 100 miles, which runs in a S.S.E. direction to 
the border of the Kweichow Province by a special 
kind of junk, then across country to eastward for a 
distance of about 110 miles to Ching-chu-foo and down 
the river Yuen-kiang, which runs into the Tungting 
Lake, passing Chengteh (a large city of importance 
about 125 miles from Ching-chu-foo, and 25 miles 
from the lakc), then on to Hankow. 

To encourage trade by this route Chengteh should 
be opened to trace a3 a treaty port. Steamers would 
then be induced to ru1 between Hankow and Cheng- 
teh, it being the only route to Szechuen in this 
direction. 

Chang-sha, which we understand is to become a 
treaty port, and rightly so, is not on the direct route 


October 4, 150%.) 


JOURNAL OF THE SOCIETY OF ARTS. 


795 


to Szechuen, but would naturally bring in the trade 
from the Hunan Province down the Sieng-kiang 
River, 

Chungking, not necessary to describe, it already 
having been done by many, is 75 miles up river from 
Fuchow and 200 from Wan-shien. 

The Chialing River runs into the Yangtse here, 
from the north, and brings in considerable trade from 
Shensi and Kansu Provinces. The principal cities on 
the Chialing are Hochow, Chingching, Nanpu, and 
others. Small steamers could run up this river which 
is in a good coal and salt producing district. Luchow, 
125 miles above Chungking at the confluence of the 
To and Yangtse rivers, is a city of some importance 
of about 130,000 inhabitants. Considerable trade is 
done from Kuan-hsin, a city about 200 miles north of 
the Yangtse. 

Suifu, a city of about 150,c00 inhabitants, 90 miles 
above Luchow, the highest point on the Yangtse that 
is navigable for steamers of eight feet draft. It is an 
important distributing centre of trade to Yunan, 
situated as it is at the confluence of the Min and 
Yangtse Rivers. The trade to and from Chengtu, 
the capital of Szechuen, passes this way on the Min, 
which is navigable for steamers of eight feet draft to 
Chiating-fu, and smaller ones to Meichow and 
Chanku, the latter being only about 16 miles from 
Chengtu, a city of about 400,coo inhabitants. Small 
steamers could also run to Pingshan, a city about 40 
miles from Suifu up the Yangtse, 

Chiating-fu, at the junction of thrce rivers, the 
Min, Ya, and Tatu, is a place of great importance as 
a distributing centre for the west of Szechuen, the 
Province of Kansu and beyond. ‘here are over 
50,000 inhabitants ; it is 135 miles from Suifu, and 
133 from Chengtu; also the highest point of steam 
traffic for eight feet draft. 

There are many other citics in this region that are 
not mentioned, I having only brought to notice the 
most important, and, as I hope, sufficient to show 
how necessary it is that steam traffic should be in- 
augurated, and so increase our trade in that direction. 

A line of railway between Ichang and Wan-shien 
as suggested above, should not be lightly considered. 
It is the great and only connecting lik required, to 
make transit of goods a complete success to the far 
west of China, and whoever may be fortunate enough 
to acquire such concession, will have the only high- 
way to Szechuen, and the almost unknown beyond. 

My opinion is, a railway along the river bank and 
through the gorges, connecting at each end Ichang 
and Wan-shien, with steamers, as urged in this paper, 
will be the main road of transit east and west through 
China; and it can be only a matter of time to see its 
accomplishment. It will be a gigantic undertaking, 
but success must follow, and in the end it will pro- 
bably be found to be the cheapest line of communi- 
cation that could be devised. The distance being 
short should certainly encourage construction, and I 
hope we, the British people, will not let so great a 
commercial enterprise pass us by. 


I happen to know others are looking for some way 
of overcoming existing difficulties, and will be ahead 
of us in this matter unless we act at once. It must 
always be remembered that it is only now we have 
found out what steamers cannot do, in ascending the 
rapids. 

For some months past the Germans have been sur- 
veying the Upper Yangtse with the object of running 
steamers to the limit of the navigable river. The 
Nordeutscher Lloyd and Hamburg American Com- 
panies, with subsidies and Government backing, are 
quite prepared to spend money freely, to hold first 
place in the trade of the Upper Yangtse, and after a 
little more experience they too will perhaps come to 
the same conclusion that I and others have, that a 
connecting link by railway is required to satisfactorily 
complete the line of transit. 

The French, with their projected railway into 
Yunan, will tap the trade to and from Szechuen zvd 
Suifu, unless we improve the Yangtse route. They 
are now building a gunboat for special duty above the 
rapids. 

The latest advertised Russian, French, and Belgian 
Railway Syndicate, with a capital of over £ 40,000,000 
sterling, bodes no good to British enterprise in these 
regions. 

As all other routes to Szechuen and the West are 
considered impracticable, then no time should be lost 
in acquiring the concession for such a railway as 
described, always assuming that we intend holding 
our own in the trade with China. 

I would urge inquiry into all the facts mentioned in 
this paper. 


GEOGRAPHICAL CONDITIONS AFFECTING 
BRITISH TRADE. 


Fluctuations in British trade are often discussed as 
if they depended solely on such matters as tariffs and 
bounties, the ignorance and negligence or knowledge 
and enterprise of merchants, the behaviour of masters 
and men among the industrial classes, railway rates, 
and so forth. It may therefore be worth while to 
call attention to some obvious facts, showing that 
geographical conditions are important factors to be 
taken into account in considering such changes. 

The history of Glasgow furnishes a very interesting 
illustration of this truth. Throughout the separate 
history of Scotland, Glasgow was a town of quite 
minor importance. Not till trans-Atlantic trade 
developed did it rise to the positiou of an important 
commercial and industrial city. In considering this 
rise, it is important to note that, in relation to such 
trade, the physical configuration of Scotland gives to 
Glasgow, as its hinderland, not merely the small 
valley of the Clyde, but all the originally richer 
eastern lowlands of Scotland from the Grampians to 
the Tweed. 


* Abstract of a paper read before Section E of the British 
Association, at Glasgow, by Geo, G. Chisholm, M.A., B.Sc. 
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In discussing the subject of the paper with reference 
to the United Kingdom as a whole, it will be con- 
venient to distinguish between commercial and in- 
dustrial advantages or disadvantages, even although 
these act and react on one another. 

Commercially, this country has a situation present- 
ing unparalleled advantages in relation to those parts 
of the world most conveniently reached from the 
sea-board, but no others. The importance of these 
advantages is well illustrated by the great magnitude 
and the remarkable constancy in the relative value of 
the British entrepôt trade, and also by the rapid 
development and continued pre-eminence of our chief 
textile industry, that of cotton. 

Such being the essential nature of British com- 
mercial advantages, all improvements in connection 
with shipping, the change from wood to iron and 
steel as ship-building materials, the change from 
sails to steam as a means of propulsion, the improve- 
ment of marine engines, the enlargement of ships, the 
improvement and enlargement of harbours, the im- 
provement of the means of communication between 
the seaboard and the interior in all parts of the world, 
have tended in the aggregate more to the advantage 
of this country than any other. 

On the other hand, all improvements in the means 
of communication between inland centres of pro- 
duction and inland markets have tended to diminish 
the relative value of the commercial position of this 
country. This consideration is illustrated by refer- 
ence to some fact in the history of the trade of 
Germany with surrounding countries, and that of the 
United States with Mexico and Canada. 

The industrial advantages of the United Kingdom 
depend on the great abundance of coal and iron ore 
in convenient situations. It is obvious, however, that 
the development of similar resources elsewhere must 
reduce the relative value of these advantages, 
reference to this point the position of two rival 
countries is of peculiar interest for different reasons. 
Germany is so favoured, both in its coal and iron 
fields, that one is led to ask why that country was so 
long in becoming a rival in industry of the United 
Kingdom. The United States is even more favoured, 
and in the case of that country the interesting point 
to note is how the advance of time is tending to 
increase its industrial advantages relatively to those 
of our own country. 

Another circumstance tending to lower the indus- 
trial advantages of this country relatively to those of 
others is the development of water-power. Formerly 
the use of this power was restricted by natural 
obstacles, but now these obstacles are, to a large 
extent, removed by the employment of electricity as a 
means of transmitting that power. All this must 
obviously tend more to the advantage of such 
countries as Switzerland, Norway, and Italy in 
Europe, and Canada and the United States in 
America, than to that of this country. Under 
this head the case of Italy is of peculiar interest. 
Water-power is there getting very largely applied 
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through elecctricity. Now, it is to be borne in mind 
that Italy has an extremely advantageous commercial 
situation. The opening of the Suez Canal has 
restored, to some extent, this advantage, which, 
however, has not yet been fully or even largely turned 
to account. But in commerce, the great law is that 
to him that hath shall be given. If, then, Italy, 
through her water-power or in other ways, is able to 
develop very greatly a trade based on her own 
resources, all the more likely will she be to add to 
that trade a great transit and entrepôt trade such as 
she once possessed. 


ON THE STRUCTURE AND ORIGIN OF 
JET.” 


The hard jet of Whitby appears to have been used 
in Britain in pre-Roman days; it is alluded to by 
Caedmon, and mentioned in 1350 in the Records of 
St. Hilda’s Abbey. It was formerly extensively 
mined in the cliffs of the Yorkshire coast, near Whitby 
and elsewhere; in Eskdale, Danby Dale, and in 
several of the dales that intersect the East Yorkshire 
moorlands. The hard jet occurs in the Ammonites 
serpentinus zone of the Upper Lias, frequently in the 
form of flattened masses or layers, which in rare cases 
have been found to reach a length of 6 feet. Parkinson, 
in his ‘Organic Remains of a Former World ” (1811), 
speaks of jet, in some cases, as pure bitumenised 
vegetable matter, and the majority of writers regard 
it as having been found as a product of alteration of 
plant tissues. On the other hand, it has been de- 
scribed (Tate and Blake, “ The Yorkshire Lias,” 1876) 
as “ the result of the segregation of the bitumen” in 
the intervals of the jet shales, which has sometimes 
formed pseudomorphs after blocks of wood. The 


| author has recently examined several sections of 


Yorkshire jet in the British Museum, which he 
believes demonstrate the origin of this substance from 
the alteration of coniferous wood, and, in part at 
least, of wood of the Araucarian type. 

The occurrence of specimens of silicified wood having 
a covering layer of jet, is spoken of by Young, in his 
« History of Whitby” (1817). Sections cut from 
specimens which consist in part of petrified wood and 
in part of jet, enable us to trace a gradual passage 
from well-preserved Araucanian wood to pure jet, 
which affords little or no evidence of its ligneous 
origin. The conclusion arrived at is, that the Whitby 
jet owes its origin to the alteration of coniferous wood. 
The fact that jet frequently occurs in the form of 
flattened blocks of wood, in all probability admits of 
the natural explanation that the jet has been derived 
from the wood, the form of which it has assumed, 
and not that the jet was formed elsewhere and per- 
meated the tissues of the wood as a fluid bitumen. 


* Abstract of a paper read before Section K of the British 
Association at Glasgow, by A. C. Seward, F.R.S. 
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HOWARD LECTURES. 
POLYPHASE ELECTRIC WORKING. 
By A. C. EBORALL, M.I.E.E. 


Lecture III.— Delivered May 0th, 


In this lecture we shall deal with the ques- 
tion of the transformers used in polyphase 
work, that is to say, with the general features 
connected with the design and working of 
polyphase and single phase transformers. 

For the purpose of converting high pressure 
polyphase current to low pressure, or wce 
versá, use can be made either of a number of 
single phase transformers, suitably connected, 
or (for three-phase work) of three-phase trans- 
formers, that is, of transformers so constructed 
that the windings connected to the three 
phases act upon a common magnetic circuit. 
The former manner of working, requiring a 
separate transformer for each phase, is illu- 
strated in Fig. 26 (a) showing the usual two- 
phase case, (4) the three-phase casc, with star 
connection, and (c) the three-phase case with 
mesh connection ; the latter method of working 
is shown by Fig. 27, which illustrates diagram- 
matically a three-phase transformer with star 
connected coils. 

A few words may be said here regarding 
the manner in which the windings are con- 
nected up on the primary and secondary 
sides. Two-phase transformers should always 
be connected up as shown in Fig. 26a, that is 
to say, with each phase quite distinct, and 
never with the two phases interconnected, if 
the best results are desired. The latter con- 
nection implies, of course, a two-phase three- 
wire system, which of all polyphase systems is 
the worst; on the one hand it requires an 
abpormal amount of copper (for transmitting 
a given amount of power, at a given pressure, 
with a given loss), while on the other hand, 
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such a system may become very difficult to 
balance if the load is inductive. It is easy to 
show that in a two-phase three-wire system, if 
the load is zmductive, even if the current in 
each phase is equal, there will be an un- 
balancing of the pressure between each 
phase on account of the drop in the middle 
conductor. The system becomes, in fact, 
no longer a pure two-phase system, for 
the two E.M.F.’s will not be strictly in 
quadrature, but the angle between them will 
increase. That this is so, is proved by the per- 
formance of the motors supplied by such a 
system ; especially if these have permanently 
short-circuited rotors, the starting current for a 
given torque will be greater than it would be 
if these same motors were supplied by a two- 
phase four-wire system. 

Assuming that a two-phase system must be 
used in certain cases, rather than a three- 
phase system (and very good reasons should 
exist for such a choice),* the only variety of it 
that will prove thoroughly satisfactory under 
all conditions of working, is that in which the 
two phases are kept quite distinct, that is to 
say, when four conductors are used. It isa 
matter of regret that for certain of the largest 
power schemes in this country, two-phase 
three-wire systems are being put down, each 
phase being earthed; there is nothing symme- 
trical about such a system, and, where the 
loads are inductive, proper balancing will un- 
doubtedly be found to be difficult of attainment, 
while, as already stated, the system as a whole 
will cost more in cables (compared with a stan- 
dard three-phase system) on account of the 
extra copper necessary. 

Returning to the question of the connections 


* It is only for the case of a system the load on which 
consists wholly of lighting (an altogether exceptional casc) 
that a two-phase system (with four conductors) is preferable 
to a three-phase system. For power work, or for lighting 
and power work combined, a three-phase system will give 


the best all-round results, quite apart from the savinginthe - 


conductors which results when a three-phase transmission 
and distribution is used. But a good reason would exist for 
laying down a two-phase system in a case such as the con- 
version of a large single-phase system, because only in this 
way could the old concentric cables be used. Such cables 
are quite inadmissible for three-phase working (only sym- 
metrical three-core cables can be used with success) although 
quite suitable for two-phase. Again, owing to the attitude 
taken up by the Board of Trade in this coyntry with regard 
to the earthing of high pressure three-phase systems, the 
cost of such systems may be sometimes quite prohibitive 
for long transmissions. For a heavy and quite unnecessary 
expense will be incurred in complying with the regulations 
for the underground cables—the alternative to this expense 
is the adoption of the Aree wire two-phase system, which 
as stated above, is the worst of all the polyphase systems for 
power transmission work. 
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for three-phase transformers, the primary and | amined in Lecture I.; but for the -case of 
secondary windings can be connected either in | transformers, the following considerations 
star or mesh fashion, whether it is a question | govern the form of connection used. 

of connecting up three separate transformers, (a.) Star Connection. — The current per 


FIG. 26 (a, b, and c). 
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CONNECTIONS OF SINGLE-PHASE TRANSFORMERS FOR USE IN POLYPHASE CIRCUITS. 


or three sets of coils wound on a common core. | winding is equal to the line current, and the 
The current and pressure relations, under these | pressure per winding is 58 per cent. of the line 
circumstances, are of course precisely the same | pressure. Consequently, working with a given 
as for the corresponding connections of the | thickness of insulation, the strain on it is much 
coils of the generator armatures, already ex- | less than would be the case if the windings 
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were connected directly to the line (mesh con- 
nection), thus diminishing the risk of break- 
down. Or, on the other hand, for the same 
risk of breakdown, the transformer will be 
cheaper, for both winding space and insulation 
are saved. These considerations are only of 
importance, however, for the case of small 
transformers, or for large transformers working 
at pressures of 10,000 volts, or over. 

(4.) Alesh Connection.—The pressure at the 
ends of each winding is equal to the line pres- 
sure, and the current per winding is 58 per 
cent. of the line current. Thus, for very large 
transformers it may pay to use tkis connection, 
as the secondaries will be cheaper to wind. 


Fic. 27. 


DIAGRAMMATIC REPRESENTATION OF A STAR- 
CONNECTED THREE-PHASE CORE TRANSFORMER. 


It is of interest to consider what happens in 
the two cases when the transformer in one 
phase fails—for instance, a high pressure 
winding burning out and blowing its fuse. 
Considering, first, the case of a lighting load, 
it is clear that the mesh connection is superior 
to the star connection, insomuch as the two 
remaining transformers (or sets of coils) will 
continue to furnish a three-phase current to 
the three circuits—it will, of course, be an un- 
symmetrical arrangemer.t, with a large drop 
of pressure, but the supply of current to the 
three phases will not be interrupted, and the 
two transformers (or two sets of windings if a 
three-phase transformer is in question) doing 
all the work will probably be capable of carry- 
ing the overload, without dangerous over- 


heating, until a spare transformer can be 
connected in. If the load consists of three- 
phase motors, the reactions of these will tend 
to make the arrangement symmetrical, and to 
balance the phases. 

It is clear that if the transformers had been 
star connected, the failure of any one phase 
would cause a single phase current to be 
delivered. If the load consisted of lights, the 
supply of current to two phases would fail, 
while if it consisted of motors the two phases, 
not being supplied by the transformers, would 
be supplied only by the back E.M.F.’s of the 
motors, which would in general be insufficient 
to enable the various motors to carry anything 
like their rated load. 

Transformers supplying current to rotary 
converters (which are never parallelled on the 
three-phase side), should always be mesh con- 
nected on both sides, for the above reasons. 
And, in general, it may be said that this connec- 
tion is preferable for most classes of heavy work 
up to 10,000 volts. Whichever method of con- 
nection is selected, however, it should be the 
same on each side of the transformers, and it 
should be uniform for all the transformers in 
parallel. Thus if a bank of three-phase trans- 
formers has to be connected up (or its equiva- 
lent in single phase transformers), if one trans- 
former is star connected on the primary, its 
secondary should also be star connected, as 
well as all the primaries and secondaries ofthe 
other transformers in parallel. For otherwise 
it will be found that the individual transformers 
(or sets of transformers) will not parallel pro- 
p2rly—that is to say, they will not share the 
load equally, or in proportion to their size, as 
the case may be. 

A reference to Fig. 27 will show that with 
this particular form of three-phase transformer, 
which is nowadays invariably employed, the 
magnetising current will not have the same 
value for each of the three phases, for the 
lengths of magnetic path corresponding to the 
three phases are not equal, there being evi- 
dently two short paths of equal length, corre- 
sponding to two of the phases, and a conside- 
rably longer path corresponding to the third 
phase. This arises from the yokes being 
rectangular, and the three cores being side by 
side ; if the yokes were circular, and the three 
cores arranged at the corners of an equilateral 
triangle, the length of magnetic path would be 
the same for each phase ; this (circular) con- 
struction was a favourite one in the early days, 
but has now been abandoned by most makers 
on account of the (mechanical) difficulty of 
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properly and cheaply arranging the stampings 
for the yokes. 

On account of the above-mentioned differ- 
ence in the no load currents, it is sometimes as 
well, when connecting up three-phase trans- 
formers to a common circuit, to arrange the 
transformer phases across the mains in such a 
way (by crossing the conncctions of the prima- 
ries) that the sum of the no load currents per 
phase is the same for each phase. This pre- 
caution is sometimes worth taking witha large 
lighting system, employing house transformers; 
it is unnecessary for power work, where the 
transformers will be, as a rule, well loaded 
throughout the day. 

Regarding the question as to whether three- 
phase transformers, or three single - phase 


transformers suitably connected, should be 


employed, the advantage lies wholly with the 
former, except for large sizes, where the load 
is perfectly balanced. The following Table 
shows the relative cost of the two methods of 
working, from which it will be seen that even 
from this (the cost) point of view the use of 
three-phase transfermers is preferable for all 
sizes up to 200 kilowatts. The relative costs 
have been based on the same requirements in 
each case, that is to say, for each output 
the temperature rise, maximum drop, and 
efficiency have the same values. 


Table showing nett weights and relative costs of 
polyphase transformers, and three single-phase 
transformers star connected for same output. 


Nett weight in tons. 


Out- Relative cost. 
put 
kilo- see chase fans th mi i eas 
watts. bea sl ochiGe. IanO METS E eE OHIA ne 
5 0'3 0°33 1°O 1°5 
10 0°45 0°52 1°42 1°84 
20 0°62 0°95 2°26 3'0 
30 0°83 1°2 2'9 4'5 
50 1°25 1°6 4°26 5'5 
100 2'3 2°7 “6 8: 
150 3°25 3°9 10°6 ri? 
200 4'4 4°7 14°5 15°0 
300 6'8 6'9 22°5 21°0 
400 8'7 8'9 28:6 27°0 
500 | 10°0 10°8 33°0 30°0 


Notar.—(1). All the above transformers are for use on 
50-cycle circuits. (2). All transformers, whether three-phase 
or single-phase, have temperature rises after a run of 10 hours 
at full load, of 45°C. for sizes up to 10 kilowatts inclusive, 
and 40°C. for all other sizes above this output. (3). All 
transformers above 100 kilowatts output, whether threc- 
phase or single-phase, are artificially cooled by forced 


But there is another consideration in addition 
to that of cost that must be taken into account 
when selecting transformers for three-phase 
work, namely, the effect of the transformers on 
an unbalanced circuit. By using three-phase 
transformers, the pressure regulation of the 
system is greatly improved, for they act (as do 
also three-phase motors) as natural balancers, 
tending strongly to equalise the pressures be- 
tween the three conductors shonld they differ 
by reason of unequal loading of the phases. 
This effect is absent when three single- 
phase transformers are employed, because in 
this case each transformer has its own flux, 
while in the case of the three-phase trans- 
former (or motor) there is a resultant flux inthe 
core which is of course common to the threc 
phases. 

Three-phase transformers and motors act 
naturally as balancers owing to the property 
they possess of automatically changing the 
value and phase of the current per branch in 
accordance with the impressed E.M.F. on 
that branch, more current being taken from the 
more lightly loaded phases having the greater 
pressure, and less from the phases having 
greater load and lesser pressure. If, for in- 
stance, one phase of a three-phase system be 
loaded more heavily than the other two, owing 
to the addition of a lighting load, the pressure 
on this phase of the system will fall relatively 
to that of the other two ; firstly, because the 
E.M.F. of the corresponding generator phase 
will fall; and secondly, because there will bea 
greater drop of pressure in the particular line 
conductors affected. Itis clear that this would 
prove to be a serious inconvenience with a large 
system, unless balancers of some kind were 
used to equalise the pressure, because, on the 
one hand, it is not possible to get over the 
trouble by regulating the field excitation of the 
power station generators (for this would, of 
course, affect all three phases), while, on the 
other hand, it is not possible to regulate the 
phases independently, because they are inter- 
connected. But if there are anumber of three- 
phase transformers or motors connected to the 
system, they will do all the balancing that is 
required, by reason of the above-mentioned 
property, and, as a matter of fact, no other 
form of three-phase balancer is known, and 


draught. The relative weights and the relative prices in- 
clude the weight and cost of the blower equipment respec- 
tively. (4). The weights and prices of all the transformers 
are based upon pressures of 5,000 volts and 220 volts between 
any two conductors of the high and low tension three-phase 
lines respectively, 
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consequently, such transformers or motors must 
of necessity be employed for unbalanced 
circuits. 

One of the secrets of success (from the pres- 
sure regulation point of view) with a three- 
phase system for lighting and power work® is 
to use nothing but three-phase transformers for 
transforming down for the whole of the lighting 
work ; large three-phase motors can in general 
be worked from the high pressure conductors 
with the best results, and they will also help to 
balance the system. If this is done, the equal- 
ising of the three line pressures will be an easy 
matter, provided that reasonable care is taken 
to distribute the lighting load as equally as 
possible between the phascs, and the trans- 
mission and distribution systems are properly 
arranged ; of course, too, the power station 
plant must be well designed from the point of 
view of pressure drop, as already explained in 
Lecture II. Even when the phases are unequally 
loaded the pressures will differ very little, 
and the pressure regulation, which can be 
controlled entirely from the power station by 
regulation on the generator fielcs, will be at 
least as good as with a direct current three- 
wire system of similar magnitude. But the 
successful operation of such a three-phase 
system for lighting and power would be prac- 
tically impossible if single-phase transformers 
were used for the necessary transformations of 
pressure, and, consequently, for work of this 
kind, three-phase transformers should still be 
used, even in the largest sizes, although these 
sizes may cost somewhat more than the 
equivalent single-phase transformers. 

It has been urged, as an objection to the 
employment of three-phase transformers, that 
the first cost of the transformer equipment for 
a given scheme must always be greater when 
three-phase transformers are used, because 
one or more complete three-phase transformers 
must be provided as spares, instead of one or 
more single-phase transformers of one-third 
the output. But this objection is practically 
groundless, because when working with three- 
phase transformers complete spare units are 
quite unnecessary, it being amply sufficient 
to provide a number of spare coils. For 
the magnetic circuits of three-phase trans- 


* The case in view here is the lighting and power service 
of a large town. Every consumer requiring more than three 
kilowatts should be supplied from the three-phases, which 
would be taken, therefore, into his premises. All motors, 
irrespective of size, should be of the three-phase type, and no 
squirrel cage rotors should be allowed with motors above 
three horse-power in size, unless under exceptional circum- 
stances with regard to starting, 


formers are always butt jointed, for construc- 
tional reasons, so that if a winding burns out, 
the yoke of the transformer can be easily un- 
bolted and lifted off, and a new winding slipped 
over the core in question, without removing the 
transformer at all. 

As already stated, if the load on the three- 
phase system is entirely balanced, three single- 
phase transformers, suitably connected, can 
quite well be used. Thus, if the load consists 
wholly of motors, or of rotary converters, three 
mesh - connected single - phase transformers 
could be employed for stepping down the pres- 
sure. Again, if very large transformers are re- 
quired (for feeding large rotaries, or to supply 
current for smelting, for instance) it may be- 
come absolutely necessary to use a number of 
single-phase transformers, from considerations 
of handling, space required, etc. For cases 
such as these, there is no objection to their 
use, for the special properties of three-phase 
transformers offer no advantages here. 

Before leaving the subject of the balancing 
of three-phase systems, mention may be made 
of a special application of three-phase trans- 
formers in this connection. Within the last 
two or three years a special type of generator 
has been designed, and to some extent used, 
for combined long and short distance working. 
I refer to the ‘‘double current generator ’’ 
which, in certain exceptional cases,* can be 
employed with good results for supplying a 
local area with direct current, and at the same 
time generating polyphase current for supplying 
a distant area. Such a machine is, of course, 
simply a power-driven rotary converter, the 
pressure at the three-phase side being stepped 
up by means of transformers to a suitable value 
for feeding the distant area, while the direct 
current side would directly supply the local 
circuits. If these latter are arranged on the 
three-wire system (the standard case, in fact), 
balancers for equalising the pressures between 
the two sides of the system need not necessarily 
be used if the connections shown in Fig. 28 are 
employed, which will naturally also hold good 
for the case of rotary converters feeding a three- 
wire network. The windings of the step up 
(or step down) transformers must, of course, be 
so dimensioned that they can deal with the 
out-of-balance current in addition to the load; 
further (an important point), the additional 

* The field of application of double-current generators is 
extremely limited on account of the difficulty of designing 
these machines to work as good direct-current generators 
and good three-phase gencrators. ‘They cannot, for this 


rcason, be designed to work at frequencies greater than 25 
cycles, and frequencies of 15-20 cycles suit them best. 
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hysteresis effect caused by the superposed 
direct current must be taken into account in 
the design, either by increasing the weight 
of the core, or (as Steinmetz has proposed), 
by passing the out-of-balance current round 
the three cores on its way to the middle point 
of the winding, which has the effect of wiping 
out, or, at any rate diminishing, the additional 
hysteresis loss. 

It has been stated above, that the type of 
transformer illustrated in Figs. 26 and 27, is 
nowadays invariably used for polyphase work- 
ing, where, as a rule, extra high pressures and 
inductive loads are the features of the system. 
The reason why this type of transformer 


“ core ” transformer) has been so extensively | 


adopted for this class of work, is that it is far 
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first considerations ; as the load is non-induc- 
tive, the question of pressure regulation becomes 
a secondary matter, good enough regulation 
being easily obtained. The shell type of 
transformer is rarely built with butt joints in the 
magnetic circuit, forthe area of the faced joints 
would become so large that it would be difficult 
to bring the faces together in such a way that 
an air gap of negligible length is left between 
them. Again, the shell type of construction 
does not lend itscif at all readily to the arrange- 
ment of three-phase transformers, and is therc- 
fore rarely used with them. 

With transformers that are used for lighting 
work, which may be lightly loaded for long 
periods, and even be connected to the mains 
for long periods without any load on their 
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lllu-trating a method of utilising the three-phase star-connected transformer of a double-current generator for 
talancing the pressures on the three-wire direct current system supplied by the generator. 


superior, both in its single phase and three- 
phase form, to the type in which the iron 
surrounds the windings (‘shell ” transformer) 
on three important points. Transformers of 
the core type regulate better on inductive loads, 
are easier to insulate effectively, and are (if 
built with butted joints) much easier to repair. 
At the same time, this type compares very 
favourably with the shell type, with regard 
to efficiency, low temperature rise, and low 
first cost. 

The shell type of transformer was developed 
for single-phase lighting work, and will always 
be used with good results for such work, espe- 
cially if the frequency is high, because its per- 
formance is well suited to the conditions in 
question. For this work, high efficiency at 
light loads, and small no load losses are the 


secondaries at all (for instance, hous? trans- 
formers), it is of importance to reduce th2 “ no 
load current’’ of the transformer to a mini- 
mum. Otherwise there will be a continuous 
loss during the day over the system, on account 
of the power station generators having to 
supply a considerable lagging current to the 
primaries of the open circuited transformers 
connected to the mains ; there is further the 
continuous C?R loss in the mains due to this 
current. 

Now, the no load current of a transformer, 
working at a given flux density in the core, 
clearly depends upon two things, namely, the 
quality of the iron, and the resistance oi the 
magnetic circuit of the transformer. For this 
no load current Co is the resultant of the “ iron 
loss current,” Cy, and ofthe ‘“‘magnetising cur- 
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rent,” Cm (Fig. 29); the former depends only 
upon the hysteresis and eddy current losses in 
the transformer core, while the latter depends 
upon the flux in the core and the magnetic re- 
luctance of the latter. In the diagram the 
current required to make up the iron losses (Ch) 
must be considered as being in phase with the 
induced secondary E.M.F. ‘‘¢,’’ and is, there- 
fore, set off as shown, for the iron losses in the 
core act precisely as a small non-inductive 
load on the secondary would do; the magnet- 
ising current Cm is on phase with the magnetic 
flux in the transformer core (since the latter is 
produced by it) and must, therefore, lie at 
right angles to the two induced &.M.F.’s 


Magnitude and Phase 


Magnitude and Phase of Back E.M.F. 


of impressed E.M.F. 


Magnitude and Phase 
of No Load Current 


Magnitude and Phase 
of (xk, 


ry 


ee = m ee eo ee a a 


Magnitude and Phase 
: of Magnetizing Current 
Phase of Magnetic `~.. 


Flux tn Core ~ | Magnitude and Phase 


of Iron Loss Current 
\ 


hase of Induced 
Secondary E.M.F. 


VECTOR DIAGRAM FOR AN 
TRANSFORMER. 


UNLOADED 


&, and Ê, for the core flux is of course in 
quadrature with these. 

In order, then, to make the no load current, 
Ce, as small as possible, and the light load 
efficiencies as high as possible, two points 
must be attended to; iron of the best obtain- 
able non-ageing quality must be used, and 
(for a given flux density in the core) the resist- 
ance of the magnetic circuit must be reduced 
to a minimum. The latter requirement im- 
plies that the length of the magnetic path must 
be short and of good conductivity, that is to 
say, there must be no air-gaps, such as would 
be intrcduced by faced joints in the core. 

We get, then, at once tothe shell type of 


transformer, which, as already stated, gives 
excellent results for lighting and similar work. 
Where the power factor of the load is high the 
type is excellent, both electrically and mag- 
netically. The length of the magnetic path in 
the iron is extremely short, and the stamping 
being put together without joints (that is to 
say, the joint in one stamping is covered 
by the unjointed part of the next stamp- 
ing), the magnetising current required is very 
small. 

It is, however, easy to see the objections to 
Shell transformers. Firstly, the windings are 
practically wholly enclosed by the iron, and the 
coils are more or less rectangular in shape. 
Effective insulation is thus more difficult in the 
first place, and as some portions of the winding 
will get very hot indeed, it is likely to dete- 
riorate. Secondly, if a coil does break down, 
it cannot be got out without taking down the 
whole of the transformer, because the magnetic 
circuit will not be jointed, but built up with lap 
joints, as already explained above. ‘Thirdly, 
the type will be expensive to build, partly 
because of the labour required in building up 
the magnetic circuit by hand, threading each 
stamping through the coils, and partly because 
the windings will not consist of circular coils, 
which are always cheaper to insulate, and to 
wind. 

The fact that the length of the copper circuit 
is long in this type, and the radiating surface 
of the coils exceedingly small, is no disadvant- 
age if such transformers are used for lighting 
wotk, because they will only be fully loaded 
for a comparatively short time, and during 
this period a comparatively large copper 
loss and heating of the coils may be per- 
mitted. But for power work this type of 
transformer is unsuitable from this point of 
view, and it constitutes another disadvant- 
age of the shell type when used for this work ; 
as such power transformers will be always more 
or less loaded and sometimes overloaded, 
special attention must be paid to the question 
of cooling, and as indicated above, the type is 
defective in this respect. And unless artificial 
cooling is arranged for, which is either prohibi- 
tive in small sizes, or else objectionable alto- 
gether (depending upon the method), it will bea 
difficult matter to keep the temperature rise 
within a proper limit. But the great objection 
to the shell type of transformer is the large 
pressure drop it invariably has from ro load to 
full inductive load at constant primary pres- 
sure, compared with that of the core type. 

This question of pressure drop is of the 


804 


JOURNAL OF THE SOCIETY OF ARTS. 


(October 11, 1901. 


utmost importance in transformers working 
upon inductive loads, as already indicated in 
the last lecture. The pressure drop of a trans- 
former is dependent upon— 

(1) The resistances of the primary and 
secondary windings, 

(2) The amount of magnetic leakage in the 
transformer, . 

(3) The value of, and power factor of, the 
secondary current. 


It being assumed, of course, that the pressure ' 


on the primary windings remains constant. 
Generally speaking, when the load is non- 
inductive, the amount of the drop will be 
determined principally by the ohmic resistance 
of the two windings with a given current, as 
magnetic leakage plays relatively a small 


relations of the various quantities in the loaded 
transformer, just as for the case of loaded 
generators, already discussed in Lecture II. 
At no load, provided that the transformer is 
well designed, practically the whole of the 
magnetic flux corresponding to the mag- 
netising current circulating in the primary 
windings is confined to the core, that is to say, 
there is no leakage flux; if this latter was 
present the diagram in Fig. 28 would not be 
correct. But when the transformer is fully 
loaded, the demagnetising action of the 
secondary ampere-turns quite alters this state 
of affairs, for a certain amount of magnetic 
leakage is brought about, the effect of which 
we will now proceed to show. 

Fig. 30a represents diagrammatically a core 
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Illustrating the main leakage fluxes in a core transformer, and also the phases of some of the electrical and 
magnetic quantities in question. 


Note.—In the vector diagram the value for C, has been chosen relatively much too large, for the sake of clearness; for the 
same reason the primary copper drop has been neglected, and hence the valuc of the power factor is too small. 


part, but if the load is highly inductive, mag- | 
netic leakage has a great influence on the | 
pressure drop—far greater than that of the 
resistances. It is for this reason that a 
transformer which has a certain drop of small 
amount on full non-inductive load will have 
a very much greater drop when the load 
is highly inductive, although the value of 
the secondary current is the same in each 
case. It also explains the reason why certain 
transformers whose performance is quite good 
as long as they are used for lighting work, 
prove to be unsatisfactory when used for- 
operating induction motors. | 

The reason for magnetic leakage having | 
such a great effect on the pressure drop when 
the load is inductive follows from the phase 


transformer with half the windings shown in 
section ; for the sake of clearness, most of the 
parts have been drawn much out of proportion, 
the clearance between the secondary coils and 
the core, and that between the secondary and 
primary coils being much exaggerated. Sup- 
pose now that the transformer is fully loaded 
with a secondary current of C, amperes—in 
order to balance this current, a current of C, 
amperes is taken by the primary winding, as 
shown in Fig. 303. This latter figure repre- 
sents the phase relations of the currents in the 
loaded transformer, the three lines, OC,S,, 
OGS, and OC» S,, representing respectively 
the primary, secondary, and no load ampere 
turns, the line OC, S, being the same as that 
in Fig. 29, but multiplied by the number of 
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primary turns. The no load current is, in all 
cases, the resultant of the primary and 
secondary currents; each change in the 
magnitude or phase of the secondary current 
is reproduced in the primary, the current in the 
latter altering its magnitude and phase in 
order to suit this relation. We see that when 
the no load ampere turns are relatively small 
(which is always the case with a well designed 
transformer working at full load), the primary 
ampere turns are nearly equal to the secondary 
ampere turns, and the two currents, C, and C,, 
are nearly in complete opposition of phase. 

As the primary coils of the transformer have 
to carry the no load current and also the current 
required for balancing the secondary current, 
the primary and secondary ampere turns can 
never be exactly equal, while being at the 
same time exactly in opposition of phase. By 
drawing out the diagram Fig. 308 for second- 
ary loads of varying power factor (positive and 
negative) it will be found that the primary and 
secondary ampere turns are never exactly 
balanced in both these respects, the nett 
result being that there is always a portion of 
the primary ampere turns that are unbalanced. 

Returning now to Fig. 30a, we can see the 
magnetic condition of the loaded transformer. 
The secondary windings (divided between the 
two cores and placed next the iron) carrying 
the full load current C}, exert a strong de- 
magnetising effect on the primary windings 
carrying the full load current C,. The vector 
difference between the primary and secondary 
ampere turns, namely, the no load ampere 
turns (Co X S;)is responsible for two things, as 
we have already scen; firstly, these ampere- 
turns have to produce the working flux in the 
core, and secondly they have to make up the 
losses in the transformer. The path of the 
working flux N in the core is indicated by the 
large arrows—it induces (a) the back E.M.F. 
in the primary windings, and (8) the induced 
E.M.F. in the secondary windings, in accord- 
ance with the following well-known equations : 


(a) fs =2xkxNxS x m= 10°; 
(b) E: =2 X ki X N x & x w= 10° 


where k, is the E-M.F. factor (see Lecture I.) 
and S, and S, are the primary and secondary 
ampere turns respectively. Incidentally we 
note that if all other magnetic fluxes were 
absent in the transformer (as for instance at 
no load, when leakage fluxes are practically 
absent) and neglecting the resistance drops, 
we should have— | 


Se 
Ê: = Êi X — 


Now, in our loaded transformer, if there was 
no demagnetising action on the part of the 
secondary ampere turns, the primary ampere 
turns (Cı X Sı), would naturally force an enor- 
mous flux through the transformer core; they 
cannot do this, however, on account of the 
demagnetising action of the secondary of the 
transformers, which is proportional to (C2 x S). 
As we have seen, only the unbalanced part of 
them (that is, the resultant of C, S, and C: S, 
namely, Co Sı) is really active as far as the 
core is concerned, a portion of Co S, (namely, 
CmS,) actually corresponding to, and pro- 
ducing, the core flux N. But the primary 
ampere turns nevertheless act upon the leakage 
paths external to the core, that is, they will set 
up magnetic fluxes in these paths, as indicated 
by the small arrows in Fig. 30a. The leakage 
will principally be in the non-magnetic space 
between the primary and secondary copper, 
and it will decrease uniformly to zero on each 
side of this space, assuming that there is 
no leakage into the iron casing of the trans- 
former. The leakage flux will evidently set 
up an E.M.F. in each coil of the transformer, 
because it is rising and falling with the 
current. Thus, for instance, the secondary 
coil A, having (S,/2) turns, may be regarded 
as being acted on by the leakage flux lying 
inside the peripheral line æ 4, while the 
primary coil B, having (S,/2) turns will 
be acted upon by the leakage flux lying 
outside the line æ ð. As the leakage flux 
is a maximum in the space between the coils, 
A and B, decreasing to zero on each side of it, 
we see that half the leakage flux per limb of 
the core, cuts the coil A, and the remaining 
half cuts the coil B. If we denote the leakage 
flux per limb by 7, and since there are two 
primary and two secondary coils, we have 


ee ce nSande, c 2S, 


where e and e are the total leakage E.M.F.’s 
induced in the primary and secondary windings 
respectively. 

Now, these two E.M.F.’s, e, and e, are, of 
course, in quadrature with the flux # inducing 
them, which is in phase with the primary 
current driving it through the leakage paths. 
As for all practical purposes we may regard 
the primary and secondary currents as being 
in complete opposition of phase, as explained 
above, the leakage E.M.F. e, is in quadra- 
ture with the primary current C, and the 
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EM.F. e is in quadrature with the 
secondary current C}. It is clear, there- 
fore, that these two E.M.F.’s act towards 
the primary and secondary of the transformer 
just as a choking coil inserted in each winding 
would do, the two choking coils having back 
E.M.F.’s of e and e vo'ts respectively. 
Clearly, therefore, these E.M.F.’s produced 
by magnetic leakage in a transformer will in- 
crease the pressure drop. 

Assuming that the leakage flux per limb 7% 
is known, and that the flux rises and falls 
according to a sine law (an assumption usually 
permissible), the values of e, and e: are easily 
determined for each coil by means of similar 
equations to those already given. The diffi- 
culty is, of course, to determine the value 
of the flux z, and no general rule can 
be given for this. All we know is that 
it is directly proportional (being in air) 
to the primary - ampere turns per limb, 
C,S,/2 and that it is inversely proportional to 
the length of the leakage path, ‘‘2’’ (Fig. 30a). 
But the estimation of the leakage flux-density 
can only be made with difficulty, and accuracy 
is only obtainable with the help of previous ex- 
perience of the type of transformer in question. 
For the area of the leakage path is very inde- 
finite, as is also the distribution of the flux; 
all that we know is that the maximum flux 
density occurs in the space between the 
primary and secondary coils, which is of known 
area, and that its value falls uniformly to zero 
on each side of this area, along a distance re- 
presented approximately by the depth of the 
primary coil on the one side, and the depth of 
the secondary coil on the other. We can thus 
approximate to the total flux, n, by integra- 
tion, first finding the value of the maximum 
flux density by means of the ampere turns per 
primary coil, the length of the leakage space 
between the two coils, ‘Z, and the area of 
this space, ‘‘a,’’ the latter being given by the 
distance from copper to copper between the 
coils, multiplied by the mean periphery. 

The value of e, is to be used directly for find- 
ing its effect on the pressure regulation of the 
transformer, but in order to get the effect of e, 
on the secondary pressure, we must, of course, 
put it on the same basis, that isto say, we must 
divide it by the ratio of transformation (S,/S.). 
In most types of transformer, where the primary 
and secondary windings are sub-divided, and 
intermixed, the value of the two leakage 
E.M.F.’s will be nearly the same, considered 
upon the basis of the effect they have on the 
secondary E.M.F., that is, 


very nearly. 

At constant primary pressure, then, the drop 
of pressure from no load to a given load of 
given power factor on the secondary of the 
transformer will depend upon the values of 
e and e, and upon the values of the primary 
and secondary resistances, which we may 
denote by R, and R: respectively. These 
two resistances cause ohmic drops given by 
(Ri x Cı) and (R: x C2) in the respective 
windings, at the given load of C, secondary 
amperes, corresponding to a primary current 
of Ci amperes. But as the ohmic drops are, of 
course, in phase with the currents, and as the 
inductive drops are (as we have already seen) 
in quadrature with the currents, we must 
consider the vesu/fant drop in each case. Fig. 
31 will make this clearer; we have (Fig. 31a) 


FIG. 31 (a, ò, and c). 
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the line OC, representing the phase of the 
primary current, the line OA, in quadrature 
with it, representing the leakage E.M.F. e, in 
magnitude and phase, and the line A B repre- 
senting the primary ohmic drop in magnitude 
and phase; the resultant O B is the ‘‘ primary 
impedance E.M.F.’’ Similarly, in Fig. 31%, 
we have OD as the ‘“‘secondary impedance 
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E.M.F. By reducing the diagram 30a to the 
basis of the secondary winding (that is to say, 
by dividing it by the ratio of transformation of 
the transformer),and by combining the diagram 
so obtained with that for the secondary (313) 
we get the ‘‘impedance diagram” of the 
transformer O EF, shown in Fig. 31c. 

It will be noted that we have combined the 
two impedance triangles in such a way that 
the bases are parallel, resulting in a right 
angled triangle of (total) impedance OEF. It 
would not be correct to do this with a very 
badly designed transformer, or with certain 
transformers designed for special purposes, 
for we have assumed that the primary fand 
secondary currents are in exact opposition of 
phase; as we have already seen, in well- 
designed standard transformers having small 
no load currents, this is nearly the case when 
they are well loaded, and, consequently, for 
this, the standard case, the diagram of total 
impedance given in Fig. 31¢, may be regarded 
as being nearly correct. 

For a given transformer, then, working at 
full load, we may assume that the length of 
the line OF will be the same, and its phase 

elation to the secondary current O C, will be 

the same, no matter what phase difference 
there may be between O C, and the secon- 
dary pressure Ê. For under the above- 
mentioned permissible assumption regarding 
the relative phases of the primary and secon- 
dary currents, the total inductive drop OE, 
and the total ohmic drop EF, are in quad- 
rature with, and in phase with, the full load 
secondary current. For all other secondary 
currents, which are large compared with the 
no load current (say, above half-load), the 
same relations and diagram will hold good, 
because (within the above limit) the phase of 
OF relative to OC, will remain practically 
unaltered, while OF is proportional to the 
secondary current, because its two com- 
ponents OE and EF are proportional to this 
current. 

From Fig. 31¢ we can now at once see why 
the drop of a transformer loaded with a given 
secondary current will increase with the lag 
of this current behind the secondary pressure. 
Referring to Fig. 32 a and 3, suppose we have 
a transformer whose full load secondary current 
is C} amperes, and that we wish this current to 
be furnished to loads of different power-factors 
under a terminal pressure of E; volts. Fig. 32a 
shows the case where the load is non-inductive. 
Let the line PC, represent the phase of the 
secondary current C,; this line will then 


represent the phase of the secondary pressure, 
since there is no lag in the secondary circuit. 
Mark off, then, along P C; the piece P O repre- 
senting this pressure F, to scale; from the 
point O, draw to the same scale the right angled 
triangle O EF as previously obtained (Fig. 31¢), 
its dimensions being dependent upon the 
value of C}, as we have already seen. Now 
clearly the terminal pressure of the transformer, 
E» must be the resultant of (1) the induced 
pressure in the secondary windings, &2, and of 
(2) the total impedance, E.M.F., OF. We, 
therefore, simply join up P F, this line therefore 
representing in magnitude and phase the value 
of secondary pressure 62 that must be induced 
in the secondary windings, in order that the 
secondary current, C}, may be delivered to the 
(non-inductive) load under a terminal pressure 
of E, volts. If this load is switched off (the 
primary pressure remaining unaltered) the 
terminal pressure will increase from E, to &2 
volts. So we may say that the drop of the 
transformer is given by the difference between 
the lengths of the lines PF and PO in the 
diagram. 

Fig. 325 is the diagram drawn out for the 
same secondary current, Cz, but this now 
lags behind the terminal pressure by an angle 
of 45°—that is to say, the power factor of the 
secondary load is now about 70 percent. The 
diagram has to be constructed in exactly the 
same way as before, the drop, given by 
(P F—PO) in amount, having clearly con- 
siderably increased. 

It is clear that had the current C, been lead- 
ing by a similar amount, instead of lagging, 
the line P O would be longer than the line PF, 
the drop being negative. That is to say, under 
these conditions, there would be a 7zse of ter- 
minal pressure when the load is switched on, 
due to the capacity in the secondary circuit. 
It is easy to sce from the diagram, morcover, 
that the maximum drop the transformer can 
have with the secondary current of C} amperes 
and constant primary pressure is given by the 
length of the line OF, which also gives the 
maximum rise ; the maximum drop corresponds 
to a certain large lag, and the maximum rise 
corresponds to a certain large lead, of the 
secondary current with regard to the secondary 
pressure. Obviously, there must be one con- 
dition of loading at which the transformer 
has apparently no drop — this condition 
corresponds to a certain definite lead of the 
secondary current, just as for the case of 
the generators. 

(To be continucd) 
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POLYPHASE ELECTRIC WORKING. 
By A. C. EBORALL, M.I.E.E. 


Lecture TII. (continued )—Delivered May 
107A, 1901. 

The diagrams given in Fig. 32 (p. 807) can 
evidently be used directly for predctermining 
(from the drawings) the regulation of a trans- 
former when under different conditions with 
regard to secondary current and power factor. 
But it will be found in practice that, particularly 
for non-inductive loads, the diagram will give 


| 


results that are too small—that is to say, the 
calculated pressure drop for a given secondary 
current and power factor will be smaller than 
the drop obtained by test on the loaded 
transformer. The error can be as much as 
two or three per cent. for highly inductive 
loads, and ten per cent. for non-inductive 
loads, depending upon the type of transformer 
and its constants, and clearly it is necessary to 
see why this error comes in, and, if possible, 
to correct for it, although it is too small to 
detect with an crdinary voltmeter. 

The reason for the error follows from what 
has been said above regarding the no load 
current of the transformer and its effect on the 
phase relations of the primary and secondary 
ampere-turns. The diagrams in Figs. 31 and 
32 are based upon the assumption that the 
primary and secondary currents are in com- 
plete opposition of phase, and that, therefore, 
we can add together arithmetically the two 
leakage E.M.F.’s, e, and e,, and the two ohmic 
drops (taking due account of the transformation 
ratio), and getting in this way the impedance 
triangle O E F. But the assumption in question 
is not strictly correct, and therefore an error 
occurs, the magnitude of which will depend 
upon the design of the transformer and the 
power factor of its secondary load. If, there- 
fore, we require to pre-determine the regulation 
of a given transformer with accuracy (and 
assuming we can calculate the leakage 
E.M.F.’s accurately) we must abandon the 
simple diagrams of Fig. 32 and draw out the 
complete transformer diagram for every case 
arising, taking into account all the quantities 
concerned. 

We should therefore have to draw out a 
somewhat complicated diagram for each load 
and power factor of the transformer, which 
would be altogether too tedious for all except 
special cases and designs. Moreover, it is not 
possible to calculate the leakage E.M.F.’s 
very accurately, and so even then there would 
be an error in the predetermination of the 
regulation. For standard cases, therefore, it is 
best to adhere to the simple diagram (Fig. 32), 
and either to remember that the values for the 
drop obtained from it will be somewhat low, or 
to make use of an empirical correction, in 
accordance with the designer’s experience with 
the type of transformer in question. Thus, I 
find that with core transformers designed on 
standard lines, in order to make the diagram 
accurate enough for all practical purposes, it 
is sufficient to consider the joint ohmic drop 
€r as being 10-12 per cent. greater than it 
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really is, and to increase the length of the line 
EF accordingly. As we have to measure 
from the diagram a very small difference 
between two large quantities, it is necessary, 
when constructing this diagram, to draw it 
out to a large scale, so that the triangle E F 
can be constructed with accuracy. 

Fig. 33 shows the diagram as it would be 
constructed in practice for a given secondary 
load having different power-factors ; the figure 
represents the diagram drawn out for power- 
factors of 1:0, 0°85, and 0°7, corresponding to 


FIG. 


(@ =45°), the ratio of transformation of the 
transformer (Sı : &) must be E, : é”, where 
E, is the value of the impressed primary pres- 
sure. If this is always constant, the secondary 
pressure at no load will be &2” volts with this 
ratio. 

The value of e in this diagram is very simply 
obtained by experiment upon the finished trans- 
former, as Mr. Kapp has shown. All that has 
to be done is to short-circuit the secondary of 
the transformer through a non-inductive am- 
peremeter of negligible resistance, and then 


33. 
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General diagram to be used for estimating the full load pressure drop of a transformer (at constant primary 
pressure) under different values for the power-factor of the secondary load. 


lags of the secondary current behind the 
secondary terminal pressure of 0°, 36°5°, and 
45° respectively. In order that the pres- 
sure at the terminals of the secondary may 
be E, volts, under these different conditions 
it is necessary for the values of induced 
secondary E.M.F. to be &,', &." €&:" volts 
respectively, in accordance with the power 
factor, so that if for instance we require the 
transformer to give out its secondary current 
C, under the terminal E.M.F. E», when the 
power factor of the load is 7o per cent. 


to supply the primary with just enough pressure 
to get the full load current in the short-circuited 
secondary, as read on the amperemeter. This 
primary pressure (which is of course relatively 
small) divided by the ratio of transformation, 
gives approximately the value “e.” For, with 
symmetrical transformer windings, and neg- 
lecting the exceedingly small current required 
for the iron under these conditions (which is 
quite permissible), half the applied pressure is 
the primary impedance pressure O B (Fig. 312), 
and the other half, reproduced in the secondary, 
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that is, divided by the transformation ratio, 
is the secondary impedance pressure, O D 
(Fig. 31%); by reducing the first-mentioned 
half to the basis of the secondary winding (by 
dividing by S,S:) we get D F (Fig. 31c), so 
that the sum of the two is equal to O F. 

The test is not quite accurate because the 
iron of the transformer is In quite a different 
candition when fully loaded and traversed by 
the flux, N, to what it is during the short- 
circuit test above described ; in the latter case, 
not only is the value of the flux exceedingly 
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readily apparent why it is of such great im- 
portance to reduce the leakage E.M.F.’s e 
and e, to a minimum for the case of trans- 
formers having to operate on inductive loads, 
and we are now ina position to see what the 
factors are that govern this matter. Clearly 
the whole design of a transformer for such work 
must be so arranged that the leakage flux, 2, 
will be as small as possible, and in order to 
insure this the number of ampere turns acting 
upon the leakage paths must be made as small, 
and the reluctance of the leakage paths must 


34. 


STANDARD THREE-PHASE CORE TRANSFORMER OF 20 KILOWATTS. 


small, but its wave shape is quite different to 
what it is under normal working conditions. 
The difference between ‘‘e’’ as measured by 
the short-circuit test, and ‘‘e’’ as it actually is 
at full load, is, therefore, due to the effect of 
the iron magnetisation and losses ; if the tested 
e be used in the diagram, the values for the 
drop will be too small, and must be allowed 
for. But the error is not very great, and the 
Kapp test is of considerable value, especially 
for large transformers, for the drop can be deter- 
mined (with the help of the diagram) without 
loading the transformer and without calculating 
the leakage fluxes. 

From what has been said above it will be 


(Kolben and Co., Ltd., Prague.) 


be made as large, as the design will permit. 
With a given design then, the former can be 
attained by subdividing the primary and 
secondary windings and sandwiching them ; 
if for instance, in Fig. 30a, we divide the 
primary coil on each limb into two equal parts, 
placing the secondary coil in between the two 
halves of the primary, the magnetising force 
acting upon the leakage path, and conse- 
quently the leakage flux per core, would 
be halved. There would be a further advan- 
tage in this arrangement (which would cer- 
tainly be carried out in practice, for the case 
of large units), namely, that the secondary 
coil is not traversed by so much of the leakage 
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flux as it is in the case shown by Fig. 30a. 
Again, we can naturally still further reduce the 
ampere turns magnetising the leakage paths 
by designing the transformer as a whole with 
relatively few turns on the magnetising coils ; 
that is to say, work with a large flux in the core 
(and consequently considerable weight of iron) 
and a small weight of copper. But such a design 
as this would not do very well for any but trans- 
formers always likely to be well loaded (such as 
those for power work) for it implies a relatively 
large iron loss and small copper loss, that is to 
say, a relatively low efficiency at light loads. 

In order to increase the reluctance of the 


A consideration of the shell type of trans- 
former from the point of view of magnetic 
leakage will at once show its inferiority to the 
core type, for, generally speaking, the leakage 
paths will be short and of large area, and the 
whole of the windings will be traversed by the 
leakage flux, as they are practically enclosed 
by the core. It is for this reason, taken in 
conjunction with the constructional objections 
to the type, already enumerated, that the 
shell type of transformer has becn to a large 
extent superseded by the core type for those 
purposes where good regulation upon highly 
inductive loads is essential. 


FG. 35. 


SINGLE-PHASE CORE TRANSFORMER (with the perforated sheet metal cover removed) of 40 kilowatts, at 


8,000 volts primary pressure and 50 cycles. 


leakage paths, we must evidently make use of 
long bobbins ; for the core type of transformer 
this is easily carried out by making the bobbins 
long in the axial direction. Here again, as this 
necessitates long cores and more iron, and 
hence greater no load currents, a slight 
decrease in the light load efficiencies must be 
expected. Naturally, the space between 
primary and secondary windings, and ‘the 
winding depths themselves, must be kept down, 
in order to diminish the arca of the leakage 
path, and to diminish the number of turns of 
the winding affected by the flux in this path. 


Built by Messrs. Brown, Boveri & Co., Ltd., Baden. 


Three-phase transformers as built by the 
leading firms to-day are all of very similar 
design, this being more or less in accordance 
with what has been said above. There will be 
three cores, united at the ends by similar cores 
of about 30 per cent. larger cross section; the 
arrangement of the cores can either be hori- 
zontal, as shown in Tig. 34, or the cores can be 
arranged vertically side by side (the yokes 
being horizontal), or the cores can be hori- 
zontal, one above the other, with the yokes 
vertical, as shown in Fig. 35. This latter 
figure represents, however, a single-phase 
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transformer, designed for both lighting and 
power purposes, and for use with either single- 
phase or three-phase systems of supply. 

With such core transformers the primary 
and secondary coils are concentric, and long 
relatively to their diametcr. For the smaller 
sizes, there will be usually two coils per 
core, the secondary coil being generally next 
the iron; for the larger sizes there will be, 
as a rule, three coils per core, the secondary 
being placed between two primary coils. 
The magnetic circuit will be butt-jointed, in 
order to allow damaged coils to be easily 
and quickly replaced, good contact being | 


load and what is required in order to ensure 
small pressure-drops at full inductive load ; 
for, as already pointed out, the conditions 
favourable to the attainment of the one object 
are unfavourable to the attainment of the other. 
The Table given bclow, illustrating the per- 
formance of the standard three-phase trans- 
formers built by Kolben and Co., for 40 and 
50 cycle circuits, is thoroughly typical of the 
best modern practice in transformer building for 
such types as those illustrated in Figs. 34and 35. 
An inspection of the Table shows that the all- 
round performance of such transformers could 
not well be improved upon, except perhaps for 


Table showing performance of a standard series of three-phase core transformers designed for power 
and lighting work, having concentric windings and butted joints. 


Full load drop. 


aes da Ber Cone: ! (per cent.) sees ae ROERE ae pa 
watts. | | | pO -| -—-——— | centage of full-load ‘centage of full-load 
Full load.| 2? load. | 4 load. | } load. | Cos? = 1i. | Cos $=0'8. output). ` current). 
1,500 | 92 go | 89 80 ! 35 6 4°35 11°5 
3,000 92 9I 89 80 ` 3'2 5'6 4 8 
4,000 92 QI 89 80 3°2 5°6 4 6'9 
6,000 93 92:2 90 84 | 3 5°3 3°84 5°5 
7500 | 93°5 | 93 91 85 i 3 5'3 3°6 4°85 
12,000 | 95 94°38 | 93°5 87 | 3 5 2'5 4'2 
15,000 | 95'5 | 95 94 885 3 5 2'2 3°92 
18,000 96 95°6 95 gI's i 2 4'8 2'0 3°85 
24,000 | 965 | 96 955 | 925 | 2 4'8 175 3°6 
36,000 97 96'8 96 93°55 ` 2 4'8 1°5 3°36 
48,000 97 96°8 96 935 2 4'8 1'5 3°24 
72,000 97 96°8 96 93°5 2 4'8 1'5 3'24 
97 96:8 96 93°5 2 4°8 1°5 3°2 


(00,000 


Notr.—(a). The ratings given in the above Table are on the basis of a non-inductive load; if the load is inductive, 
th figures given represent the output in apparent watts (Ca x E, x cos È). (6). All the above transformers are of the self- 
cooling type, having a maximum temperature rise of 35-40° C. after a run of six hours at the rating given ; the figures for 


efficiency and drop were obtained with hot windings. 
in the three phases. 


ensured between the faced surfaces of cores 
and yokes by very careful machining, and 


by powerful clamping arrangements, enabling 
the surfaces to be forced together under great 
pressure. Except for the smallest sizes, each 


primary coil will be wound in sections in 
order to keep points of great potential differ- 


ence apart—see, for instance, Fig. 35, where 
each primary coil is subdivided into eight 
sections, in order to minimise the risk of 
break-down. 

The design of these standard transformers, 
that is to say, the relative weights of copper and 
iron, will be a compromise between what is best 
suited to high efficiency over a wide range of 


(c). The percentage no-load currents are the averages of the currents 


the sizes below six kilowatts, where the butt- 
joints in the magnetic circuit make the no load 
currents somewhat high. But the enormous 
advantage of being able to repair the trans- 
formers quickly in case of breakdown far out- 
weighs this objection, and taking everything 
carefully into consideration it is difficult to see 
why polyphase and single-phase transformers 
of the type illustrated in Figs. 34 and 35 have 
not become standard in this country instead of 
the type of shell transformer usually employed, 
having as leading characteristics poor regula- 
tion on inductive loads, an unpractical design 
of magnetic circuit from the mechanical point of 
view, and a defective arrangement of the wind- 
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ings from the points of view of heating and 
high insulation. 

One of the most important points connected 
with the performance of any transformer is that 
of temperature rise, and the design must 
always be arranged with the requirements in 
this respect kept carefully in view. From the 
point of view of safety of the insulation no 
part of the winding should have a tempera- 
ture rise greater than 40-45° C, that is to 
say, the temperature of the hottest part of 
the winding should not exceed about 65°C, 
after many hours of continuous running at 
full load. With core transformers this will 
in general mean that the temperature rise of 
the external surface of the coils (exposed 
directly to the action of the cooling medium) 
must not exceed about 35° C. And if the 
transformer ıs required to have a large over- 
load capacity for any considerable length of 
time (say one hour or more) this figure must 
be still further reduced, according to the size 
of the transformer and the method of cooling 
adopted for it. For clearly the first factor 
determining the overload capacity of a trans- 
former is the temperature rise—the second 
factor is the pressure drop, which will, how- 
ever, only be of considerable importance for 
the case of inductive loads. 

The heating of transformers with given loads 
depends upon the total losses (iron loss plus 
copper loss) and upon the radiating surfaces ; 
as there are no rotating parts to cause a fanning 
action, it is clear that the provision of means 
for getting rid of the heat developed during 
working is a most important point, and the 
question of limiting the temperature rise is, for 
this reason, far more difficult than for the case 
of running machinery. There are three 
standard methods of cooling transformers, 
which we will now briefly discuss; they are as 
follows :— 


(a.) Cooling by natural draught. 
(d.) Cooling by oil. 
(¢.) Cooling by forced draught. 


The choice of one or the other of these 
methods depends upon the size of the trans- 
former, and upon the nature of the surround- 
ings, that is, whether the transformer has to 
work in the open air, or in an underground 
street box or cellar, more or less damp, or ina 
properly ventilated and suitably arranged 
building. Quite apart from the question of 
cooling, if the transformer has to work in the 
open air, or in a wet situation, oil has to 
be used for all sizes of transformer, because 


otherwise the windings will be affected, what- 
ever the nature of the case; even if this latter 
is practically watertight, unless an oil filling 
is used, damp air will be drawn into the case, 
with the alternate heating and cooling, and 
moisture will be deposited on the inside, which 
must always be avoided. 

Cooling by natural draught is, as a rule, 
inapplicable for transformers having outputs 
greater than 100 kilowatts, as with this 
the radiating surface of large transformers 
is insufficient, in proportion to the losses, 
to get the heat away. Of course, it is 
not impossible to use natural ventilation 
for transformers having greater outputs 
than this, but with most designs it will be 
found that the temperature rise cannot be 
kept within proper limits without affecting the 
quality of the electrical design, and at the 
same time considerably increasing the weight 
of material, that is to say, the first cost of the 
transformcr. For outputs greater than 100 
kilowatts, it pays, in fact, to adopt one or 
other of the methods of artificial cooling. 

With transformers designed for cooling by 
natural draught, the covers should be perfo- 
rated whenever circumstances permit, in order 
to allow air to circulate round the active parts 
of the transformer; for sizes above about 10 
kilowatts, provision should be made for an 
air-circulation through the core and bobbins, 
which will in general be done by providing one 
or more ventilating ducts in the core itself, in 
a similar manner to that shown in Fig. 38. 
With this mcthod of cooling, clearly the whole 
of the heat given out by the transformer has to 
be got rid of by radiation from the surface of 
the core and coils, which must therefore be 
designed with this end in view. If the trans- 
former is placed in a cast-iron water-tight case 
for use in a damp situation, without oil filling, 
the heat is first radiated from the transformer 
to the case, and then from the latter to the 
surrounding air, and the cooling effect becomes 
thereby greatly reduced. 

By placing the transformer in an iron casc, 
and filling this case up with oil, we arrive at 
the second method of cooling given above. 
We have already explained that the use of oil 
(of course provided that the oil itself is free 
from moisture) safeguards the transformer from 
possible damage by damp or wet. Clearly, at 
the same time, the heat can be more readily 
dissipated than it could be for the same trans- 
former relying upon natural draught for this 
purpose, because the whole of the heat de- 
veloped in the core and windings is conducted 
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by the oil to the case, from which much larger 
surface the heat can readily be radiated away. 
The radiating surface of the case can be con- 
siderably increased by providing it with plenty 
of deep ribs, which is, indeed, standard 
practice. 

But for very large transformers the use of oil 
alone will not be sufficient to keep the tempera- 
ture of the transformer within the prescribed 
limits. In order to do this the oil itself must 
be artificially cooled, by means of water- 
jackets round the case, and perhaps, also, by 
pipes passing through the oil inside the case, 


FIG. 


oils sometimes alter their composition with 
time, doubtless due to the heating to which 
they are subjected, with the result that the in- 
sulation of the windings may gradually dete- 
riorate. Secondly, if a transformer coil burns 
out, necessitating the withdrawal of the oil 
from the case and the removal of the whole 
transformer, it is frequently found necessary to 
rewind the whole of the transformer, for the in- 
sulation of the windings may become so much 
softened by the action of the oil that any dis- 
placement of the coils sometimes causes an 
immediate Ceter:oration of the insulation, and 
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Illustrating the general arrangement and the air circulation of a G. E. C. (U.S.A.) shell-type transformer 
arranged for “ forced draught ” cooling. 


through which, and through the external 
jackets, cold water is made to circulate. 
Another method sometimes adopted for cooling 
the oil is to circulate the latter through internal 
cooling pipes from an external tank, the oil 
being drawn off hot, and returned cold, to the 
transformer. 

There are several objections to oil cooling 
for transformers. Firstly, it is by no means 
easy to get suitable oil, that is to say, oil free 
from moisture and from any substance that 
might cause damage to the insulation of the 
transformer windings ; again, it is found that 


numerous short circuits between adjacent layers 
of the windings. In fact if once oil is used for 
a transformer, the latter should never be shifted 
or the oil taken out, otherwise the insulation 
of the windings may suffer. 

The third objection to the use of oil cooling 
is that even when the transformers are installed 
indoors in dry situations, they must still be 
provided with heavy and expensive iron cases 
(instead of light sheet metal cases) which add 
considerabvy to the first cost of the transformer. 
Incidentally we may note that when oil is 
used as a filling, the cases must always be 
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provided with suitable stand-pipes, in order 
that the oil may expand and contract in accord- 
ance with the heating and cooling of the trans- 
former. 

The fourth objection to oil cooling lies in 
the expense entailed by its use for the case of 
very large transformers ; the cooling pipes and 
jackets mentioned above add considerably to 


formers, although free from wet, is yet damp, 
such as a street transformer station, it is fre- 
quently best to put them in cast-irom cases, 
without any filling whatever, and make up for 
the reduced cooling facilities by putting in a 
larger transformer for the work. On the other 
hand, if the situation of the transformers is 
dry, such as would be the case if they were 


Fic. 38. 


Cross-section through one core and pair of windings of a 150 kilowatt three-phase Kolben transformer for 


5,000 volts primary pressure and 50 cycles. 


the first cost of the transformer, and the con- 
tinuous circulation of cold water or oil, if this 
is circulated through them, is naturally not 
done for nothing. 

For these reasons, experience tends to show 
that the use of oil for cooling purposes should 
be avoided when possible for all those trans- 
formers that can be installed in a dry build- 
ing. If the transformers are of small or 
medium size and if the situation of the trans- 


(Compare Fig. 37.) 


installed in a power or sub- station for 
stepping the pressure up or down, the cast- 
iron cases will be unnecessary, and light, 
perforated metal cases can be substituted for 
them, the cooling being effected in all these 
cases by “ natural draught.’’ 

But if the transformers are of large size, 
and are installed in a building, the third method 
of cooling, namely, that of ‘‘ forced draught,” 
should be adopted, and will be found to give 
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the very best results. The method can be 
used with a single transformer, or with any 
number banked together, and consists in 
forcing cool air by means of a motor-driven 
blower through the transformer. This method 
of cooling originated in the States with the 
General Electric Company (Schenectady), but 
is now pretty generally used for large work. 
Fig. 36 shows the principle of the method, the 
course of the air through the core and windings 
of the transformer being clearly indicated ; in 
this particular type of G.E. transformer, both 
the core and the windings are provided with 
air-ducts, so that the cool air can reach prac- 
tically every part of the transformer. 

Fig. 37 shows a bank of two three-phase 
Kolben transformers (each of 150 kilowatts) 
and the forced draught arrangement; a section 
through one core and the windings is shown in 
Fig. 38. The blower is operated by a three- 
phase motor with squirrel-cage rotor fed from 
the secondary side of the transformers, and 
rated at about 4 B.H.P.; thus the efficiency 
of the transformers is inappreciably affected by 
the power absorbed by the blower equipment. 
The arrangement of the delivery pipes and the 
velocity of the air in them are so fixed that 
cach transformer gets the same quantity of air, 
and, therefore, has practically the same tem- 
perature rise. The transformers are covered 
by a perforated shect metal casing, through 
which the hot air gets away. 

When more than two transformers are 
arranged to be operated from a common blower 
equipment, an air-valve is placed in the delivery 
pipe to cach, so that the air supply can be 
regulated to each transformer. For with 
banked transformers operated in parallel, it is 
of importance that they should have exactly 
the same temperature, that is, the same re- 
sistance (and pressure drop), otherwise they 
may not distribute the load equally. 

Large transformers, in my opinion, are far 
more effectively cooled by means of forced 
draught than by any other method of arti- 
ficial cooling; it is a clean, safe, efficient, 
and cheap arrangement, and superior to 
that of cooling by circulated or water-cooled 
oil.* Morcover, it can be applied even if 
the air is damp, for there is no condensation 
of moisture as long as the draught con- 
tinues; under certain circumstances, it is 


°” Whenever oil is used asa filling for transformer cases, 
the greatest care must be taken to sce that it is perfectly free 
from traccs of water; moreover an oil must be selected whose 
“critical temperature” is over 80° C., and at the same time the 
maximum temperature rise of the transformer should be kept 
well with'n the above -mentioned limit of 45°C. 


best to arrange for the blower to suck air 
through, instead of forcing it through. Of 
course, the forced draught may be a dis- 
advantage if a coil burns out, for the whole 
transformer may be fired in this way within an 
exceedingly short period of time, as has 
happened in my experience, but such a con- 
tingency as this need hardly be reckoned with. 


Miscellaneous. 
—_—. 
INDIGO. 


Mr. M. E. F. Lavers has addressed a letter to the 
British Indian Commerce, in which he controverts 
the statements contained in a report of the British 
Consul-General at Marseilles, on the subject of 
artificial indigo. 

Mr. Lavers asserts that this artificial product is 
inferior to natural indigo, and says that “ some of the 
French printers who have been using the artificial dye 
are now again using real indigo, as they prefer it, 
especially at its present moderate price. The statement 
has so often been made that the German Government, 
with the view of fostering a native industry, has ex- 
perimented with the new dye, but it has also been 
reported over and over again that the result was not 
satisfactory, but that further trials were to be made. 

“We are told that a natural reduction in cultiva- 
tion has already been brought about, the truth being 
that owing to the low prices ruling, it has not paid 
the planter to cultivate his poorer lands, and to a 
comparatively small extent, experiments are being 
made with other produce in some of the better lands. 

“Mr. Lavers does not believe that any reliable 
figures can be given to show that the artificial dye has 
interfered very materially with the consumption of the 
real article. 

“In a late issue of the Ji estminster Gazetle some 
figures have been published to show what has taken 
place in Germany and France that are so ludicrously 
incorrect that one is lost in astonishment as to how 
they can be put forward by the writer of the article. 
The figures have no doubt been taken from Dr. R2si’s 
report, wherein he states that Germany have ceased 
to import indigo and has become an exporter. The 
statement that the imports into Germany declined 
from 1,036 tons in 18U6, and 118 in 1898, and ceased 
altogether in 1899, is simply without foundation. 

“ The statistics of the Calcutta market show that 
Germany took more indigo in 1898 and 1899 (when 
the Badische dye was supposed to be successful) than 
she did in 1891, before it was brought out, and she 
still continues to take her share of the crop. 

“ France again took 2,720 chests last season in 
Calcutta, which, though less than she took in the 
previous season, is more than she has taken in some 
years during the last decade. The imports into France 
in some years aremuch larger than in others, depending 
on the fluctuations in the termina] market in Havre. 
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‘* A feeling ofuneasiness has been caused and fostered 
by various means which has revolutionised the trade, 
and neither customers nor dealers will hold stock as 
they formerly did. The result is that pressure to sell 
the crop has caused the serious decline in prices 
which has taken place. The remedy required is a 
better mode of selling. 

“That the competition of and the talk about 
artificial indigo has injuriously affected the markets 
for the real dye there can be no doubt, and planters 
have been stimulated thereby to make additional 
efforts in reducing the cost of production. Economies 
of various kinds have been effected, and endeavours 
have been made, and are being made, to increase the 
yield of the plant, and simultaneously to improve the 
quality of the produce, but with what measure of 
success remains to be seen. Critics tell planters that 
they have done nothing for years past to improve 
their methods, whilst others, perhaps with more 
knowledge, sce that in reality the old-fashioned pro- 
cesses extracted from the plant nearly all that is 
worth having, and for the rest the application of 
scientific methods to its growth and manufacture, 
greater care and cleanliness, with some improvement 
in mechanical appliances which have been adopted 
lately, will do nearly all, if not quite all, that is to be 
done. Itis certain that former experiments in the 
application of chemicals to assist fermentation, and 
so on, have not been the success anticipated. 

‘“ Good may be done by manuring the crop, but will 
not reduce the cost of production unless the results 
are very marvellous. These things are now, however, 
all having the scientific attention they deserve.” 


ECONOMICS AND COMMERCIAL 
EDUCATION.” 


In the middle of the 19th century the economist 
exerted a dominant influence over British public 
opinion, but by the close of the century that influ- 
ence had become less considerable. The stir now 
arising on commercial education offers a fresh oppor- 
tunity for asserting the claim of economics to a 
distinct place in the education of the citizen; and 
two circumstances favour the advance of the claim. 
On the one hand, the inner history of economic study 
affords reason for believing that the old controversies, 
which created such noise, are dying or dead; that 
the criticism, which has been busy, has been accom- 
panied by a considerable amount of constructive 
work ; and that the popular antithesis between the 
“old” and the ‘‘ new” schools has lost its meaning, 
if it is supposed to represent irreconcilable feuds. On 
the other hand, economic guidance is more urgently 
required in practical affairs ; for many questions 
coming to the front of popular discussion are 
economic in character. The pressure of commercial 
rivalry, for example, is likely to re-awaken the con- 


® Abstract of a paper read before Section F of the British 
Association at Glasgow, by L. L. Price. 


troversy between free traders and protectionists; and 
economics has something of importance to say on 
this questiou. The superficial appearance of things 
may easily mislead, and economists can render unique 
assistance in disclosing the ‘‘unseen’’ below the 
“seen.” Similarly, with regard to questions classed 
as “socialistic,” which are attracting increasing 
notice, although economics is not entirely indivi- 
dualistic, and its conclusions may be modified by 
political considerations, its aid is nevertheless im- 
portant. Both classes of questions are of special 
interest for the merchant and the manufacturer. The 
individualistic spirit prevalent among Americans, who 
promise to be the most formidable of our commercial 
competitors, lends emphasis to the danger attaching 
to a trade union policy which, of unconscious or 
deliberate intent, may possibly offer real hindrance to 
the rapid use of new machinery, or the speedy intro- 
duction of novel business methods. Restrictive 
legislation, for the same reason, must be scrutinised, 
although in the early days of the factory system 
economists erred from shortness of sight, and 
“ factory reformers” displayed more regard for the 
permanent welfare of the nation. Economic stady is 
specially calculated to induce the habit of mind 
needed to discover and expose lurking fallacy. 

On this ground a place may be claimed for the 
abstract reasoning of the text-books in commercial 
education. Business men deal with the concrete in 
their ordinary lives, and without some preliminary 
mental discipline they may fall a prey to unsuspected 
fallacy. Some training in logic is held by most men 
to be beneficial, and an acquaintance with economic 
argument, as expounded in the theoretical reasonings 
of the text-books, may impart this training in close 
connection with the phenomena of business life. 
Although the business man may act by instinct 
rather than reason, instinct is often the slow product 
of large experience; and an ability to see and trace 
the connection between cause and effect cannot fail 
to be useful. Without some such mental training 
the possibility of a “ plurality of causes’? and an 
‘‘intermixture of effects” may escape recognition ; 
and, as an intellectual discipline, the abstract reason- 
ing of the economists affords a more rigorous and 
bracing exercise than economic history. Regarded 
from this standpoint, even ‘‘ mathematical methods ” 
of study, which induce precision, may find a place in 
commercial education ; but the place cannot be large, 
as they foster the harmful idea that economic reason- 
ing is too hard for average men. The use of theory 
as a mental training might be illustrated by many 
examples; but the theory of money and of banking, 
which has undergone less change than other theories, 
and is closely related to the daily life of bankers and 
financiers, may be taken as a typical instance. 

Economic history must fill a very large place in 
commercial education. It has recently made 
marked progress. Escaping from arid con- 
troversics about method, although the c nclu- 
sions of one historian may be questioned or 
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rejected by his successors, and much may remain 
unexplored or uncertain, it is now able to present 
the broad characteristics and leading events of 
English commercial and industrial history in orderly 
sequence for the instruction of the citizen. From the 
point of view of commercial education, too much 
time may hitherto have been spent on questions of 
origin—such as the manor—which attract by the 
opportunity they offer for ingenious hypothesis, but 
are from their nature difficult to solve, and, by com- 
parison, too little attention may have been bestowed 
on later but less misty periods. But it is impossible 
to gain a real knowledge of the causes and conditions 
of the commercial and industrial success of England 
without a special study of economic history, as 
general histories have dealt but scantily with 
economic matters. The maintenance of that success 
is, to some extent, dependent on the knowledge and 
on the investigation of the rise and fall of other 
nations which have been conspicuous in trade. 

Lastly, statistics, which has also progressed of late, 
supplies economics with the means of systematic 
observation, in default of the more effective mode of 
experiment open to a physical science like chemistry. 
An elementary knowledge of statistical technique 
and methods is a requirement of the times, and a 
special need of commercial education. 


Obituary. 
—— 


MAJOR-GENERAL FREDERIC CONYERS COTTON, 
C.S.I., R.E.—By the death, on Saturday last, 12th 
inst., of General Cotton, the Society of Arts loses a 
distinguished member, who held the office of Chair- 
man of Council in 1877. Frederic Cotton was the 
eleventh and youngest son of Mr. Henry Calveley 
Cotton, of Woodcote, Oxfordshire, cousin to the first 
Viscount Combermere. Several of General Cotton’s 
brothers rose to positions of great importance; the 
second son of Mr. H. C. Cotton was Sir Sydney John 
Cotton, Governor of Chelsea Hospital (d. 1874), and the 
ninth son was Sir Arthur Cotton (d. 1899), also a 
prominent member of the Society. Frederic Cotton 
was born 30th July, 1807, and entered the Madras 
Engineers at an early age. For some years he was 
attached to the Public Works Department, and he took 
an active part in the first war with China. He was one 
of the pioneers of Indian forestry, and in 1847 urged 
the Government of Madras to action in this matter, 
recommending Captain (now General) Michael for 
the charge of the Annamally forests in the Coimbatore 
district. He was also intimately associated with his 
brother, Sir Arthur Cotton, in his great irrigation 
works, and during the latter’s absence from India he 
was in charge of the works of the Godavery. He 
retired from the service in 1860, and a few years 
later he was granted a good service pension in recog- 
nition of his services, civil and military combined. 
He continued his vital interest in the affairs of India 


to the last, and a few months ago he published a 
pamphlet on “The Water Supply of India,” in which 
he expressed the opinion that, after seventy three years’ 
study of the subject, the only possible means of prevent- 
ing famine was to be found in irrigation. He was 
elected a member of the Society in 1874, andin 1876 
he read a paper on “ House Drainage” (Journal, 


vol. 25, p. 36). 


Notes on Books. 
ee” eee eas 


A FIRST BOOK OF THE LENS. By C. Welborne 
Piper. London: Hazell, Watson and Viney, 
Ltd., 1901. 


Under this modest title, Mr. Piper gives us a fairly 
complete treatise on the modern photographic lens. 
It is not perhaps as elementary in its method of treat- 
ment as its title would lead intending readers to 
suppose, or perhaps it would be fairer to say that, 
while it is really elementary, it is not quite so popular 
as might be expected. 

The first chapter deals briefly with physical optics, 
explaining the action of a lens by the wave-theory of 
light. The rest of the book is practically geometrical 
optics. The general theory of lens action is ex- 
plained, and the effect of combining lenses of different 
characters. Chapters are devoted to Aberration and 
its treatment, ‘‘ Scale, Intensity, and Illumination,” 
and “ Depth,” in which the special characteristics of 
the photographic lens are dealt with, the use of the 
diaphragm, and reduction and enlargement, exposure, 
circle of confusion, ‘‘covering angle,’’ and such like 
matters are discussed. ‘‘ Focussing Scales,” a subject 
raised to importance by the use of the hand camera, 
forms the subject of the next chapter. An important 
chapter deals with measuring and testing lenses, and 
an Appendix of useful facts completes the book. 


General Notes. 
—_——_—»—___—_—_ 


ARTIFICIAL LEATHER. — The United States 
Consul-General at Coburg states that, according to 
the German Press, a new artificial leather (fbroleum) 
has just been invented by a Frenchman. It consists 
of pieces of refuse skin and hides cut exceedingly 
small, which are put into a vat filled with an intensely 
alkaline solution. After the mass has become pulpy, 
it is taken out of the vat, placed in a specially-con- 
structed machine, and after undergoing treatment 
therein, is again taken out and put through a paper- 
making machine. The resulting paper-like substance 
is cut into large sheets, which are laid one upon 
another, in lots of from 100 to 1,000, and put into a 
hydraulic press, to remove all moisture. The article 
is strong and pliable, and can be pressed or moulded 
into all kinds of shapes and patterns. It is said to 
make the best kind of wall paper. 


October 25, 1901.) 


JOURNAL OF THE SOCIETY OF ARTS. 


821 


Pournal of the Society of Arts, 
VoL. XLIX. 

PENSEES a 
FRIDAY, OCTOBER 25, 1901. 


No. 2,553. 


All communications for the Society should be addressed to 
the Secretary, Fohkn-street, Adelphi, London, W.C. 


ee e a Mo 


Notices. 
ee 
COLONIAL SECTION COMMITIEE. 


A meeting of the Committee of the Colonial 
Section was held on Tuesday afternoon, 22nd 
inst. Present: Sir Charles Malcolm Kennedy, 
K.C.M.G., C.B., in the chair; Sir Andrew 
Clark, G.C.M.G., C.B., Sir John A. Cockburn, 
K.C.M.G., Sir Walter Peace, K.C.M.G., Sir 
Westby B. Perceval, K.C.M.G., with Sir 
Henry Trueman Wood (Secretary to the 
Society) and S. Digby (Secretary to the Sec- 
tion). The arrangements for the Session were 
considered. 


Proceedings of the Society. 
— ee 
HOWARD LECTURES. 
POLYPHASE ELECTRIC WORKING. 
By A. C. EBORALL, M.I.E.E. 
Lecture IV.—Delivered May 17th, 1901. 


In this lecture (the last of the series), we 
shall discuss some of the principal points con- 
nected with polyphase motors ; the subject is 
such a large one, however, that the time at our 
disposal will only permit us to deal with motors 
of the induction class. The general properties 
of synchronous motors (and rotary converters) 
have been discussed elsewhere by me quite 
recently,* while it must be also borne in mind 
that such motors are simply reversed alter- 
nators, and that everything said in Lecture I. 
is applicable to them. 

When speaking of motors in polyphase work, 
induction motors are to be understood, as it is 
only this class that can be generally applied to 
industrial purposes. Their manner of working 
ee nee dente eet penne ceemnee-oaeessemeee 


e “Some Notcs on Polypbase Sub-station Macbizery,’’ 
Journal of Inst. of E.E. (London), 1901, Part 150, Vol. xxx. 


‘windings of the induction motor. 


and performance is entirely analogous to that 
of shunt wound direct current motors, and every 
class of work adapted for the latter machine is 
equally well adapted to induction motors, being 
in some cases even more suitable for them. 

The essential characteristics of induction 
motors are (1) when running, the rotating part 
(hereafter called the ‘‘rotor’’) has its wind- 
ings short-circuited, while (2) at all times there 
is no electrical connection between the rotating 
part and the stationary part (hereafter called 
the ‘‘stator’’). The power taken from the 
mains by the stator is transferred magnetically 
across the air-gap to the rotor, with but small 
loss, in exactly the same way as the power 
taken in by the primary windings of a trans- 
former is reproduced by the secondary wind- 
ings, and given out to the load. 

As a matter of fact, an induction motor is 
simply a (polyphase) transformer with a rota- 
ting short-circuited secondary, the load on the 
shaft of the motor taking the place of the 
secondary load of the transformer. The theory 
and calculations for transformers can therefore 
be applied to induction motors, the latter being 
considered as transformers with great magnetic 
leakage, which, of course, occurs on account of 
the air-gap separating the stator and rotor 
On account 
of this relatively large magnetic leakage, how- 
ever, there is one great difference between the 
performance of induction motors and that of 
standard transformers; as we shall see later on, 
with the former the magnetising current varies 
with the load on the motor, while, as we already 
know, the magnetising current of standard 
transformers is practically constant at all 
secondary loads. (Lecture III.) 

The constructional elements of a polyphase 
motor are therefore simple ; we have merely to 
take a polyphase transformer, and re-arrange 
it so that the short-circuited secondary can 
rotate relatively to the primary. The secondary 
will act across the air space while rotating, 
exactly as it does in the transformer, that is, 
the current in the (short-circuited) windings 
will depend upon the load, and will tend to de- 
magnetise the primary, each alteration of the 
secondary current causing a corresponding 
alteration in the primary current. The mag- 
netising current, as in the transformer case, 
will be the resultant of the primary and 
secondary currents (taking due account of the 
difference in the number of turns) and the flux 
in the rotor wilk be propartiogal to it. 

Assuming no losses of any kind in such a 
motor, it will rum at synehronism when un- 
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loaded, that is to say, ifthe stator winding is 
two pole (the winding of each phase, if 
considered alone, producing a single N-pole 
and a single S-pole), the speed of the 
motor running light will be equal to the 
supply frequency. As soon as a load is put on 
the motor, the rotor slips back a trifle from 
its synchronous position, in order to allow 
current to flow in its windings. For the 
stator of our two-pole motor naturally acts 
in exactly the same way as the armature of 
a polyphase generator; the three sinusoidal 
magnetising currents (in the three-phase 
case) differing in phase by 120°, rising 
and falling in the three sets of coils having 
the same space relation to one another, pro- 
duce a rotating flux (Fig. 134, Lecture III.), 
which rotates with a speed equal to the 
supply frequency. The greater part of this 
flux sweeps round the rotor, and if the 
conductors on the latter are rotating syn- 
chronously, as they would do if there were 
no losses in the rotor, there will be no E.M.F. 
induced in them, because in order to induce 
an E.M.F. in a rotating conductor by means 
of a magnetic flux, there must clearly be a 
relative movement between the conductor and 
the flux. Now directly a load is put upon the 
shaft of the motor, tke rotor (with its con- 
ductors) drops behind a trifle, as stated above, 
that is to say, the rotor s/zZs relatively to the 
rotating flux. Immediately this occurs, an 
E.M.F. is induced in the rotor bars, which 
drives a current through them sufficient to 
carry the load. The rotor slips, in fact, to 
such an extent that a current is produced in 
its short-circuited windings of such a value, 
that this current, multiplied by the rotating 
flux which has produced it, corresponds to the 
torque necessary for the load. But directly 
the rotor carries a load current (corresponding 
to the load on the secondary of a transformer), 
an increased current flows into the stator, to 
counterbalance this load current. Before 
the load was put on (and assuming no 
losses), the stator current was simply the 
magnetising current required to produce 
the rotating flux—when the load is put on, 
the stator current increases from this value 
to an amount depending upon the rotor current, 
that is, upon the load. 

In a commercial motor there are, of course, 
losses at no load; the rotor running light is 
loadedto an amount depending upon thecopper, 
friction, and ventilation losses, which are, of 
course, very small. Commercial motors, there- 
fore, when running light, will carry a current in 


their windings, and will not run synchronously ; 
the rotor current will be just sufficient to make up 
the total rotor losses under these circumstances, 
and as it will be so small, the speed will be 
practically synchronous. In fact, all induction 
motors of good design run so near synchronism 
at no load that it is impossible to measure the 
actual departure from it by means of a tacho- 
meter; it is a difficult matter even at full load, 
for with standard motors, above say 5 B.H.P. 
in size, the slip will not exceed 5 per cent., as 
a table given later on will show. 

A little reflection will show that by increasing 
the number of stator poles we can reduce the 
speed of the rotating flux, and therefore that 
of the motor.* It is naturally absolutely neces- 
sary to be able to do this, for nothing but toy 
sizes of motors could be allowed to run at speeds 
equal to the frequency—thus, 40, 50, 60, etc., 
revolutions per second. Commercial motors, 
then, will have (no load) speeds that are some 
sub-multiple of the frequencies of the supply 
circuits upon which they work, and will have 
therefore four or more stator poles per phase, 
the number of pairs of stator poles per phase 


“Ø” being fixed by the formula 


60x N 

P 
An exception to this will be motors operating 
from 25 cycle circuits, which can be two-pole 
in the smallest sizes. 

As in a transformer, the strength of the total 
stator flux in induction motors is determined by 
the supply pressure. The rotating sta/or flux 
attains such a value at no load (when the 
copper drop is small), that the impressed 
E.M.F. on the motor terminals becomes 
nearly equal to the back E.M.F. of the motor 
—that is, to the E.M.F. which is induced in 
the stator windings by the rotating flux in the 
core. This back E.M.F. is of course propor- 
tionate to the number of turns per stator phase, 
and to the value of the rotating flux in 
the stator core; as we have seen that the 
torque of the motor is proportional to the 
product of rotor current and rotor flux, it 
follows that for large starting torques the flux 
must be made to have a high value, and that 
this can be done by employing relatively few 
turns per phase on the stator. From this again 
follows that the magnetising current of the 
motor will be relatively large, and this, indeed, 
is one of the leading features of induction 


Revolutions per minute = 


“It is unnecessary to explain in detail the reason for this 
here, as a little thought will make it obvious. Or consult a 
standard text-book, such as “ Polyphase Electric Currents ”’ 
(S. P. Thompsan). 
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motors for crane, hoist, railway, and similar 
work, where large torques are required. As 
the iron parts of such motors must be amply 
dimensioned in order to carry the large flux, 
it follows also that they will be relatively heavy. 

We have seen that the slip of the motor is 
determined by the load—it is also clearly 
dependent upon the resistance of the rotor 
windings. The impressed pressure on the ter- 
minals of the motor is constant, and with it 
(neglecting, for the moment, the C? R drop in 
the stator windings) the total stator flux—a 
small portion of this flux leaks away before it 
gets to the rotor conductors, and the remainder 
cuts the rotor conductors. The speed of the 
rotor relative to that of the rotary flux has to be 
such that a pressure can be induced in its 
windings sufficiently great to drive the load 
current through them. If they have a high 
resistance, the slip will be greater, and vice 
ve? så, so that in order to get good speed regu- 
lation with an induction motor, the rotor resist- 
ance must be kept down, which is clearly also 
a condition favourable to high efficiency. We 
have then here a close analogy to the case of 
the direct current shunt wound motor, in which 
high efficiency and small drop in speed are 
dependent upon the resistance of the armature 
windings. 

Again, from these considerations, it is clear 
that if we wish to regulate the speed of the in- 
duction motor, while exerting a constant torque, 
we can do so simply by inserting resistance 
into the rotor windings, just as would be done 
with the corresponding direct current shunt 
motor working at constant terminal pressure, 
and constant field strength. The method is 
naturally as wasteful in the one case as in the 
other, and the limitations to its employment are 
similar in each case. 

I have given the above preliminary explana- 
tion regarding the manner of working of 
the induction motor in order that the practical 
details of its construction might be better 
understood ; we will now pass on to a brief 
consideration of these, and afterwards discuss 
the working theory of induction motors as well 
as we can in the short time at our disposal. 


(a.) MECHANICAL DESIGN. 


The mechanical design of the induction 
motors built by leading makers is very similar, 
the standard type of motor being semi-enclosed; 
Fig. 39 shows, for instance, a typical motor. 
Stiffness of construction as far as the bearings 
and the rotor shaft are concerned, is an essen- 
tial feature, for induction motors must be built 


with exceedingly small clearances between the 
stator and rotor. For otherwise, in accord- 
ance with what has been said in the prelimi- 
nary remarks above, there would be an exces- 
sive magnetising current required to get the 
flux across the air-gap from stator to rotor, 
and moreover, there would be very great mag- 
netic leakage from pole to pole along this 
gap. Thus an induction motor with a rela- 
tively large air-gap would have a low power- 
factor, a poor starting torque, and a small over- 
load capacity, as will be clearer later. For 
these reasons, standard induction motors con- 
structed in the manner described below, will 
have clearances — that is to say, air-gap 
lengths — somewhat as follows for various 
rotor diameters :— 


Rotor Diameter. Air-gap Length. 
Up to 4 inches inclusive ..  .«. 0010 inch. 
Between 5 and 8 inches inclusive. o-o15 ,, 
9 9 5» 12 5, ” 0°020 ,;, 
3 IS 3, 20 5, ” 0'035 >» 
9 24 55 32 35, ” o-o80 ,, 
99 40 99 60 99 9? orl 25 99 


The above dimensions do not apply to in- 
duction motors used for traction purposes, 


which always have larger clearances than those 


given below; this is necessary on account of 
the considerable shocks to which such motors 
are unavoidably subjected, which has the effect 
of causing considerable wear on the sleeves of 
the bearings. In traction work, it would be 
nearly impossible to keep these sleeves in such 
a condition that the clearances given above 
would be safe, partly on account of the cost of 
the constant renewals, and partly on account of 
the incessant amount of inspection that would 
be necessary. As a rule, therefore, the clear- 
ances of such motors are about 50 per cent. 
greater than with standard stationary motors. 

Such small clearances between the stator 
and rotor naturally necessitate shafts of ample 
size, and a very stiff construction for the sup- 
ports of the bearings. For this reason the latter 
are (for low and medium pressure motors) in- 
variably carried on end shields or radial arms, 
bolted to the stator casing (see Figs. 39 and 
42), which form of construction reduces the 
length between the centres of the bearings to 
a minimum, protects the windings, and is also 
cheap, as no separate bed-plate is needed. 
It has the further advantage of allowing the 
motor to be installed in any position without 
structural alteration, as all that is necessary 
is to turn the end shields through go or 180 
degrees as the case may be, in order to bring 
the oil-wells vertical. 
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The above-described semi-enclosed construc- 
tion has, as a rule, to be departed from with 


all high-pressure motors,. because with these, | 


the stator coils must be kept well away from 


the case ; hence such motors, which are usually . 


of large size, are invariably of the open type, 
the stator-cases standing on a bed-plate, on 
which the pedestals for the bearings are also 
mounted. With such motors, it is good prac- 


for the larger motors, while ring lubrication is 
invariably used for all sizes. 


(d.) STATOR AND ROTOR ‘CORES. 
These are always laminated for standard 


, motors; the laminations of the stator are usually 


0'02 inch in thickness, and insulated with thin 


| paper (decreasing the effective iron section by 


10 to 12 per cent.), while those of the rotor are 


FIG. 39. 


SEMI-ENCLOSED THREF-PHASE MOTOR OF 80 B.H.P. for 350 volts. and 40 cycles at 600 revolutions per 


minute. 


tice to place thin packing strips under the feet 
of the stator-case in the first instance; as the 
brasses wear down, these packing strips can 
be removed, so that the proper clearance can 
be preserved. But, of course, after a time, 
new brasses must be put in, and the stator 
again correctly centered. 

The necks of the shafts of induction motors 
are usually case-hardened, and afterwards 
ground true ; self-aligning bearings are general 


(Built by the ‘‘ Electricité et Hydraulique,” Ltd., Charleroi.) 


usually double this thickness, and insulated by 
varnish. Both the stator and rotor laminations 
have holes or slots stamped in them for the re- 
ception of the respective windings, the choice 
of holes or slots, and the dimensions of the same 
depending largely upon the ideas of the in-. 
dividual designer, and upon the other constants 
of the motor, as well as upon the purpose for 
which it is to be used. Fig, 40 shews some 
typical forms for both stator and rotor, with 
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their dimensions, as used by Messrs. Kolben 
and Co.; for larger motors, the shapes and 
dimensions of the generator armature holes 
and slots shown in Fig. 11 (Lecture II.) are 
quite applicable, and, in fact, many makers 
utilise the same punches for their motor stamp- 
ings, as for those of their polyphase generators. 
Small depths of slot and widths of tooth are 
favourable to a good performance ; the former 
in order to reduce the winding depth, and with 
it the value of the leakage E.M.F. in the wind- 
ing; the latter, in order that the saturation of 
the teeth may be relatively high, and with it 
the reluctance of the leakage paths through 
them. 

The relative advantages of holes and slots 
are as follows :—With a hole winding, the area 
of the air-gap per pole is a maximum (because 
the stator bore is smooth all round) and hence 
the magnetising current required (for a given 
flux, length of air-gap, and number of stator 
turns) is a minimum; on the other hand, the 
coils have to be hand wound, and the interior 
of the holes has to be filed, and the stator bore 
machined, in order to reduce the small bridges 
across the slots to a mere shred, as otherwise 
there would be considerable leakage across 
them. This filing and machining of the stator 
core naturally makes a great difference to the 
iron losses, and adds to the expense of con- 
struction. With a pure slot winding, as the 
sides of the slots are parallel, former wound 
coils can be used, which is an advantage, 
insomuch as the winding becomes cheaper to 
execute, much easier to repair, and there is no 
danger of the wire being damaged in the slots, 
as each core is separately wound, taped, and 
varnished before being put in. With a hole 
winding, unless the winders are very ex- 
perienced and reliable, the conductors may be 
injured while being pushed through, which 
injury may escape detection not only at the 
time, but even in the testing room. Again, 
although slots are more difficult to punch than 
holes, there is no need to tool the cores after 
they have been built up; on the other hand, a 
pure slot winding means, as a rule, a large 
magnetising current, on account of the 
diminished air-gap area. 

In my opinion, a compromise between the 
hole winding and the straight slot winding, 
namely, a winding in partially closed slots, as 
used by nearly all the continental firms, will 
give the best results; such windings are not 
difficult to carry out or to repair, magnetic 
leakage is inconsiderable with proper propor- 
tions, and the magnetising currents are not 


excessive. Machining of the built up cores is 
necessary or not according to the quality of 
the punching machinery-—as a rule it is un- 


Fic. 40. 
22 B.H.P. 2-Phase Motor. 
60 Stator Holes; - 90 Rotor Holes. 


d 


es 


9 B.H.P. 3-Phase Motor. 
36 Stator Holes;' 54 Rotor Holes. 


6 B.H.P. 3-Phase Motor. 
36 Stator Holes;: 48 Rotor Holes. 
| 


DIMENSIONED DFTAILS OF STATOR AND ROTOR 
STAMPINGS FOR STANDARD POLYPHASE IN- 
DUCTION MOTORS. 


(Kolben and Co., Ltd., Prague.) 
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necessary; slight irregularities on the rotor 
cores can frequently be best removed by grind- 
ing, but as the iron losses in the rotors of 
induction motors are insignificant (on account 
of the frequency of the rotor currents being so 
small, namely, equal to the slip), these can 
always have a light cut taken off them, if 
necessary, without affecting the iron losses of 
the motor. 

The cheeks of the stator cores are best 
made of gun metal, as the eddy currents 
which would be produced in them by the 
leakage along the side flanks of the stator 
practically prevent such leakage altogether ; 
plenty of ventilating ducts should be provided 
in these cores, as otherwise the internal 
parts of the stator windings may get very 
hot. Such ducts are not so necessary in 
the rotors, although it generally pays to 
use them. An important feature connected 
with the design of the stator core is its 
arrangement in the cast-iron containing case. 
In well-designed motors the core is always 
supported away from the case, that is to say, 
it is supported by radial ribs cast on the inside 
of the case. In this way not only is the con- 
taining case prevented from forming part of 
the magnetic circuit of the motor (which, if it 
did, would be objectionable, as eddy currents 
would be produced in it), but an effective 
circulation of air can take place right round 
the stator core, which is, of course, of great 
assistance in reducing the heating of the core, 
due to the stator losses. 


(c.) STATOR AND ROTOR WINDINGS. 


The stator and rotor windings of induction 
motors are always drum wound, the use of 
ring windings being out of the question. For 
even if a non-magnetic containing case was 
used for the stator core discs, there would be 
very great magnetic leakage, and apart from 
this, there would be a great deal of idle wire. 
Consequently, the stator windings are cither 
wire wound or bar wound, in a precisely 
similar manner to those of the corresponding 
generators (see Lecture I.), but as it is of the 
greatest importance to have a small winding 
depth and an even pole, such windings are 
always carried out in two, three, or four holes 
or slots per pole per phase; for three-phase 
working the coils are connected up in either 
star or mesh fashion, but generally the former 
method is used for all sizes of motor. The 
st vor coils of ZAree-phkase motors are always 
suttanged (except in some small two-pole motors 
fo. 25 cycles) in such a way that considering 
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one-phase, for instance, all the coils of this 
phase are wound in the same direction, and 
produce magnetic poles of the same sign, poles 
of opposite sign being thus produced between 
them.* The stator winding per phase is thus 


Fic. 41. 


STATOR OF 20 B.H.P. THREE-PHASE MOTOR, 
WITH END-SHIELDS REMOVED. 


“ Electricité et Hydraulique ” Co., Ltd., Charleroi.) 


in principle the same as the field magnet 
winding of generators of the type shown in 
Fig. 4 (Lecture I.), and there are thus two 
coils per phase for a four-pole motor, three for 
a six-pole motor, etc. ; the principal object of 
this is to economise space on the internal 
periphery of the stator, and beyond requiring a 
trifle more copper (owing to the mean length 
of turn being greater) it attains this without 
presenting any disadvantages. Figs. 41 and 
42 well illustrate how stator windings of three- 
phase motors are carried out, and appear, in 
practice. 

Rotor windings are of two kinds, namely 
(1) permanently short-circuited drum windings, 
and (2) coil or wave wound drum windings, 
star connected, with the three free ends brought 
down to three slip rings on the shaft. The first 
sort of winding is not used, in the best practice, 
for motors greater than 5 B.H.P., unless these 
motors are not required to start against load, 
or unless they are to be used for special pur- 
poses, such as for use in a fiery mine, etc., 


® As with three-phase motors wound in this way there will 
be half as many stator coils per phase as there are poles, each 
stator coil of such a motor will consequently be wound in 
four, six, or eight holes or slots, that is, in two, three, or 
four holes or slots per side of each bobbin. 
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where the absence of contacts is an advantage. 
There are several varieties of this winding, the 
most used being that known as the “ squirrel 
cage” winding, which simply consists of a 
a single bar per rotor hole or slot, the ends of 
all the bars being connected together at each 
end of the rotor, by means of thick copper or 
brass rings; these rings are either screwed, 
soldered, or brazed to the bars, the latter 
method being the best. A modification of this 
construction (see Fig. 42) has been made by 
Mr. Kolben, who connects the bars by means of 
radial connectors rivetted to them to central 
hubs of gun-metal keyed to the shaft at each 
end of the rotor ; this construction possesses 
the advantage of permitting the rotor to havea 


me — - 


tage over the squirrel cage rotor, while, in 
some respects, it is inferior to it. 

The characteristics of the pure squirrel cage 
rotor are firstly, that it has no polarity, so 
that the same rotor can be used for any number 
of stator poles, and secondly, that if the motor 
has to start against any considerable load, 
an enormous starting current is taken from the 
mains, as on account of the relatively small 
resistance of the rotor bars and connecting 
rings, there is nothing to limit this except 
the magnetic leakage of the motor, which 
will increase so enormously with the large 
stator current as to greatly weaken the 
rotor field; at the same time, this large 
leakage flux will cause the stator and 


FIG. 42. 


THREE-PHASE MOTOR OF 3 B.H.P. WITH MODIFIED SQUIRREL-CAGE ROTOR, 
(Built by Kolben and Co., Ltd., Prague.) 


resistance suited to the work it has to do. For 
instance, if such a motor was required to give 
a large starting torque (for crane work, for 
example) the radial connectors could be made, 
not of copper, but of brass or gun-metal, 
possessing the necessary resistance for giving 
the large torque required; as we shall see 
later on, a high rotor resistance is neces- 
sary if large starting torques are desired. 
Another variety of such permanently short- 
circuited rotor windings, is that in which 
the rotor is wire wound, in sections, the number 
of these corresponding to the number of stator 
poles, and each section being short-circuited 
upon itself; this type of rotor is not much 
used nowadays, as it does not offer any advan- 


rotor currents to depart so widely from the 
correct phase relation they should have with 
regard to the rctor flux that, in spite of the 
excessive current taken from the mains, the 
torque exerted by the motor at starting is 
relatively very small. Thus, with an ordinary 
squirrel cage rotor the motor will take a start- 
ing current equal to three or four times the full 
load current when starting with full load 
torque; this current is, of course, doubly 
objectionable, firstly on account of its magni- 
tude, and secondly on account of its being so 
much out of phase, which will, as we already 
know, prcduce an excessive pressure drop in 
the generating and transforming plant, and 
also in the line, 
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For the above reason, squirrel cage rotors 
and their modifications must be given up for all 
but small motors (unless for special purposes, 
as already stated) in favour of a construction 
which will allow the starting current to be 
effectively controlled. We get thus to the 
second type of rotor, having a three-phase 
winding, with as many poles per phase as 
there are stator poles per phase. Naturally, 
with such a rotor, it is quite immaterial 
whether it is used with a two-phase or threc- 
phase stator, provided the number of poles is 
the same in each case; the three free ends of 
the winding are taken to three slip rings on the 
shaft (seen, for instance, in Fig. 39), the brushes 
pressing on which are connected at starting to a 
star-connected non-inductive resistance. This 
permits the motor to start with a torque pro- 
portional to the current taken, most standard 
motors taking a current when starting with 
full load torque equal to 1°1 times the full load 
current. Moreover, the power factor at start- 
ing, under these conditions, will be high, it 
being of the order of 60 per cent., so that the 
reaction on the system will not cause any in- 
convenience in a large installation. 

Wound rotors may have either coil or bar 
windings, the latter being as a rule preferable ; 
in either case, as soon as the rotor has run 
up to normal specd, the starting resistance is 
short-circuited, and, in the most modern con- 
structions, the brushes lifted off the rings, and 
the latter simultaneously short-circuited by 
means of a clutch. In this way all wear on 
the rings of the motor during running is pre- 
vented, together with the C? R and friction loss 
which would otherwise take place on account 
of the rubbing contacts; the former loss with 
large motors would not be negligable on 
account of the large rotor currents and the 
unavoidable brush contact resistance, and it 
is, therefore, as well to do away with it in the 
manner indicated. 

At starting, the pressure between any two 
slip rings is determined by the impressed pres- 
sure and by the relative number of turns on the 
stator and rotor as in a transformer ; this pres- 
sure decreases to zero as the motor runs up to 
speed. Particularly for high pressure motors, 
therefore, it is advisable to have a high “ trans- 
formation ratio,” that is to say, to use bar 
windings on the rotor, although these wind- 
ings cost a little more than wire wound coils 
would do. Moreover, on account of the heavier 
rotor current, the brush gear may cost a little 
more, and the starting resistance will cost 
more. The latter is frequently immersed in 


oil in order to reduce its size by getting rid of 
the heat developed during starting. 

Star-connected rotor bar windings have 
usually one or two bars per slot and are unsym- 
metrical, necessitating the use of ‘‘ false con- 
nections.” The common junction of the wind- 
ing is frequently made on the rotor spider. 

To sum up, we may say that the whole 
design of a successful induction motor must 
be such as to reduce magnetic leakage to 
a minimum, for if this point is not at- 
tended to an indifferent motor, having a 
low power-factor at all loads and a small 
starting torque (for a given current consump- 
tion) and small overload capacity will re- 
sult. To this end, the breadth of the cores 
will be kept small, the air-gap will be made as 
small as it can safely be made from the me- 
chanical point of view, the winding depths will 
be kept down (that is the depth of the slots will 
be small), drum windings will be used, and the 
stator and rotor teeth will be worked at a fairly 
high flux-density. Further, the pole-pitch will 
be made as great as possible, or, in other 
words, the number of stator poles for a given 
diameter will be as small as possible, in order 
to increase the length of the leakage paths 
from pole to pole; this implies either a low 
frequency or a high speed, and thus motors 
operating at definite frequencies, such as 40, 
50, or 60 cycles must be run at as great a speed 
as is practicable. 

The Table given below is quite typical of the 
performance of the very best modern induction 
motors, two and three-phase, built to run on 
circuits of 40 or 50 cycles; in addition to the 
technical data, the net weights of the motors 
(without accessories) are given. It will be 
observed that the latter, and the _ efficien- 
cies, compare very favourably indeed with 
the corresponding figures for the best 
direct current motors running at the same 
speeds, while from the point of view of 
mechanical construction, the induction motors 
are naturally better. With regard to the start- 
ing torques, the motors scheduled, if with 
wound rotors and slip-rings, start with full 
load torque, taking a little more than full load 
current, or with greater torques, taking a pro- 
portionate increase of currrent; those having 
permanently short-circuited rotors will also 
start with full load torque, if desired, but 
under these circumstances the current con- 
sumption will be equal to about three times the 
full load current. This is in general far too 
great a value, as already explained, and, con- 
sequently, except for the smallest motors, such 
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only get over this, as already indicated, by 


inserting resistance strips in the connections 


| YANI Ba | 
MENETE 


This will, as a rule, not 


O04 05 OG 07 O8 
matter, as small motors having to exert very 
large starting torques (say three or four times 


3 
Brake Horse Power 
the starting torque. 


4 B.H.P. KOLBEN THREE-PHASE MOTOR, WITH 
large starting torque.) 


CAST STEEL ROTOR. 
will increase the slip at full load, and bring 


of the rotor bars (Fig. 42), which, however, 
the normal torque at full load) are generally 


rotor windings at starting, which would serve to 
diminish the starting current, and at the same 


tive resistance which can be inserted into the 


STATING AND RUNNING TEST CURVES OF A 
(Specially designed for intermittent work requiring a 


time increase 
down the efficiency. 
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required for intermittent work (such as for 
operating cranes, hoists, etc.) for which a low 
efficiency and large slip at full load, will not 
greatly matter. For the smallest motors (not 
exceeding one horse-power) which are required 
for such work, the use of a laminated rotor with 
short-circuited bars is unnecessary; the rotor 
can simply consist of a cast steel cylinder 
without any copper or connections on it at all. 
The complete test curves of such a three-phase 
motor rated at o's B.H.P., 500 volts, 25 cycles, 
750 revolutions (at no load) are given in Fig. 43, 
and are of considerable interest. The first set 


efficiency and power-factor at full load are 
low compared with the standard motor (com- 
pare the figures given in the Table for the 
corresponding motor), yet the motor can easily 
exert at starting a torque nearly equal to five 
times the running torque, when supplied with 
current at 500 volts per phase ; this current is 
about equal to 2'1 times the full load running 
current, which is an excellent performance. 
Before leaving the subject of the Table 
illustrating the performance of well-designed 
induction motors, we may note how the effe 
ciency of the motors gradually increases with 


FIG. 44. 
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of curves show the relation between the terminal 
pressure, and (a) the starting torque in kilo- 
gram - centimetres, the rotor being rigidly 
clamped ; (4) the stator current, the rotor being 
rigidly clamped ; (c) the power-factor, the rotor 
being rigidly clamped ; (ď) the stator current, 
with the motor running light; and, finally, (e) 


the stator input, with the motor running light. | 


_ The second set of curves illustrate the 
running performance of the motor, and show 
the relation between the output, and (f) the 
power-factor, (g) the efficiency, and (4) the 
slip. 
It will be scen that although the values for 


the size, owing to the relatively smaller no-load 
losses, and also how the power-factor increases 
with the size. This is because of the relatively 
much smaller magnetic leakage as the size of 
the motor increases, for the pole-pitches 
continue to increase owing to the increase 
of rotor diameter compared with the increase 
in the number of stator poles. It will be noted 
too, that for those motors which are built in 
two styles, namely, with a permanently short- 
circuited rotor and with a wound rotor and 
slip-rings, the value of the power factor is 
somewhat greater in the former case, although 
of course the stator windings remain the same 
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in both cases. This is because in a squirrel 
cage rotor the current in the bars of the rotor 
can follow the configuration of the rotor flux, 
because all the bars are short-circuited to- 
gether at their ends; with a rotor whose 
windings are all in series, the free ends alone 
being short circuited (at the slip rings) the 
current is the same in all the bars (of a given 
phase), that is, its value does not vary in the 
different bars strictly in accordance with the 
flux distribution, as it does in the bars of the 
squirrel cage rotor. 

We can conclude this part of the lecture by 
giving some details of a large induction motor 
of modern design; by the courtesy of the 
Oerlikon Company, I am enabled to give the 
complete particulars relative to the design and 
performance of an exceedingly interesting 
motor they have recently built for direct coup- 
ling to a three-throw mining pump. The pump 
and motor are at work 1,000 feet underground 
in a colliery near Dortmund, Germany ; the 
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motor is of the three-phase type, rated at 
600 B.H.P. (the working load is 570 B.H.P.) 
at 1,900 volts at the terminals, and 22°5 cycles, 
the (no load) speed being only 75 revolutions 
per minute. 

Some details of construction of the stator and 
rotor, together with the principal dimensions, 
are given in Fig. 44, while the test curves 
illustrating the running performance of the 
motor are given in Fig. 45. The stator case is 
carried on spider frames which are mounted on 
trunnions cast on the bearings, in a similar 
manner to the armature frame of the Brown 
generator, illustrated in Fig. 15 (Lecture I.) ; 
the rotor is wound with a star-connected un- 
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insulated winding, there being the equivalent 
of one bar per slot. The three free ends of 
this winding are taken to three slip - rings 
on the shaft, which can be short-circuited 
by means of a clutch, (actuated by a hand- 
wheel through screw gear) and the brushes 
lifted off the rings, as soon as the motor has 
attained full speed. The technical data given 
below, used in conjunction with Figs. 44 
and 45 will enable the design to be worked 
through. 


Stator— 
Number of holes.......... er 324 
Dimensions of holes .....06... (50 % 16) ™/m 
No. of holes per pole per phase . 3 
Eight, each con- 
No. of conductors per hole .... { sisting of 3 wires 
| in parallel, 
Diameter of wire, bare .. oe 3°8 m/m 
” 99 ve insulated +s 4°4 m/m 
Stator core flux per pole .. 5'3 X 108 
Rotor— 
Number of holes....cesssecees 432 
Dimensions of holes ........06 (32°5 X 13) m/m 
No. of holes per pole per phase . 4 


One, consisting 
No. of conductors per hole .... of 19 wires in 
parallel. 


Diameter of (uninsulated) wire,. 36 m/m 


The relatively low values of the power-factor 
(see Fig. 45) are of course due to the exceed- 
ingly slow speed, and, therefore, large number 
of poles and relatively short pole-pitch. 


(To be continued.) 


Miscellaneous. 
———— 


OUTPUT OF COAL FROM THE SCOTTISH 
COALFIELDS.* 


During the last few years there has been a growing 
feeling of uneasiness regarding the duration of our 
coal supply, and there is at present a movement in 
favour of a further inquiry as tə the extent of the coal 
resources of Great Britain. 

The following considerations regarding the Scottish 
coalfield are in most cases applicable to the whole of 
Great Britain. 

The output of coal in Great Britain in the year 
1660 was about 2,000,000 tons per annum, and of 
that quantity Scotland probably produced about 
250,000 tons. Since then there has been a steady 


© Abstract of a paper read before Section F, at the British 
Association, Glasgow, by Robert W. Dron, A.M. Inst. C.E. 
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progression, until now the Scottish output amounts 
to 31,142,612 tons per annum. The total quantity of 
coal which has been worked in Scotland up to the 
present date may be estimated at 1,600 million tons, 
and the quantity still to work at about 10,000 million 
tons. 

During the last 400 years there have been many 
alarms regarding the approaching exhaustion of the 
coalfields, with the result that at various periods laws 
have been passed either totally prohibiting the ex- 
portation of coal or placing a heavy tax on any coal 
exported. 

In recent years the proportion of the output which 
is exported has increased enormously. In 1861, the 
proportion of the output exported was only 6'4 per 
cent., whereas last year it amounted to over 20 per 
cent. In 1861, the home consumption per head of 
the population was about three tons per annum, 
whereas it is now over five tons per head of the popu- 
lation. Most of the Scottish coal exports go to the 
continent of Europe, and about 25 per cent. of the 
whole export goes to Germany. 

If the export and home consumption are to continue 
increasing at the present rate, then by the end of this 
century the Scottish output will be 60 million tons 
per annum, and the 10,000 million tons we have 
available will be exhausted in about 180 years. If 
all the coalfields were producing coal in the same 
proportion to their area as in Lanarkshire, the out- 
put of Scotland would be 60,000,000 tons per annum. 
Such an output will never be required, because 
methods will be found to use the coal mnch more 
economically than at present, so that one ton of coal 
will do the work for which two tons are now required, 
and in that way the duration of the coalfields will be 
prolonged indefinitely. A great deal of coal is being 
wasted in the working ; and in shafts and bores many 
thin seams are being passed through of which no 
national record is kept. There should be a Govem- 
ment department for the inspection of systems of 
working and for the preservation of exact records of 
all shafts and bores. 

More than one-half of the Scottish output comes 
from the Lanarkshire coalfield, and at the present 
rate all the coals in that county will be exhausted in 
forty years; but within twelve or fifteen years all the 
thick and casily-wrought seams of the Clyde basin 
will be worked out. This is not such a serious matter 
for the population of Glasgow and the west of Scot- 
land as at first sight it might appear. The royalties 
payable on these coals are from 9d. to Is. 6d. per ton 
higher than are payable on similar coals in the out- 
lying districts. .As the Lanarkshire coals become 
exhausted, less money will be paid to the landlords 
and more to the railway companies, but the net result 
will not be any very serious increase in the cost of 
fuel. 

The royalties at present being paid in Scotland vary 
from 24d. to 2s. per ton, or on a sliding scale from 
1-14th to 1-6th of the selling price. From the report 
of the Royal Commission on Mining Royalties, it 


appears that the average royalty payable in Scotland 
in 1891 was 6°54d. per ton. 

The average profit earned by the coalmasters under 
normal conditions is 8d. per ton. 

Coal-cutting machines have been in use in Scotland 
for over thirty years, and last year 529,791 tons were 
produced by that method. It is not ignorance or 
prejudice which prevents the more extensive use of 
these labour-saving appliances, but the physical con- 
ditions under which most of the seams are now being 
worked. In practically every case where coal-cutting 
machinery can be used to advantage it has been 
adopted ; but in the future it may come to be more 
largely used when thinner seams are opened up. 

The annual output per man employed is 360 tons. 
In U.S. America, it amounts to 400 tons, but in 
Germany it is only 270 tons per man. 

The greatest depth from which coal is being worked 
in Scotland is 2,760 feet below the surface. 


METAL WORKERS’ SCHOOL IN SAXONY, 


An exhibition of the work done by pupils of the 
Metal Workers’ School at Rosswein has recently 
been held at Freiburg, which showed the thorough- 
ness of the instruction given. The school has an 
average of sixty to seventy students, and the pupils 
are chiefly from Prussia and Saxony, but all sections 
of Germany are represented, and even Austria and 
Sweden. One of the conditions of admission is that 
the pupil shall have had three years’ practical experi- 
ence. Many of the States of Germany are liberally 
aiding the school, and granting free scholarships to 
deserving young men. The school is provided with 
a technical library, reading and reference room, and 
has a large supply of scientific apparatus, electro- 
motors, batteries, &c., and many practical models of 
buildings, machines, &c. Excursions are frequently 
made by the pupils to the large factories and mines 
of importance in the neighbourhood. The course at 
the school lasts from eighteen months to two years, 
and embraces four departments—building, fine arts, 
machines, and electro-technics. A great deal of 
attention is given to drawing. The student is 
taught to create, and in order to stimulate the 
inventive faculties the German Patent Office 
supplies the institution free of charge with copies 
of patents pertaining to mechanical, metal, and 
electrical apparatus. In addition to the special 
branches in metal work, &c., attention is also given 
to physics, chemistry, algebra, geometry, book- 
keeping, and German language lessons. The tuition 
fee for the half year is 100 marks (£5) for citizens of 
the German Empire, and 200 marks (£10) for 
foreigners, and an additional fee of 25 marks (£1-5s.) 
for German, and 50 marks (£2 Ios.) for foreigners 
for the use of apparatus, machines, and material. 
The city of Rosswein has about 8,000 inbabitants, 
and is situated on the main railway line between 
Leipzig and Dresden. 
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Notices. 
a 
APPLIED ART SECTION. 


A meeting of the Committee of the Applied 
Art Section was held on Tuesday afternoon, 
29th October. Present: Sir John Evans, 
K.C.B., F.R.S., in the chair; Lewis F. Day, 
John Hungerford Pollen, Sir Walter S. Pri- 
deaux, H. H. Statham, Carmichael Thomas, 
Sir Thomas Wardle, with Sir Henry Trueman 
Wood (Secretary to the Society), and Henry B. 
Wheatley (Secretary to the Section). The 
arrangements for the Session were considered. 


Proceedings of the Society. 
_—_.———_—_—. 
HOWARD LECTURES. 
POLYPHASE ELECTRIC WORKING. 
By A. C. EBORALL, M.I.E.E. 


Lecture 1V. (concluded ).—Delivercd May 
17¢h, 1901. 

Having now briefly considered the principal 
features connected with the construction of 
induction motors and noted the figures relative 
to their running performance, we will pass on 
to the discussion of the practical theory of this 
class of polyphase machines. 

Fig. 46 (a and 34), p. 834, gives an idea of 
the magnetic condition of a loaded induction 
motor; the left-hand figure represents dia- 
grammatically a four-pole motor with squirrel 
cage rotor, while the right-hand figure repre- 
sents the transformer analogy. The stator 
coils, supplied with three-phase current at 
constant pressure, provide a resultant flux 
which would be constant at all loads if there 
was no copper drop in the windings, and which 
is approximately constant in actual motors, as 
this copper drop is of course small; this stator 
flux corresponds to the main working flux “N ”'of 


a transformer (Lecture III.) and we will denote 
it by Ns. Now, as already mentioned at the 
beginning of this lecture, the greater part of 
this flux gets across the air-gap and cuts the 
rotor conductors; let this rotor flux (which is 
the working flux of the motor and propor- 
tional to the magnetising current of the motor) 
be denoted by Ng. The remaining (small) 
portion of the stator flux does not cut the rotor 
bars, or get into the body of the rotor, but 
leaks along the bottom of the stator teeth, 
along the air-gap, and along the top of the 
rotor teeth, back into the stator, and constitutes 
the leakage flux of the motor, which can be 
denoted by z. 

We will now consider what determines the 
magnitude of these three fluxes and their 
phases ; for this purpose it is convenient and 
permissible at this stage to assume that there 
are no losses in the motor, that the waves of 
E.M.F., current, and magnetic flux vary in 
accordance with a sine law, and that the 
fluxes are proportional to the ampere- 
turns producing them—afterwards we shall 
refer to these assumptions again. Let 
(Fig. 47, p. 834) the line OE represent 
the phase of the pressure impressed on 
the stator terminals; as we assume that 
there is no copper drop in the stator coils, this 
line also represents the phase of the back 
E.M.F. of the motor, E. In quadrature with 
this pressure will be the stator flux, Ns, which 
we therefore represent in magnitude and phase 
by the line OA; let the phase of the stator 
current at this particular load be represented 
by the line OCs, which gives us, therefore, 
the angle 9 as the lag of stator current behind 
the terminal pressure. Now we have seen above 
that the flux in the stator core, Ns, has two 
components, namely, the rotor flux Nr, and 
the leakage flux z, and clearly as Ns is con- 
stant (at constant terminal pressure) the vector 
sum of the two components, which is equal to 
Ns is also constant, or 

Ns = Nr + z = constant, 
the vector sum, not the arithmetical sum, being 
hereby understood. 

Now the phase of the leakage flux is clearly 
that of the stator current, to which it is also 
proportional, because it is the magnetising 
force of the stator ampere-turns that drives the 
leakage flux, z, through the leakage paths of 
the motor. Consequently, if we know the value 
of this leakage flux we can represent it in 
magnitude and phase in the diagram by all 
such lines as OB, and thus the line OB re- 
presents the stator current, Cs, to another scale. 
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Clearly, therefore, we get the magnitude and 
phase of the other component of the stator flux 
by the line A B, which line thus represents the 
magnitude and phase of the rotor flux, Nr. 

As we are taking complete account of 
the leakage flux of the motor by means 
of the; line OB, we can consider the rotor 
as being free from magnetic leakage, that 


FIG. 


to the rotor flux, Nr, and to the slip of the 
the motor, S; as it is also in quadrature with 
the rotor flux, it can be represented in the 
diagram by the line Oer in phase. In accord- 
ance with what has been said above, the phase 
of the rotor current required by the load, is 
also given by the position of this line, and its 
magnitude can therefore be represented by 


46, 


DIAGRAMMATIC REPRESENTATION 


OF THE MAGNETIC CONDITION OF A LOADED THREE-PHASE 


INDUCTION MOTOR, with the Analogous Transformer Case. 


is, we may consider the rotor windings 
as being quite non-inductive; they are really 
the seat of a small inductive E.M.F., due 
to part of the leakage flux, #, cutting the 
rotor conductors, but as this leakage flux is 
already defined in magnitude and phase in the 


FIG. 47. 


GENERAL DIAGRAM OF THE POLYPHASE INDUC- 
TION MOTOR FOR A GIVEN Loap. (Losses 
Neglected.) 


diagram, by the line OB, the rotor windings 
must be considered as being inductionless, 
and the rotor currents required for the load as 
being in phase with the E.M.F. producing 
them. Let the induced rotor E.M.F. be de- 
noted by ef —as we know, it is proportional 


the line BD to the same scale as the vector 
OB represents the stator current. 

By drawing from the point O a line O D, 
at such an angle to O B, that the angle O D B 
is go’, that is to say, by drawing the line O D, 
parallel to the vector of the rotor flux, A B, we 
can fix the magnetising current of the motor at 
this load; it is represented by the line O D in 
magnitude and phase. The magnitude and 
phase of this line O D, representing the magnet- 
ising current, could have been determined from 
another consideration. As in a transformer 
(without iron losses) the magnetising current is 
the resultant of the primary and secondary 
currents (Lecture III., Fig. 304), or in other 
words, as it is given by their vector difference, 
we know, for any load on the motor, that the 
magnetising current will be the resultant of 
the stator and rotor currents. Thus in the 
diagram, as the line OB represents the 
former in magnitude and phase, and as the 
magnitude and phase of the rotor current is 
given by the line BD, the line O D must re- 
present the magnetising current, the angle at 
D being go° on account of the rotor E.M.F. 
being in phase with the rotor current, as 
already explained. Moreover, it will be seen 
that the angle at D must always be go°, no 
matter what the load on the motor, because the 
rotor flux A B, which is proportional to the 
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magnetising current, must of course be in 
phase with the latter, that is, the line OD is 
always parallel to the line A B. 


We have now obtained the general diagram 


of the induction motor (Fig. 47), in which the 
phases and magnitudes of the electrical and 
magnetic quantities have been completely 
defined. We will now find the law of the 
diagram, in the way first given by Mr. 
Alexander Heyland, and we will then make 
use of Mr. Heyland’s theory to express 
in the diagram all the electrical and me- 
chanical properties of the induction motor. 
I shall give, in fact, a diagram which shows at 
a glance the performance of the motor under 
different working conditions, and which tells 
us exactly how the motor should be designed 
in order to meet various conditions of service ; 
the complete Heyland diagram for the induc- 
tion motor (Fig. 49) is one of the most useful 
and elegant vector diagrams used by designers 
of alternating current machinery at the present 
time. 

We know that the rotor flux Nr is directly 
proportional to the magnetising current of the 
motor Cm, and inversely proportional to the 
reluctance of the magnetic circuit of the motor 
R. Hence, referring again to the general 
diagram of the motor given in Fig. 47, we have 


Nr P= line A B. 

As A B is perpendicular to B D representing 
the rotor current Cr, and parallel to the 
magnetising current Cm represented by the 
vector OD, the ratio A B:OD must be 
constant, and it will be given by 


AB:0D::£™:Cm o oa 
R 

This ratio is constant at all loads, and there- 
fore, in order that the diagram may hold good 
for varying loads on the motor, it is clear 
(seeing that the angles ABD and ODB are 
right angles) that the points B and D must 
move along the circumferences of semi-circles, 
as shown in Fig. 48a, when the load on the 
motor is varied. 

Clearly, there are two limiting conditions 
for this diagram, namely, when the stator 
current has its maximum and minimum values. 
The diagram tells us at once that even in a 
motor without losses the values of the motor 
currents are limited—that is, even when the 
resistances are zero, the stator and rotor 
currents cannot exceed certain definite values, 
dependent upon the magnetic leakage of the 
motor. For the maximum valuc of the stator 


current will occur when the point B arrives at 
A, corresponding to the state of affairs at 
which the motor is pulled up by a great over- 
load, the pressure at the stator terminals having 
still its normal value. Under these con- 
ditions, the rotor flux A B becomes zero, and 
the leakage flux becomes equal to the stator 
flux, or 


Ns = n 
Cs OA 
Ns << rar 


because under these circumstances the vector 
of stator current, OB, falls upon, and is 
equal to, the vector OA. The symhol r 


Fic. 48 (a and b). 


A | F 
(B) | (B) 

ELEMENTARY HEYLAND DIAGRAM FOR A THREE- 
PHASE INDUCTION MOTOR, AND THE DIAGRAM 
FOR THE Two LIMITING CONDITIONS. (Losses 
Neglected.) 


is here used to denote the reluctance of the 
leakage path, and it will be remembered that 
the leakage flux of the motor is produced by 
the stator ampere-turns acting upon this path. 

The minimum value of the stator current 
occurs when the motor is running light, 
Under these circumstances, it is clear that 
the stator current is simply the magnetising 
current of the motor, for the rotor current is 
then zero. There is no magnetic leakage 
(n = O), and the stator flux is nearly equal 
to the rotor flux—we have, in fact, 


| Cm Cs OF | 
Nese ye R or Ns & R. 
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Now in both the limiting cases the stator flux . 
Ns 1s constant for constant impressed pres- 
sure, so that we have 
Maximum value of stator current OA r 
Minimum value of stator current 


The form of the diagram for the two limiting 
cases is as shown in Fig. 484; the law of the 
diagram is given by the above ratio, namely, 
Line OA _ Reluctance of leakage path. 
Line OF ` Reluctance of main magnetic circuit. 


By means of this ratio (the reciprocal of which, 
as it determines the magnetic leakage of the 
motor, is often called the leakage factor, and 
denoted by the symbol v), we can construct, 
then, a diagram which gives us the magnitude 
and phase of all the electrical quantities. Of 
the two reluctances, that of the main magnetic 
circuit is not difficult to calculate; that of the 
leakage path is difficult, but not impossible, to 
calculate, with the help of simple empirical 
constants. But it may be noted here that two 
very simple measurements on the finished 
motor enable the diagram to be drawn out at 
once. For, still keeping to our assumptions 
regarding no losses, etc., if we measure the 
current (Cm) taken by the motor when running 
light, and also the current (C's) taken by the 
motor when it is prevented (mechanically) 
from starting, the impressed pressure (E) 
being the same in cach case, and having its 
normal value, the ratio of these two currents is 
that of the two reluctances, or 


Cm 

So that after a number of motors had been 
built and tried in this way, a good idea would be 
obtained of the constant of the diagram, which 
would serve as a check upon the reluctance 
calculations for other motors having the same 
magnetic constants. In this way, the diagram 
could be used for pre-determining the perform- 
ance of a motor (regarding the electrical 
quantities, etc.) from the drawings—this point 
will be referred to later on, however. 

Before leaving the diagram of the motor 
without losses (Fig. 48), in order to discuss the 
practical case, we may note that (1) the power 
factor of the motor is a maximum for one 
particular load, that is, when the line OB is a 
tangent to the semi-circle A B F, and (2) that 
the value of the power-factor for all loads is 
determined by the relative values of A F and 
OF. That is to say, if high power-factors are 
required, the magnetising current and the 


magnetic leakage of the motor must be as 
small as possible. 


All that has been said above, applies only to 
the perfect motor (designed on standard lines) 
operating under the conditions of sinusoidal 
waves of E.M.F., current, and magnetic flux, 
the latter being assumed to be strictly propor- 
tional to the ampere-turns of excitation to 
which it is due. We will now consider the 
practical case, taking into account all the 
losses of the motor, and we will also indicate 
how the diagram can be used to show all the 
mechanical quantities of the motor, so that 
the manner of working and all the properties 
of the motor can be seen from an inspection 
of the diagram. 

The assumption that the waves of pressure, 
current, and magnetic flux follow a sine law is 
nearly correct for modern induction motors, 
especially for three-phase motors, and in any 
case but a slight error will be introduced by 
small departures from this law on the part of 
the three quantities in question. Again, with 
standard induction motors (except in some 
special crane and railway motors) the iron is 
always worked well below the knee of the 
magnetization curve, and consequently no 
sensible error will be introduced by con- 
sidering the magnetic flux as being propor- 
tional to the current producing it. So that 
we shall adhere to these assumptions, modern 
practice showing them to be permissible in 
most cases. 

For a commercial motor then, we base 
the construction of the diagram upon the 
following considerations. The motor has a 
certain total loss, which is made up of (a) 
the iron and mechanical losses, and (č) the 
copper losses. The losses (a) consist of (1) 
the hysteresis and eddy current losses, and (2) 
the friction and ventilation losses, and may be 
considered as being constant at constant im- 
pressed (terminal) pressure and frequency. 
For with regard to the former, it must be 
remembered that at no load there are no rotor 
iron losses (because the slip is practically zero), 
and therefore these losses are confined to the 
stator; at full load the stator losses diminish a 
little on account of the copper drop in its wind- 
ings, but on the other hand, a small iron loss 
arises in the rotor, because of the greater slip 
and frequency of the rotor currents. So that 
the sum of the two iron losses is very approxi- 
mately constant at all loads. Again, with 
regard to the losses (2), as the speed of the 
motor is practically constant, the ventilation 
loss will diminish but very little from no load 
to full load, while on the other hand, the friction 
loss may (with a belted motor) increase a 
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little from no load to full load. So that the 
sum of the two mechanical losses is also very 
nearly constant at all loads. 
consider the iron and mechanical losses as 
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Thus we may ` 


being the same at no load as at full load, and | 


we shall refer to them hereafter, when added 
to the small copper loss they cause in the 
windings of the motor, simply as the ‘‘no 
load ” losses. 

The copper losses (4) in both stator and 
rotor vary with the square of the respective 
currents, and they can be considered best (for 
our present purpose) from the point of view of 


FIG. 


—S 
—_— -e «ane 


q 
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of the copper drop in the stator windings. The 
drop in the rotor windings simply causes a 
reduction in the output of the motor, and is 
thus easıly taken into account. 

Bearing these points in mind, we will now 
construct the diagram for a commercial motor 
having, say, star-connected windings. In 
Fig. 49, let the dotted semi-circle A B F, 
together with the lines O A, OF, and O E be 
as before ; we will suppose that the lines O A 
and O F have been drawn to an ampere-scale, 
that is to say, as if they were obtained by 
means of a direct measurement, as already 


49. 


COMPLETF HEYLAND DIAGRAM FOR THE POLYPHASE INDUCTION MOTOR, Illustrating the Magnitude 


and Phase of the various Electrical, Magnetic, and Mechanical Quantities. 


the pressure drop these currents produce in 
the two windings. The resistance of the 
stator winding causes a pressure drop in it 
which is of course proportional to the stator 
current—that is, to the load. This pressure 
drop causes a diminution of the stator flux, 
just as with an ordinary transformer, for the 
stator flux has now to induce a back E.M.F. 
not equal to the terminal pressure (E), but 
approximately equal to (E-e) volts, where e 
is the pressure drop for the current in question. 
Thus the rotor flux will also diminish to a 
similar extent, and the diminution of this flux, 
and therefore also of the torque which the 
motor can exert, will depend upon the amount 


Losses taken into Account. 


described. Under these circumstances, all 
such lines as O B would represent the magni- 
tude of the stator current at difterent loads 
directly to scale, the phase of this current 
relative to the terminal pressure being at the 
same time given by the angle 9. Moreover, 
all such lines as F B would be directly pro- 
portional to the rotor currents for the loads in 
question. For the sake of clearness we will 
correct the diagram for the losses in the actual 
motor as we consider the various quantities. 


1. THE INPUT OF THE MOTOR. 


The apparent watts absorbed are 1°73 X E 
x Cs the latter being given directly by the 
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length of the line, OB; the true watts ab- 
sorbed are 1'73 X E X Cs X cos ọ. As the 
terminal pressure is constant, the line BG, 
(Fig. 49) gives the energy component of the 
current (Cs X cos 9) to scale directly. Hence 
the imput of the motor at any load is propor- 
portional to the length of all such lines as B G. 


2. THE TORQUE OF THE MOTOR. 


As we have already seen, this is proportional 
to the product of the rotor flux, Nx, and the 


rotor current, Cg. Thus, if there was no copper 


drop in the stator affecting the former, the 
torque would be proportional to the length of 
the line A B, multiplied by the length of the 
line BF. But as we have seen, the stator 
drop, due to ohmic resistance, diminishes the 
rotor flux by an amount depending upon the 
drop. Mark off, therefore, along the line BA, 
a piece BH, representing the copper drop in 
the stator winding to scale; this piece BH, 
will also have the correct phase, namely that 
of the rotor flux, for the following reason. The 
stator current O B, has two components, OF 
and FB; the former is constant, and the 
copper loss caused by it in the stator wind- 
ings need not be taken into account here, as it 
will be included eventually in the no load losses 
of the motor, a correction for which will be made 
in the diagram later on; the component F B 
varies with the load on the motor, and produces 
a pressure drop in the stator windings which 
weakens the original stator flux O A, and the 
corresponding rotor flux AB. The weakening 
of the former may be neglected, as we do 
not require to know its exact value, while 
the weakening of the rotor flux AB, may 
be taken into account by subtracting from it a 
small piece eguivalent to the pressure drop. 
That is to say, the pressure drop due to the 
load component of the stator current F B, is 
equivalent to a small magnetic flux in quadra- 
ture with it, for any E.M.F. can be expressed 
in terms of a magnetic flux in quadrature posi- 
tion to it. In this case, as the pressure drop 
caused by the current F B, is of course in 
phase with it (as it is the pressure driving 
the current F B through the windings of the 
stator), the quadrature position is clearly along 
the line B A—hence we mark off the piece, 
BH, representing it to scale. For any other 
load on the motor, the small flux equivalent to 
the pressure drop will be given by the length of 
the corresponding piece, along all such vectors 
as AB, included between the dotted circle, 
A BF, and the first full circle, A H F—that is, 
having found the value of BH for any load, 


height. 


by drawing a semi-circle through the point H 


so found, and through the points A and F 
(the centre being along the line J g) we have 
its value for all other loads.* 

The actual rotor flux is hence proportional 
to all such lines as A H, and the torque of the 
motor is therefore proportional to the products 
of the lengths A H and B F, in other words 
to the area of the triangle A H F, which has 
the line A H for base, and the line B F for 
As, however, the side A F of this 
triangle remains the same for all loads, the 
area is proportional to the length of the line 
H J, which is therefore proportional to the 
torque of the motor. 

But this is the total torque, corresponding to 
the stator current O B, and not the effective 
torque, that is, the torque available on the 
shaft for doing useful work. For a part of the 
total torque is required to make up the no-load 
losses—that is, the losses due to friction, 
ventilation, hysteresis, and eddy currents, 
and the loss due to the windings being 
traversed by the no-load current. Now only 
in a motor without losses will the no-load 
current be equal to the magnetising current— 
that is, equal to the vector OF. Inthe com- 
mercial motor the no-load current will be 
greater than this, as in a transformer; it will 
be in fact the resultant of the magnetising 
current O F, and of the no-load energy current, 
which we may represent in the diagram in 
magnitude and phase by the vector F K in 
quadrature with the magnetising current, and 
in phase with the energy component of the 
load current BG. As these no load losses, 
represented by the energy current F K, are con- 
stant (as we have already seen), the torque of 
the motor must be sufficient to make up for 
them in addition to driving the load; clearly 
therefore, for every load a piece equal to FK 
must be subtracted from the total torque, in 
order to get the effective torque. Draw then a 
line a ò through K, and parallel to the line O A 
—all such lines as H L are therefore propor- 
tional to the effective torque of the motor. 

With good commercial motors the vector OK 
is practically equal to the vector OF; the former 
valu2 is of course that read on an ampere- 
meter when the motor is running light at normal 
supply pressure and frequency. Under these 
circumstances the power-factor of the motor is 


° It may be remarked here that this method of taking into 
account the ohmic drop of pressure in the stator, while being 
accurate enough for practical purposes, is not quite accurate. 
Strictly speaking, a// the lines of the diagram (that is to say, 
the whole diagram) should be reduced by an amount pro- 
portional to the decreas? of effective pressure. 
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given by cos 2”, and this will consequently 
always be small at no load; at load, part of 
the energy component of the stator current, 
namely, the piece BM, is required for the 
external work, and the remainder, namely, the 
piece MG, goes to make up (in conjunction 
with the terminal pressure) the no-load losses. 


3. THE OUTPUT OF THE MOTOR. 


This follows immediately from the torque 
and the speed; as the specd of the motor is 
practically constant at all loads, we could say 
that the output is proportional to the length of 
all such lines as H L, if it was not for the fact 
that the loss in the rotor due to its resistance 
has to be taken into account. This loss must 
be subtracted from the total power delivered to 
the rotor in order that the output of the motor 
may be obtained, and the best way of doing 
this in the diagram is to consider the rotor loss 
in exactly the same manner as the stator 
copper loss has been considered. Tha: is to 
say, the drop of pressure in the rotor windings, 
which is proportional to the rotor loss, has 
to be represented by an equivalent magnetic 
flux in quadrature position thereof, namely, 
along the lineHA. If we mark off therefore 
from the point H a piece H N proportional to 
this flux, and actually given in magnitude by 
the product of rotor current and rotor resist- 
ance, all such lines as N P (perpendicular to 
a) are proportional to the output of the 
motor. 


4. THE SLIP OF THE MOTOR. 

As we have already seen in the first part of 
this lecture, the slip is directly proportional to 
the rotor current, and inversely proportional 
to the rotor flux. The former is represented 
by the vector F B, and the latter by the 
vector H A, and consequently we have 


F 
Slip œ = 


On the diagram draw any line cd, making 
the angle AQR equal to the angle A HF, 
which is of constant value ; then we have 

2E ee 

HA QA 
In this expression, the vector QA is constant, 
and consequently 


F 
— a OR 


or Slipæ QR. 

We can easily fix the absolute value of the 
slip as follows. We know that when the motor 
is overloaded to such an extent that it stops, 
the slip is 100 per cant.; moreover, under 


these conditions the output (although not the 
torque) of the motor is zero, which means that 
the point N must fall on the diameter AF. 
This condition is realised when the line O B 
takes up such a position on the semi-circle 
A BF, for instance, O B’, that the line BA isa 
tangent to the ‘‘output’’ semi-circle A N F— 
in other words, when the angle B'A fis a right 
angle. Draw now from the point B’ the line 
B'S parallel to the line cd; then the piece 
V T is proportional to the piece Q R, which has 
already been seen to be proportional to the 
slip at the load N P, and the absolute value of 
this piece V T is at once given in terms of the 
piece B'T, which is 100 per cent. Thus we 
have, for instance, at a motor output represented 
by the line N P, 


Slip ees x 100 ) per cent., 


or generally, for any load 
Percentage slip o V T. 


In constructing an actual diagram, a short 
cut may be taken to get the slip line B’T. 
Having obtained the point B’, (corresponding 
to the load at which the motor pulls up, the 
terminal pressure having its normal value), we 
draw from B'a line B'S, perpendicular to the 
line Af’, which is the radius of the circle 
AHF, getting in this way the actual slip, 
VT, as before. For the geometrical pro- 
perties of the diagram indicate that if the line 
B'S, is perpendicular to the radius, A 7’, the 
angle B'T A is equal to the angle A HF. 

We have now the complete Heyland 
diagram, in a form available for practical 
purposes. It may be useful to recapitulate 
here what has been said above as to the 
meaning of the various component vectors of 
the diagram. 

(a) The terminal pressure of the motor (E) 
is represented in phase by the vector O E. 

(6) The no load magnetising current of the 
motor (Cm) is given directly in magnitude and 
phase by the vector O F. 

(c) The diameter of the semi-circle, A B F, is 

AF = (OA — OF) = OF (I —?) 


where v is the leakage factor of the motor = R 
> 


(d) The stator current of the motor (Cs ) is 
given directly in magnitude and phase by the 
vector O B. 

(e) The power-factor of the motor is given 
directly by the cosine of the angle ¢; it is a 
maximum when the vector O B is a tangent to 
the semi-circle A BF. 
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(f) The no-load current of the motor (Co ), 
is given directly in magnitude and phase by’ 
the vector O K; the no-load power factor is 
cos ?”. 

(g£) The watt component of the no-load. 
current (Cw) is given directly in magnitude and : 
phase by the vector F K; this fixes the line of ; 
the no-load losses æ 4, which is a parallel to 
OA through the point K. 

(4) The current in the rotor of the motor’ 
(Cr ) is directly proportional to the length of 
the vector F B. 

(z) The input of the motor (Cs x E X 1°73 
x cos ¢) is directly proportional to the length 
of the vector BG. 

(7) The torque of the motor (T) is directly 
proportional to the length of the vector HL; 
the maximum torque the motor can exert before 
pulling up is directly proportional to the 
length of the vector e g. 

(2) The output of the motor (B.H.P.) is 
directly proportional to the length of the 
vector N P; the maximum output the motor 
can give without falling out of step is directly 
proportional to the length of the vector eh. 

(2) The slip of the motor (S) expressed as a 
per-centage is directly proportional to the 
length of the vector VT; at starting it is 
equal to the length B’ T = 100 per cent. 

(m) At starting, the torque exerted by the 
motor is directly proportional to the length of 
the vector H' L'; the starting current for this 
torque is equal to the length of the vector O B, 
and the power factor at starting is given by 
COs 9’. 

The Heyland diagram shows at a glance the 
characteristic properties of induction motors, 
and it also clearly indicates how such motors 
have to be designed in order that they may 
fulfil different requirements. For instance, if 
the motor in question is required to give a large 
starting torque, we can obtain this in either of 
the following ways, or by both together :— 

1. By increasing the rotor copper loss, 
which can be effected by inserting resistances 
into the rotor windings at starting. For the 
effect of this is to increase the length of the piece 
A H’ (Fig 49) which represents the copper loss 
in the rotor, thereby causing the point B’ to 
take up a position higher up on the semi- 
circle. We see now the reason why all induc- 
tion motors having to start against load must 
havea highresistance in their rotors. As already 
explained in the first part of this lecture, this is 
effected either by winding the rotors with a 
regular winding connected to slip-rings, so 
that a starting resistance can be used, or by 


making the rotor (if this is permanently short 
circuited) of specially high resistance, either 
by using brass or german silver connectors for 
the bars, or by making it of cast steel, or in 
some other way whereby this object is attained. 
Clearly, the use of a starting resistance is 
better, for the torque can be regulated in 
accordance with the requirements of the load 
(the resistance being gradually cut out), and 
the motor can be got up to speed gradually. 
Moreover, the loss is not permanent, as the 
resistances are only in circuit during the period 
of starting. 

On the other hand, if the motor is arranged 
to start up without load, by running it up to 
speed on a loose pulley or equivalent device, 
squirrel cage rotors can be used in larger sizes 
with good results, as only a small starting 
torque is required under these circumstances, 
which can evidently be attained with a rotor 
winding of low resistance. 

2. By working with a large magnetic flux, 
as already stated in the first part of this 
lecture. If this is done, the point B for full 
load will be brought nearer the point F, on 
account of the length OF being greater. But 
there are two objections to working with a very 
Jarge magnetic flux—firstly, the motor becomes 
heavy and expensive; and, secondly, the 
power-factor over the working range of load is 
reduced ; the former because a large amount of 
stator iron is required in order to carry the flux, 
and the latter because the magnetising current 
required to drive this flux through the magnetic 
circuit becomes very large in proportion to the 
energy component of the load current. 

For these reasons, standard motors, with 
wound rotors, designed for industrial purposes, 
are so dimensioned that the magnetising 
current, O F (practically the no-load current), 
does not exceed about one-third of the full-load 
current, and the necessary starting torque is 
obtained by the use of an external rotor resist- 
ance, which is cut out as soon as the motor 
has attained full speed. But most squirrel 
cage motors are designed to work with large 
fluxes, and, consequently, the magnetising 
current with such motors is generally equal 
to one-third to one-half of the value of 
the full-load current. Again, induction motors 
designed for traction purposes always work 
with large fluxes, (hence their power factor is 
low except at overloads), and the torque of 
such motors is frequently still further increased 
at starting by increasing the field flux, either 
by changing over the stator connections from 
star to mesh, or by increasing the terminal 
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pressure by means of atransformer. Either of 
these methods (but preferably the former) in 
conjunction with a rotor resistance, used with 
a properly designed induction motor, enable 
the latter to meet the heaviest requirements 
which arise in railway work, but unfortunately, 
owing to the lagging current and to the im- 
possibility of using a series-parallel connection 
of the motors, the current consumption at 
starting is very much greater (for a given 
torque to be exerted under given conditions), 
than that required for similar series wound 
direct current motors. For these reasons, induc- 
tion motors can only be used with advantage 
for railway purposes, for long lines where 
frequent starting and stopping is unnecessary. 

The diagram also shows at a glance what 
the correct rating of the motor in question 
should be. Standard induction motors for 
industrial purposes are generally rated upon 
the basis of their overload capacity, 
which is directly dependent upon the value 
of the magnetising current, and therefore upon 
the number of turns in the stator windings. 
Thus, such motors should be able to carry a 
load equal to two or three times thcir full load 
(according to the standard practice and ideas 
of the builder) before pulling up. Naturally, 
this does not mean the permanent overload 
capacity, on account of the heating; the per- 
manent overload capacity of standard induction 
motors is generally of the order of 30 per cent. 
If, then, it is required that a motor should be 
capable of standing a load equal to twice the 
rated load before pulling up, its actual rating 
is given by the diagram as half the value e/ ; 
having found this vector, the corresponding 
vector for full load, equal to half its value, is at 
once obtained, thus fixing the value of the full 
load power factor and of the other electrical 
quantities. Whether the maximum value of 
the power-factor occurs at full load, or at a 
certain overload, depends upon the leakage 
factor of the motor, that is upon the relative 
value of the magnetising current; motors for 
industrial purposes should be so designed 
that the maximum value of the power factor 
occurs at an output equal to about 80 per cent. 
of the full load output. 

A study of the diagram will show many 
interesting facts connected with the design 
and operation of polyphase induction motors, 
but it is not possible to discuss it further 
now; nor is there sufficient time available 
to show how the diagram can be applied 
to the actual designing of such motors, as this 
would involve a considerable amount of detailed 


explanation, and the working out of an actual 
design. But before concluding this lecture I 
wish to refer to an exceedingly important 
application of the diagram, namely, its applica- 
tion to the testing of large motors. 

There are few testing rooms so arranged 
that induction motors of large size can be 
tested upon load in a complete manner, on 
account of the large amount of power this 
entails, which power is often required over a 
large range of frequency and pressure in order 
to suit the different conditions for which 
induction motors have to be built. With the 
assistance of the diagram, however, it is 
possible to ascertain completely and accurately 
the properties of a motor avfhout loading it, 
in a manner analogous to that referred to 
already when discussing the diagram for a 
motor without losses. Suppose, now, that it is 
required to find out how a certain large motor 
will behave when set to work, and that it is 
not possible to ascertain this by actually 
making a brake test. Clearly, if we can 
construct the diagram for the motor, we can 
see at a glance how it will behave—to this end 
we proceed as follows :— 

(1.) Run the motor without load under the 
normal conditions of supply pressure and 
frequency. Measure the no-load current, 
Co, the no-load watts, w, and the terminal 
pressure E. 

(2.) With the motor at rest, rigidly clamp 
the shaft, so that the rotor cannot move, and 
short-circuit the slip-rings (if there are any) 
with stout conductors. Then apply the full 
load pressure of E volts to the stator terminals, 
and measure the static current C’s, and the 
input in watts, W. If the current or energy 
taken by the motor under these circumstances 
is inconveniently large, reduce the applied 
pressure until a convenient value is obtained ; 
the required value of C’s is found by increasing 
the observed value in the proportion of E volts 
to the pressure actually employed, while the 
input W is very nearly proportional to the 
square of the static current, as the loss is 
almost entirely in the copper. 

(3.) Measure the stator resistance, equal 
to Rs. 

The above tests, which require relatively a 
trifling amount of power, enable us to con- 
struct the complete diagram of the motor, and 
thus predetermine its performance when 
running on load. For (referring again to 
Fig. 49), we first of all draw two lines of 
indefinite length O E and OA; next, from test 
(1) we obtain the angle 9”, the vectors O K 
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and F K, and the line ad. Then, from test (2) 
we obtain the angle ¢ and the vector OB’; 
the latter represents the static current C's to 
the same scale as was used when drawing the 
no-load current vector OK. It is an easy 
matter now to find the semi-circle A BF, for 
this passes through the points B' and K, and 
the centre lies along the line OA. Now join 
B'to the point A, and from the latter point draw 
a line A f at right angles to the line B'A just 
found; this gives the centre f of the ‘‘ out- 
put ’’ semi-circle ANF, which has to pass 
through the points A and F. We draw the 
line AJ at right angles to the vector AB 
because the latter has to be a tangent to the 
‘‘ output ’’ semi-circle, in order that the value 
of the output may be zero for the point B’, at 
which the motor is not developing any power. 
In order to find the ‘‘torque’’ semi-circle 
AHF, we must first find the value of the 
piece B'A in volts; for this we know that the 
line O A is proportional to the stator flux Ns, 
which again is proportional to the impressed 
pressure of E volts. Hence 
Value of vector B'A 
B'A in votsj OA X E. 

Now the drop due to the resistance of the 
stator windings with the static current of 
C's amperes is Rs X C's volts. To represent 
this drop along B'A (in order to get the point 
H), we mark off (from the point B’) a piece, 

— Rs X C's X Length of B'A 
B'H, equal to — Gue of B'A in volts 
of length, thus fixing the point H’; this point 
divides the vector B'A into two parts, respec- 
tively proportional to the stator and rotor 
resistances. The ‘‘ torque ” semi-circle, A HF, 
is thus immediately found, as it has to pass 
through the points A, H’, and F. 


units 


Finally, to obtain the slip line, we simply 


draw a line, B'S from the point B' at right 
angles to the radius of the torque semi-circle, 
A /'; the piece B'T represents then a slip of 
100 per cent. 

The diagram has now been constructed, and 
all the electrical and mechanical quantities of 
the motor can be directly scaled off for different 
loads, and, if required, curves similar to those 
given in Fig. 45 can be drawn out, connecting 
the output of the motor with the corresponding 
values of efficiency, power-factor, slip, stator 
current, torque, etc. 

In order to make the above explanation 
perfectly clear, I give below an actual example 
taken from practice. Fig. 500 (p. 843) gives the 
diagram for a three-phase induction motor 
rated at 80 B.H.P. at 600 revolutions per 


minute, 40 cycles, and 350 volts; the actual 
motor has already been illustrated in Fig. 39. 
Fig. soa gives the results of the static and no 
load tests forming the basis of the diagram, 
the curves showing the relations between the 
pressure per phase and (4) the static current, 
the rotor being short-circuited and rigidly 
clamped, (d) the no-load current, the motor 
running light, and (e) the input, the motor 
running light, respectively. 

From the curves we see that, at a pressure 
per phase of 202 volts (corresponding to a 
terminal pressure of 350 volts with the star- 
connected stator winding), the static current 
is 532 amperes, the no-load current is 40 am- 
peres, and the energy absorbed by the motor 
at no load is 1,680 watts per phase. The energy 
absorbed by the motor when at rest with the 
static current of 532 amperes was estimated 
(on the basis of a direct measurement with a 
smaller pressure) to be 25,100 watts per phase 
at 202 volts, and the resistance per phase of 
the stator winding was measured and found 
to be 0°032 ohm. From these figures we get— 

1680 


- — = 0'218, 
202 X 40 


or 9” = 77° (approx :). 


(a.) Cos p = 


ee dee 

(2.) Cos ọ¢ = sia 08 

or 9’ = 77° (approx :) 

The values for the static and the no-load power 

factors happen to be practically the same in 
this case. 

Referring to Fig. 504, we take any two lines 
at right angles to one another, namely O E 
and OA. From the point O, we draw a line, 
OB’, making an angle of 77 degrees with the 
pressure line, OE; this line, O B’, represents, 
then, the phase of the static current and of the 
no-load current. Next, select a suitable 
ampere scale for the diagram, say one centi- 
metre corresponds to 20 amperes. Make there- 
fore the piece OK = 2 cms. = Co, and make 
the piece O B' = 26°6 cms = C's, Now draw 
the semi-circle A B F, having its centre along 
the line O A (namely at point #), and passing 
through the points B’ and K already found. 
Through point K draw the line @ 6 parallel to 
OA. 

To get the semi-circle for the output, we have 
to remember that the output of the motor is zero 
for the point B’, as then the motor is at rest. 
Therefore, join this point to point A, and from 
the latter draw the line A f, so that the angle 
B'A F is go°; the point f so found is the centre 
of the ‘‘ output ’’ semi-circle, which can now be 
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drawn at such a radius that it passes through | to a pressure per phase of 202 volts. Hence 
the points A and F. The line B'A isthusa 


tangent to the semi-circle A N F, so that the bi pening } = >t X 202 = 47 volts. 
value for the output for the point B’, correspond- 5 
ing tothe stator current of 532 amperes, is zero. The copper drop per phase of the stator for 

a BS FIG. 50 (a and b). 
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To find the semi-circle for the torque, | the current, C's = 532 amperes is (532 X 0'032) 
scale off the values of B'A and OA from the | = 17 volts. Hence, to get the desired point, 
diagram, which will be found to be 6'4 and | H’ on the torque semi-circle, we mark off 
27°5 cms. respectively ; the latter corresponds | along B'A from the point B’ a piece equal to 
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844 
17X64 
————— units of length, thus equal to 241 
cms. Hence we have fixed the torque semi- 


circle, by finding the point H’, and from a 
suitable centre along 4g (namely f’) we draw 
it through points A, H’, and F. 

Finally, to get the slip line, we drop a 
perpendicular from the point B’ on the radius 
Af’, thus getting the line of slip BT, which 
turns out to be 6°25 cms. in length. This is 
equal to a slip of 100 per cent., as the motor 
is not running; at full load, corresponding to 
the stator current O B, torque H L, and output 
(80 B.H.P.) N P, the slip is equal to the piece 
V T cut off on the slip line B’T, which scales 
0'25 cm. Consequently the full load slip is 
4 per cent.; at the maximum load the motor 
will carry (156 B.H.P.) the slip is 16 per cent. 

But the question now arises, how do we know 
which position of the point B on the semi-circle 
corresponds to full load, and in fact how is the 
diagram to be calibrated in order that the 
vectors HL and NP, representing the 
mechanical quantities, may give definite values 
of torque and horse-power respectively for 
different loads on the motor. This point is 
easily settled, for the vectors in the diagram 
such as OB, OF, BG, and FB already 
represent directly the various currents, that is 
to say, the lengths in centimetres represent 
amperes, while vectors such as OA, BH, 
H N, already represent pressures directly, the 
lengths in centimetres representing volts; 
multiplication of the ampere and volt vectors 
gives, therefore, watts directly. By subtracting 
the known losses from the various inputs we 
get the corresponding outputs in watts, which 
are converted into horse-power by dividing by 
746. Several ways of calibrating the diagram 
in this way will suggest themselves—for 
instance, we can proceed thus. The diagram 
having been constructed in the manner indi- 
cated above, take any point B which is 
evidently (from the appearance of the dia- 
gram) in the neighbourhood of full load— 
we could, for instance, draw a line from 
the point O, which would be a tangent to 
the semi-circle A BF, thus giving the value of 
stator current at which the power-factor has 
its maximum value. In the present case we 
will draw a vector of stater current, O B 
(Fig. 50), 6°4cms. in length, thus represent- 
ing 128 amperes. The watt component of this 
current is the vector BG, which is found to be 
5'6 cms. in length, and consequently 112 am- 
peres. At this particular load on the metor, 
therefore, the watt input is | 


(112 X 202 X 3) = 68,000 watts (approx.) 


Now at this load, the total motor losses are as 
follows :— | | 

(1). The light load losses are 1,680 watts 
per phase (from the measurement already 
made), or 5,040 watts total. 

(2). The stator copper loss for the current 
O B = 128 amperes is given by the resistance 
per phase, and by the component FB of the 
stator current, for the C? R loss caused by the 
component OF has already been reckoned in 
with the no-load losses above, seeing that O F 
is the (no load) magnetising current of the 
motor. From the diagram we scale off F B as 
5°7 cms., thus 114 amperes. The stator copper 
loss is therefore 


(3 X 114 X 114 X 0'032) = 1,250 watts. 


In the diagram, the line B H is proportional 
to this loss, and it scales 0°6 cm. 

(3). The rotor copper loss is proportional to 
the line HN in the diagram, which scales 
o’gcm. Consequently we can get the rotor 
loss from the known stator loss by proportion or 


Rotor copper loss = 1,250 X 2 


T= 1,875 watts. 


The total losses in the motor at the load 
corresponding to the point B are, therefore, 
5,040 + 1,250 + 1,875 8,165 watts. The out- 
put is thus 68,000 — 8,165 watts 80B.H.P. 

It thus happens that the motor gives its 
rated output when the stator current is equal 
to 128 amperes ; the line, N P in the diagram, 
thus represents 80 B.H.P., and the value of all 
such lines as this, now that the value of one of 
them has been found, is definitely known. 

Taking into account the known slip of the 
motor we could, from the known output, find 
the value of the torque vector, H L, in pound- 
feet, and having one such value, the values for 
all the other lines representing torque, would 
thus be definitely fixed. 

Clearly, if the line OB had not turned 
out to be the stator current for exactly 
80 horse-power, but a different value, we 
could have immediately found where the 
vector for 80 horse-power lies in the diagram, 
with the help of this value ; it will be seen too, 
that the complete performance of the motor is 
now given by the diagram, for all loads. 

In practice, it is found that the diagram, as 
constructed above, is accurate enough for all 
practical purposes, there being a slight error 
on the right side, that is to say, the motor 
will turn out to be a little better in reality than 
the diagram indicates. . 
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FRIDAY, NOVEMBER 8, 1901. 


All communications for the Society should be addressed to 
the Secretary, Fohn-street, Adelphi, London, W.C. 


Notices. 
ll 


ARRANGEMENTS FOR THE 
SESSION. 


The First Meeting of the One-Hundred-and- 
Forty-Eighth Session will be held on Wednes- 
day evening, the 20th of November, when an 
Address by SIR WILLIAM HENRY PREECE, 
K.C.B., F.R.S., Chairman of the Council, will 
be delivered. 

Previous to Christmas there will be Four 
Ordinary Meetings in addition to the Opening 
Meeting. The following arrangements have 
been made :— 


NOVEMBER 20.—Opening Address of the Chairman 
of Council. 

NOVEMBER 27.—‘ Leather for Bookbinding.” By 
J. GORDON PARKER, Ph.D., Director of the London 
Leather Industries Research Laboratories. 

DECEMBER 4.—“ The Identification of Wood and 
its Application to Scientific and Commercial Pur- 
poses.” By HERBERT STONE. 

DECEMBER 11.—“ Aluminium.” 
ERNEST WILSON, M.Inst.E.E. 

DECEMBER 18.—‘‘ Range Finders.” 
GEORGE Fores, F.R.S. 


By PROFESSOR 


By Pror. 


INDIAN SECTION. 


DECEMBER 5.—‘‘ The Nushbki-Seistan Route.” 
By EDWARD PENTON, B.A.Oxon. 


Papers for meetings after Christmas :— 

“The Use of Mechanical Transport for Military 
Purposes.” By Cot. RoBERT B. CROMPTON, C.B., 
M.Inst.C.E., M.Inst.E.E. 

“ Servia’? By EVERARD R. CALTHROP, M.Inst. 
C.E., M.I.E.E. 

« Recent Inventions in Weaving Machinery.” By 
ProF. R. BEAUMONT. 
“ Elliptographs.” 

M.Inst.C.E 


By FRANK J. GRAY, Assoc. 


‘*¢ The Rural Schools of Fr: nce.” By CLOUDESLEY 
BRERETON, 

“ Recent Work on the Photography of Colour.” 
By Sır WILLIAM ABNEY, K.C.B., D.C.L., D.Sc., 
F.R.S. 

“Ihe Use of Balloons in War.” 
STUART BRUCE. 

“ Sound Signals.” 
The Trinity House. 

“ Street Architecture.” 
F.R.I.B.A. 

‘- Structural Colour Decoration of the Interior of 
Public Buildings.” By GERALD C. HORSLEY. 

“The History of the Rosary in all Countries.” 
By Rev. H. THURSTON, S.J. 


By ERIc 
By E. PRICE-EDWARDS, of 


By BERESFORD PITE, 


INDIAN SECTION. 


The meetings of this Section will take place 
on the following Thursday afternoons, at 4.30 
o'clock :— 

December 5, January 16, February 6, March 13, 
April 17, May I. 


COLONIAL SECTION. 


The meetings of this Section will take place 
on the following Tuesday afternoons, at 4.30 
o’clock :— 

December 17, February r8, March 18, April 22. 


APPLIED ART SECTION. 


The Meetings of this Section will take 
place on the following Tuesdays, at 4.30 or 8 
o’clock :— 

January 21, February 4, March 4, April 8, May 6, 
27. 


CANTOR LECTURES. 


The following courses of Cantor lectures 
will be delivered on Monday evenings, at 8 
o’clock :— 


WILLIAM JAGO, F.C.S., F.I.C., ‘The 
Chemistry of Confectioners’ Materials and 
Processes.’’ Four Lectures. To be followed 
by practical demonstrations. 


LECTURE I.— NOVEMBER 25.—Introduction.— 
Division into flour confectionery and sugar con- 
fectionery — Basis, flour, varieties of —Moistened with 
milk and eggs, made light by aérating agents— Light- 
ening action of eggs. Practical Demonstration— 
Fancy biscuit making. 


LECTURE II.—DECEMBER 2.— Flour Confectionery 
— Made rich by fats—Animal fats, butter, &c.— 
Vegetable fats—Made sweet by cane sugar, honey, 
malt extract. 
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LECTURE III.—DECEMBER 9.—Sugar Confect- 
ionery—Composition and properties of sugar; cane 
sugar, beet sugar, glucose, maltose—Principles of 
sugar boiling—Various sugar working operations— 
Sweets, their nutritious value. Practical Demon- 
stration—Sugar working and sweet making. 

LECTURE IV.—DECEMBER 16.—Confectionery— 
Flavoured by fruit, cherries, currants, raisins, nuts, 
walnuts, almonds; preserved fruits, jams, essential 
oils, lemon, orange, almonds; fruit essences; vanilla 
—Their composition and properties. Practical De- 
monstration—Piping and ornamentation of cakes. 

[Zhe practical demonstrations are subject to 
alteration. ] 


SAMUEL RIDEAL, D.Sc., F.I.C., ‘‘ The Steri- 
lisation of Water.’’ Four Lectures. 
January 13, 20, 27, February 3. 

CYRIL DAVENPORT, ‘“‘ Jewellery.’ 
Lectures. 

February 10, 17, 24. 

J. D. GEDDES, ‘‘ Application of Photography 
to Printing.” Three Lectures. 
March 3, 10, 17. 

RICHARD T. GLAZEBROOK, M.A., D.Sc., 
F.R.S., “ Glass for Optical Instruments.’’ 
Four Lectures. 

April 14, 21, 28, May 5. 


Three 


JUVENILE LECTURES. 


Two Lectures, suitable for a Juvenile 
audience, will be delivered on Wednesday 
evenings, January 1 and 8, at Five o’clock, 
by SIR HENRY TRUEMAN Woop, M.A., 
Secretary of the Society, on ‘‘ Photography 
and its Applications. 


INDIAN SECTION COMMITTEE. 


A meeting of the Committee of the Indian 
Section was held on Wednesday afternoon, 
6th inst. Present: Sir Steuart Colvin Baillie, 
K.C.S.I., C.I.E., in the chair; Lionel Ash- 
burner, C.S.I., T. J. Bennett, Sir George 
Birdwood, K.C.I.E., C.S.I., Major-General 
Sir Owen Tudor Burne, G.C.I.E., K.C.S.I., 
Everard R. Calthrop, Caspar Purdon Clarke, 
C.I.E., F. C. Danvers, Sir Juland Danvers, 
K.C.S.I., Colonel Sir Thomas H. Holdich, 
K.C.I.E., C.B., Henry Luttman - Johnson, 
J. M. Maclean, Alexander Rogers, Sir Charles 
C. Stevens, K.C.S.I., Thomas H. Thornton, 
C.S.I., Sir Raymond West, K.C.I.E., W. 
Martin Wood, with Sir Henry Trueman Wood, 
Secretary to the Society, and S. Digby, Secre- 
tary to the Section. The arrangements for 
the Session were considered. 


Proceedings of the Society. 


eam ere 


CANTOR LECTURES. 
ALLOYS. 


By SIR WILLIAM CHANDLER ROBERTS- 
AUSTEN, K.C.B., F.R.S., AND T. KIRKE 
Rose, D.Sc. 


(Sir William Roberts-Austen delivered two 
lectures on April 22nd and 2ọth as part of his 
fifth course on Alloys. In the first, he dealt 
with the early appliances used in subjecting 
metals and alloys to mechanical tests. The 
information was partly derived from an 
elaborate communication by M. Ch. Fremont 
on the ‘‘ Evolution des Méthodes et des Ap- 
pareils employés pour lessai des Matériaux de 
construction,’’ which was communicated to an 
International Congress held in Paris in July, 
1900. This was elaborately illustrated from con- 
temporaneous documents beginning with the 
16th century. In the second lecture Sir William 
described some recent evidence as to the 
constitution of alloys considered as solutions. 
He pointed to the work which had been 
done by new methods of preparing alloys in 
which certain metals were used, both as fuel 
and as reducing agents, work which had led to 
the formation of complicated alloys of ordinary 
metals with rare metals, such as the iron- 
uranium, the iron-titanium, and many other 
series, the constitution of which is as yet but 
little known. 

Unfortunately, owing to the ill-health of 
the author, it has been found necessary to 
postpone the publication of these two lectures. 
The two remaining lectures of the course 
were delivered by Sir William’s colleague, 
Dr. T. K. Rose. Of these the third lecture 
is published in the present number of 


the Journal, and the fourth will appear next 
| week. ] 


Lecture ITI.—BY DR. T. KIRKE ROSE. 
Delivered May 6th, 1901. 


THE PHASE RULE AND THE ESTABLISHMENT 
OF EQUILIBRIUM IN SOLID ALLOYS. 


It has more than once been pointed out by 
Sir William Roberts-Austen in former Cantor 
Lectures, that the study of alloys is facilitated 
by regarding them as solutions, and much 
attention has been directed of late years to 
attempts, which have been in great part 
successful, to apply to both liquid and solid 
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alloys the laws that govern aqueous solutions 
of salts. 

Liquid alloys may consist of a single solution 
or of a mixture of two or more solutions of 
metals in each other. Take, for example, 
those binary alloys in which no true compounds 
are formed by the union of the constituents. 
Each metal dissolves in the other to saturation, 
and so in general there will be two conjugate 
liquids, which can often be made to separate 
into two layers, according to their densities, if 
kept melted at an even temperature without 
stirring for a sufficient length of time. For 
example, if the alloys of antimony and lead 
are slowly cooled, the antimony, containing 
lead in solution, floats to the top, leaving 
the lead, containing some antimony, at the 
bottom. The composition of each of the 
conjugate solutions thus formed is the same 
whatever may have been the proportions of 
lead and antimony originally mixed together, 
but the relative amounts of the two solutions 
vary with the percentage composition of the 
whole mass. 


Fic. 1. 


® 


Temperature 


Composition 


CRITICAL CURVE OF BINARY ALLOYS. 


In these primary alloys the solubility of each 
metal in the other rises with the temperature, 
and, consequently, they may be represented 
graphically, as was pointed out by the late 
Professor C. Alder Wright, by a curve re- 
sembling that shown in Fig. 1, in which the 
composition is represented by the abscissa, 
and the temperature by the ordinates. 

At the temperature corresponding to the 
point C there is complete mutual solubility. 
Whatever be the composition of the alloy there 
is only one homogeneous liquid at this point, 
and at all temperatures above it. 

At temperatures below C there may be two 
liquids. Any point inside the curve represents 
an alloy consisting of two solutions, and any 
point outside the curve an alloy consisting of 


one solution only. Hence the curve CED is 
called the critical curve. Then at the tem- 
perature @, one solution contains 6d parts of B 
and the rest of A, and the other e and of B 
the rest of A. The relative amounts of these 
solutions depends on the composition of the 
alloy. Similarly, ternary alloys may contain 
three separate solutions, and this can be re- 
presented by an equilateral triangle, in which 
the distances of a point from the three sides of 
the triangle represent the proportions of the 
three metals present.* 

Passing on to solid alloys, it can be shown 
that they may be classed in the same way as 
liquid alloys. Two metals can dissolve each 
other, and form a solid solution exactly com- 
parable to a liquid one. A solid alloy of two 
metals when no compounds are formed in 
general consists of two solid conjugate solu- 
tions just as a liquid alloy consists of two 
liquid conjugate solutions, and the solid 
solutions can be represented graphically in 
exactly the same way as liquid alloys. They 
cannot unfortunately be separated in the order 
of their density; generally they cannot be 
separated at all. 

Useful information as to the constitution of 
solid alloys is given by the application to them 
of the Zaw of phases, which was enunciated by 
Gibbs. This law depends on theoretical con- 
siderations based on the laws of thermo- 
dynamics, and is quite independent of any 
experimental evidence. According to the law 
of phases, when equilibrium has been attained 
in a mixture, the total number of different 
substances or phases in the mass will depend 
entirely on the number of different constituents 
of which it is composed. By different phases 
is meant different homogeneous substances, 
whether elements, compounds, or solutions. 
Moreover, a substance if liquid is to be 
counted as a different phase from the same 
substance in the solid state. 

Applying the phase law to solid alloys, it is 
found that at any temperature, if the pressure 
does not vary and the system is in the stable 
state, the number of phases must in general 
be equal to the number of different constituents 
which are present.t The system is then said 
to be monovariant, as it is possible to vary 
one of the conditions (such as concentration 
of the solid solutions, or the temperature or 
pressure) which determine its actual state, 
without disturbing the equilibrium of the 
system. 


JI aÁ- 
® Sir G. W. Stokes, “ Proc. Roy. Soc.,’’ xlix. (1891), p. 174 
+ H. Le Chatelier. Comptes Rendus. Jan. 8, 1900. 
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At certain critical temperatures, however, 
such as the melting point of one of the phases, 


the equilibrium is disturbed by any slight | 


change in the external conditions, and the 
system is said to be invariant. The number 
of phases then becomes one more than the 
number of constituents present. 

For example, in the system consisting of a 
solid mixture of lead and antimony, two phases 
only will be present at nearly all temperatures, 
these being the two conjugate solid solutions. 
If, however, the temperature is raised to 2 30° C. 
the melting point of the antimony-lead eutectic, 
then there may be three phases present, the 
liquid eutectic together with two solid solutions. 

Many instances of the kind can be adduced, 
but a difficulty in the application of the phase 
rule is nevertheless encountered owing to the 
slowness of diffusion and interaction between 
solids placed in juxta-position, whence it 
follows that a long time may elapse before 
equilibrium is attained. 

An illustration of this may be taken from Sir 
William Roberts - Austen’s experiments on 
diffusion in solids.* 

In the Bakerian lecture for 1896 he gave the 
following numerical results of experiments on 
the rate of diffusion ot gold in lead :— 


Tempera- Diffusivity in square 

ture. centimetres per diem. 
Liquid lead ..,. 492° ...... 3'000 
Solid- -jp pesa 251° ures *023 
Solid ,, .... 200° ..,.., 007 
Solid ,, nese 165° we... "004 
Solid ,, eee. 100° .,...,  *0002 


In May, 1900,f Sir William Roberts-Austen 
communicated to the Royal Society the results 
of an experiment on diffusion in solids, that 
had lasted four years. Cylinders of lead with 
discs of gold affixed to their bases had been 
placed in a cellar in the Mint, where the 
temperature was about 18°C., and left undis- 
turbed for that period of time. 

On cutting the lead cylinders into slices 
about 2°3 mm. thick, and testing them for gold, 
small amounts were found in each of the first 
four layers. They were, unfortunately, too 
small to admit of being weighed, but they 
could be measured with the aid of a micro- 
scope. Gold was detected at a distance of 
9'2 mm. from the surface of the disc of gold, 
and the rate at which diffusion was taking 
place, may, in Sir William’s words, be “made 
clearer if it is stated that the amount of gold 


E e N 
* “Phil. Trans, Roy. Soc.,” vol. 187A (1897), p. 383. 
t “ Proc, Roy. Soc.,” vol. 67 (2900), p. t01. 
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which would diffuse in solid lead at the ordi- 
nary temperature in 1,000 years is almost the 
same as that which would diffuse in molten 
lead in a single day.” 

Nevertheless, there was nothing to show 
that equilibrium had been established in any 
of the experiments between the solid gold and 
the solution of gold in lead formed in contact 
with it by diffusion. It is clear, however, that 
at temperatures near the melting point of the 
solution, equilibrium would be reached much 
sooner. On the other hand, in the cementa- 
tion of iron, which is carried on at a tempera- 
ture of about 1,000°, equilibrium can be 
attained between iron and carbon, saturated 
solutions being formed, the exact composition 
of which varies with the temperature, more 
carbon being dissolved in iron as the tempera- 
ture rises. Prof. J. O. Arnold showed* that 
by exposure to the ordinary process of cemen- 
tation twice in succession, Swedish iron con- 
taining 0°05 per cent. of carbon may be con- 
verted into ‘‘ glazed bar” containing slightly 
over two per cent. of carbon, and that it is not 
possible to introduce much over two per cent. 
of carbon into iron, even by repeating the 
operation of cementation ten times. Under 
such treatment, however, a large portion of 
the carbon in the cold metal is found to exist 
as graphite. Each operation consisted in 
heating the iron in a bed of charcoal for 11 
days at about 1,000°, and then allowing it to 
cool slowly for a period of 14 days. 

Since the establishment of equilibrium in 
solid mixtures often depends on such move- 
ments as these, it is not surprising that a long 
time may elapse before it is attained, and that 
it may not be possible to apply the phase rule 
to alloys until long after they have become 
solidified. 

In further illustration of the mechanism by 
which equilibrium in solid mixtures may be 
established, it is interesting to refer to some of 
the researches on the growth of crystals in 
metals at temperatures below their melting 
points. Probably the first observation of such 
growth was made by D. Tschernofft in study- 
ing the effects of annealing cast steel at tem- 
peratures above 700°C. In 1898, J. E. Stead 
showed} that in very soft steel containing about 
o'i per cent. of carbon or less, the crystalline 
grains grow in size as the temperature rises 


* ** Journ. of the Iron and Steel Inst.” No. II. (1898), p. 185. 

t "The Structure of Cast Stecl Ingots.” Proc. Inst. 
Mech. Eng. April, 1880. Translated by W. Anderson. 

ł ‘* Journ. of the Iron and Steel Inst., 1898, I. p. 145, If. 
P. 137. 
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from about 500° C. up to about 750°. Above 
this temperature no material change in size 
takes place until the temperature reaches 900°, 
when the large grains are broken up into 
minute crystals, and the iron is said to be 
‘‘ refined.’’ 


Fig. 2 shows steel originally containing 0°21 


MILD STEFL AFTER BEING HEATED TO 750°. 

per cent. of carbon, which has been subjected 
to long annealing in lime at about 750°C., 
with the result that the carbon has been 
reduced to 0°02 percent. Fig. 3 is the same 
as Fig. 2 after heating it to g50°C. Both 
photographs are from Mr. Stead’s paper, and 
are magnified 34 diameters. One of the 


THE SAME AFTER BEING HEATED TO 950°. 


practical results of this rescarch is the infer- 
ence that low carbon steel must not be 
annealed at 500° to 700°, but at goo’. If 
annealed at 700° such steel becomes coarsely 
crystalline and brittle. On the other hand, 
high carbon steel becomes coarsely crystalline 
at goo’, and must be annealed at 700°. 

In his researches on the alloys of copper and 
zinc, Charpy, in 1896, showed similarly* that 


* Bull. de la Soc. D’Encouragement,’’ Feb. 1896. 


if worked specimens were annealed at tempera- 
tures between 500° and goo°, crystals were 
developed in the mass, and became larger as 
the temperature of annealing was raised. 


FIG. 4. 


FRESHLY CUT LEAD X 7 DIAM. 


Another singular observation of the trans- 
formation of the structure of a metal at a tem- 
perature far below its melting point is that of 
gold containing 2 parts per 1,000 of antimony, 
mentioned by Sir William Roberts-Austen. In 
this case large crystals are transformed into 
minute ones at 200° C. 


FIG, 5. 


= 


_ ee. L iil a E 


THE SAME AFTER BFING HFATFD TO 200°. 
X 3} DIAM. 


An elaborate research has also been made 
by Ewing and Rosenhain,* which includes the 
development of crystals in metals under strain 
when subjected to various temperatures. The 


* “Proc. Roy. Soc., vol. 67 (1900), p. 112. 
Trans., vol. 195a (1901), p. 270. l 


** Phil. 
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method of investigation consisted in taking a 
series of microphotographs at low magnifi- 
cations of certain marked areas in the surface 
of a specimen, in order to watch the changes 
which went on through lapse of time or after 
application of some thermal treatment. It was 
found that when lead is subjected to a very 
severe strain bycompressing it the original large 
crystals are broken up into smaller ones, with- 
out, however, destroying their truly crystalline 
nature. When so treated these metals readily 
recrystallise. In the case of severely strained 
lead, even at the ordinary temperature of a 
room, gradual recrystallisation can be observed 
in the course of several months, while at higher 
temperatures the changes are much more rapid. 
A freshly strained specimen exposed to 200° C. 
was found to recrystallise in a few minutes. It 
was also stated by Ewing and Rosenhain that 
severe plastic strain is essential to such re- 
crystallisation, and that minute crystals ob- 
tained by chilling the metal in casting are 
not capable of recrystallisation at such mode- 
rate temperatures. Closer observation has 
shown that this recrystallisation of strained 
metal takes place by the growth of certain of 
the minute crystals at the expense of their 
neighbours ; individual crystals have been 
observed to grow until they were many 
hundreds of times larger than they were 
originally. 7 

For example. a sample of freshly crushed 
lead etched with nitric acid and magnified to 
7 diameters presented the appearance shown 
in Fig. 4.* After subjection to a temperature of 
200° C. for 40 days, the same specimen mag- 
nified to 34 diameters is shown in Fig. 5. The 
minute crystals produced by crushing are seen 
to have grown enormously in size in the 
interim. 

When such crystallising growth has con- 
tinued for some time at a given temperature 
the structure becomes more or less stable as 
far as that temperature is concerned, but 
exposure to a higher temperature may cause 
further growth to occur. 

Osmond, in the year before this paper was 
read, in speaking of the well known analogous 
crystalline growths in solid iron and steel 
during annealing, observed thatt “For a 
crystal to grow it must find free solid crystalline 
molecules within reach. In a liquid solution 
this condition could only obtain during cooling, 
but in a solid solution as now defined, the solid 
molecules were always present. In order that 


e Toc. cit. 


t “ Journ. of the Iron and Steel Inst.,’’ vol. 56 (1899), p. 218. 


-nification is 25 diameters. 


they might abandon one crystal to the profit of 
its neighbour, it would suffice if they were 
diverted to such an extent either by heat alone 
or the interposition of foreign molecules, as to 
take a new position under the inducement of 
the largest of the adjacent agglomerations.”’ 

Ewing and Rosenhain attribute the growth 
of the crystals to a kind of electrolytic action 
dependent on the existence of impurities, which 
form eutectics. The crystals of the pure 
metals are separated from each other by films 
of these eutectics, and the differences of elec- 
tric potential in the surfaces of the crystals 
cause differences in their solubility in the 
eutectic, with the ultimate result that the mate- 
rial from one crystal is dissolved, and re-depo- 
sited on an adjacent crystal. It is well-known 
that two similar pieces of metal show differ- 
ences of potential if one of them is subjected to 
strain, as may be shown by an experiment due 
to Professor Bose. 

[An experiment was here shown, in which 
two pieces of lead wire, connected through a 
mirror galvanometer, were dipped into a solu- 
tion of common salt. No current passed, and 
a spot of light reflected from the mirror of the 
galvanometer and thrown upon the screen was 
seen to remain stationary. On twisting one of 
the wires slightly, however, a continuous 
current was produced, and the spot of light 
moved on the screen. ] 

Nevertheless, it is by no means certain that 
crystalline growth in solid metals depends 
either on a state of strain or on the presence of 
impurities. The experiments of Stead and 
Charpy, already noted above, were not made 
after straining the metals, and Sir William 
Roberts-Austen obtained the results shown in 
Figs. 6 and 7 (p. 851) by using gold of a high 
degree of purity. Fig. 6 shows the junction of 
two pieces of pure gold, which were squeezed 
together and the surface polished. The mag- 
Fig. 7 shows the 
effects produced by raising these pieces of 
gold to 750°, maintaining the temperature for 
five minutes, and then allowing them to cool 
slowly. The crystals are altered, and the 
junction is scarcely visible. The conditions 
under which this experiment took place 
would seem to exclude the possibility of any 
impurity or eutectic lying between the two 
surfaces of pure gold, and the crystalline 
growth must have taken place in solid gold at 
fully 300° below its melting point. 

It is clear from the results quoted above that 
molecular activity in solids depends on tem- 
perature, so that as the temperature rises 
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molecular activity increases, and, therefore, 
equilibrium in solid metallic solutions can be 
most rapidly attained at high temperatures. 
Much information on the constitution of solid 
alloys can be gained by the application of the 
phase rule, but the difficulty of the existence 
and maintenance for considerable lengths of 
time of unstable systems must be first over- 
come. “If, Le Chatelier says,” ‘‘in such a 
[solid] system a number of phases is found 
superior to that of its independent constituents, 
it is certain that the series of transformations 
from which they result is not reversible, and 


JUNCTION OF Two PIECES OF PURE GOLD. 
X 20 DIAMS. 


that the final condition is not stable.’’ In other 
words, equilibrium has not been established. 
‘¢ We find an instance of this,” he continues, 
‘in the case of slowly cooled cast iron, which 
is generally made up by the juxtaposition of 
the substances or phases, iron, graphite, and 
cementite (Fe;C), though only two constitucnts 
are present, iron and carbon. Such a state 
is unstable. In re-heating (manufacture of 
malleable cast iron) the cementite disappears. 

‘The two principal causes which produce 
these unstable systems are, first, too rapid 
cooling, as in the case of cast-iron, and, 
secondly, the successive consolidation of the 


* Comptes Rendus, January 8, 1900. 


various elements crystallising in spherical 
layers, resulting in the complete isolation 
of certain parts.’’ Isolation, that is, until by 
the slow operations of diffusion equilibrium 
is finally established. 

An example of the formation of an unstable 
system by isolation is furnished in the case of 
gold and lead. When these are melted in 
about equal proportions, and allowed to cool, 
the solid alloy contains no less than four 
phases, or two more than could exist in a 
state of stable equilibrium. These phases can 
be seen in Fig. 8 (p. 852), which is a section of the 
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THF. SAME AFTER BEING HEATED TO 750°. 
X 42 DIAMS. 


alloy, consisting of 41 per cent. of gold and 
59 per cent. of lead. The phases consist of 
(1) a very little free gold in the form of crystal- 
lites inside (2) the large white crystals of Au,;Pb; 
(3) a substance which Mr. Stead denotes as 
the second eutectic, which here forms the 
magma; and (4) some cigar-shaped bodies, 
forming the first eutectic, surrounded by the 
second eutectic. | 

In this case the gold crystallites are isolated 
from everything except the compound Au,Pb, 
which, in turn, is separated from the cigar- 
shaped bodies. In the course of time, many 
years no doubt at the ordinary temperature, 
but a much less time at a temperature some- 
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what below the melting point of the eutectic, 
the number of phases would be reduced to two 
‘conjugate solutions. The result of an attempt 
to bring this alloy to the condition of equili- 
brium by heating it to 200° for three days, is 
shown in Fig. 9, in which only two bodies can 
be seen, though the crystals are much larger. 
It is, therefore, clear that in the solidification 
‘of alloys, as usually carried out, the cooling is 
too rapid in many cases to permit of equili- 
brium being attained. 

It must, however, be remembered that rapid 
cooling may result in an unstable state in 


Fic. 8. 


GOLD-LEAD ALLOY. X 100 DIAMS. 


which the number of phases is less than the 
number that may exist in equilibrium. An in- 
stance of this is afforded in quenched steel. If 
steel, containing about 0°89 per cent. of carbon 
is cooled suddenly, only one phase, martensite, 
is found to exist in the cold alloy. But this is 
not stable. It consists, according to the view 
now generally accepted, of a solution of carbon 
in 8 iron, an allotropic modification which is 
stable only at temperatures above 750°. By 
heating martensite to a temperature of 750°, 
and allowing it to cool slowly, the stable 
form pearlite is produced, which consists of 
two phases, pure iron or ferrite and carbide of 
iron, Fe,C, or cementite. One may suppose 


that this change might take place at ordinary 
temperatures in the course of long periods of 
time, so that steel implements would gradually 
become soft. 

Moreover, the phase rule does not disallow 
the possibility of a solid alloy in a state of 
equilibrium, containing fewer phases than the 
number of distinct constituents. Thus in the 
case of silver and gold, a mixture of the two in 
any proportions, whether cooled quickly or 
slowly, or annealed at a red heat for two 
months, results in the production ofa single 
phase, a solid solution, or what, accord- 


FIG. 9. 


THE SAMF AFTER BEING HEATED TO 300°. 
X 100 DIAMS. 


ing to M. Le Chatelier, amounts to the same 
thing, an isomorphous mixture of silver and 
gold. 

Before coming to the important paper in 
which Roozeboom showed how the phase rule 
is applicable to the complicated iron-carbon 
series of alloys, it is necessary to refer to some 
of the recent work on their cooling curves and 
equilibrium curves. The series of iron-carbon 
alloys is complicated by the numerous changes 
which occur when they are cooled. By the 
delicate differential method of detecting thermal 
change (explained in the previous lecture by 
Sir William Roberts-Austen), he was enabled 
to trace out the remarkable curve shown in 
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Fig. 10.* This shows the cooling of electro- 
deposited iron from a white heat. The iron 
was deposited on a thermo-junction from a 
solution of ferrous chloride which had been 
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carefully purified. It was then placed in the 
glazed porcelain tube, and a vacuum created 
by -a -mercurial pump. Hydrogen was freely 


* Fifth Report of the Alloys Research Committee of the 
Mechanical Engineers. 1899. 


JOURNAL OF THE SOCIETY OF ARTS. 


853 


evolved as the portion of the tube containing 
the iron was gradually heated; but although 
the evolution of gas never absolutely ceased, the 
amount of hydrogen delivered by the pump was 
very small when the iron attained the tempera- 
ture of 1,300°C. After four successive heatings, 
the cooling curve shown in Fig. 10 was taken. 
The co-ordinates are time and temperature as 
usual, but the temperature represents changes 
in the rate of cooling or molecular evolutions 
of heat and not the temperature of the mass 
under examination. 

There is at B the ordinary Ar; of Osmond, 
occurring at 895° or 45° higher than in mild 
steel. The point Ar, occurs at 700°. The 
carbon point, Ar,, could not be expected to 
occur in iron free from carbon and does not 
exist. Then there are points at about 487° and 
at 261° which are connected with the retention 
of hydrogen by the mass of iron. The proof of 
this connection is that although they occurred 
after the metal had been three times heated to 
1300°, yet after repeated heatings of the metal, 
in vacuo, they become so small that it is im- 
possible to identify them with certainty. On 
recharging the iron with electrolytic hydrogen 
the point at 487° is partly restored, but the 
other one is not. 

The construction of the equilibrium curves of 
the iron-carbon series by Roberts-Austen,* has 
marked the striking advance in the study of the 
theory of these alloys, which has lately been 
made. Roozeboom used them as the basis of 
his paper on the application of the phase- 
doctrine to iron and steel,ft and the curves 
have also been discussed by Stansfield{ and 
Baron H. von Jiptner.§ 

The curves are of great complexity, and are 
by no means completely determined as yet. 
The curves, according to Roozeboom, are 
shown in Fig. 11, in which the lines A B, B D, 
AB, BC, are solidification curves, and the 
lines below the temperature of 1130°, denote 
thermal changes in the solid metal. Starting 
with A, the freezing point of pure iron at 1600°, 
it 1s seen that the additions of small amounts 
of carbon continually lower that freezing point 
in the usual way, a solid solution of carbon in 
iron crystallising out until, when the carbon 
amounts to 4°3 per cent., the eutectic is reached 
and the mass sets as a whole at a temperature 
of 1130°. At all points along the line A B before 

+ “ Zeitschrift fur Physikalische Chemie,” 1900, vol. 34, 
j y lout Iron and Steel Institute,” 1899, II., p. 169. 1900, 


I., p. 317. 
t * Journ, Iron and Steel Institute,” 1900, I., p. 333. 
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B is reached the system consists of a liquid 
solution of iron and carbon in equilibrium with 
a solid solution of carbon in iron containing 
less carbon than the liquid. The line 4, Z, 7, a, 
gives the composition of the solid crystals 
which separate on solidification, solid crystals 
of the composition Ø being, for example in 
equilibrium with a liquid of the composition g. 
At 1130°, however, three phases exist, a liquid 
solution containing 4'3 per cent. of carbon, 
graphite, and a solid solution containing about 
2 per cent. of carbon. 
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EQUILIBRIUM CURVES OF THE ITRON-CARBON 
SERIES. 


The most interesting part of the curve, how- 
ever, is that showing the evolution of heat due 
to the molecular changes in the solid metal. 
Stansfield drew attention to the very interest- 
ing fact that any allotropic or molecular change 
is exactly comparable to the change of state 
involved in solidification. Thus the change 
from y to B iron occurring in pure iron at 
895° is lowered by successive additions of 
carbon, as shown inthe line GO, and a similar 
lowering in the temperature of the allotropic 
change from y toe iron, denoted by the line 
OS, where ferrite separates from the carbon 
iron solid solution, is shown to be caused by 
further additions of carbon. Roozeboom 
observes* “That a solid solution may reject 
one of its components or a compound, just ‘as 
a liquid solution does when it is cooled, was 
an entirely unknown phenomenon a few years 
ago,” and its demonstration by his pupils 
and by Roberts-Austen marks another step in 
the application to metals of the laws 
governing liquid solutions. 

Finally, by further additions of carbon the 


“Iron and Steel, from the Point of View of the Phase 
Doctrine.” Journ. Iron and Steel Inst. No. II. (1900), p. 314. 


pearlite eutectic is reached at S, when o°g per 
cent. of carbon is present, and the solid solu- 
tion completely splits up at 700° into two parts, 
ferrite and cementite. 

In any of these alloys there are only two 
ultimate constituents, carbon and iron, but 
there are many possible phases, such as carbon 
in its different allotropic forms, iron in its 
three modifications, a, 8, and y, solid solutions 
of carbon in each form of iron, and liquid 
solutions of various compositions. Cementite, 
ferrite, martensite, graphite, and probably 
diamond are all phases which have been 
recognised. Pearlite is not a phase, but a 
mixture of the two phases, ferrite and cement- 
ite. In general only two of these can exist 
at any one temperature and pressure. The 
diagram shows what are the phases at different 
temperatures and compositions. 

The systems containing more than 0°g per 
cent. of carbon at temperatures below 1000° are 
interesting, and their composition has scarcely 
been determined with certainty. According 
to the phase doctrine, when equilibrium is 
established these alloys must consist either of 
carbon-iron solution and graphite or carbon- 
iron solution and cementite, but cannot contain 
iron together with both graphite and cementite. 

It is, however, well known that broad areas 
of cementite, Fe;C, tend to disappear in 
annealed steel and pig iron, in which a true 
state of equilibrium is more nearly approached, 
and there is a fendency for the appearance of 
graphite. It is possible, therefore, as has been 
suggested by Stansfield* that at these tempera- 
tures the phases in equilibrium under low 
pressures would be graphite and carbon-iron 
solution and, under a high pressure, of cement- 
ite and carbon iron solution. 

This view appears to be supported by a 
specimen prepared by Dr. Stansfield, which 
consists of pure carburised iron annealed for 
two days. The outer portion of this, which 
may be supposed to have cooled under slight 
pressure, reveals the presence of graphite, and 
the inner portion which must have cooled 
under high pressure shows no graphite but only 
cementite. 

In view of all the results given above, it 
seems clear that in the case of both liquid and 
solid alloys-it is all important to consider them 
as solutions; and that when regarded as such 
the phase doctrine is capable of affording 
valuable information with regard to the con- 
stitution, and incidentally of their properties. 


* “ Journ. Iron and Steel Inst., 1900, II., p. 325. 
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Miscellaneous. 
——— 


RUSSIAN FORESTS. 


The interesting exhibits in the Russian Forestry 
Pavilion at the Glasgow Exhibition are described in 
a late number of Zhe Builder. They are all, or 
nearly all, supplied by the Imperial Appanages 
Ministry of Russia. These Appanages were origin- 
ally State lands, which were set apart in 1797 by the 
Emperor Paul I. for the members of the Imperial 
family, other than the Emperor and his eldest son. 
The annual revenues have not always been spent, and 
the surpluses have been devoted to the development 
of the estates, and also to the purchase of new 
estates, so that at the present time the Appanages 
are very valuable properties, producing minerals, 
timber, vines, and cereals in great abundance. Some 
idea of their extent may be gathered from the fact 
that the area of the forests of the Appanages exceeds 
150,000,000 acres. About two-thirds of this area is 
now under management. Regulations are made in 
order to preserve the forests from depletion. Each 
portion of a forest passes through a cycle of growth, 
cutting, and replanting, the duration of the cycle 
being regulated by the rate of growth in that particular 
district and other factors; thus, the ‘minima revolu- 
tions” for pine intended for the market is 160 years 
in the northern districts and 120 years in the southern. 
The cycles for firewood trees are much shorter, vary- 
ing from about thirty to eighty years, according to the 
locality and the kind of tree. 

Most of the timber is sold standing, the average 
price per deciatine (2°7 acres) being 94 roubles (£9 16s.) 
in 1885, 99 roubles 10 copecks (£10 5s. 6d.) in 1895, 
and no less than 134 roubles (£13 19s.) in prosperous 
1899. The net income from the forests was about 
1,640,000 roubles in 1885, 1,900,000 in 1895, and 
4,069,000 in 1898. Only about 10 per cent. of the 
annual production of the forests is converted in the 
saw-mills belonging to the Appanages, but the pro- 
portion is steadily increasing, as new saw-mills are 
being erected. At Archangel there is a saw-mill for 
the northern forests of Velsk; the forests of Vologda 
supply a saw-mill on the Kovja, a river of the Marie 
basin, whence the converted stuff passes to St. 
Petersburg or (for foreign markets) to the port of 
Kronstadt ; the logs from the Nijni-Novgorod forests 
are floated down the Volga to the mill at Kaptarski; 
and another mill at Strablia serves the forest of 
Svislotchskaia. There is now a fifth mill at Astrakhan 
for converting the timber required in the Transcaspian 
districts. The mills at Archangel and on the Kovja 
are of more interest to English readers; of the output 
of that at Archangel from 1894 to 1898 inclusive, 
70°7 per cent. was exported to England, the remainder 
going to Holland, France, Spain, Belgium, and 
Germany. Of the “pine and silver fir” (:.e., red or 
yellow deal or fir, and white deal or spruce) exported 


from the mill on the Kovja, during the period 1897-9, 
about 60 per cent. was shipped to England, and 
about 27 per cent. to Germany. 

A comparison of the woods grown in the different 
forests can be made by examining the 231 specimens 
collected in the two stands marked No. 7. The 
specimens are all 10} in. long, but of various widths 
and thicknesses, and are polished on one side only. 
Fifteen different Appanages and Imperial estates are 
represented, ranging from Velsk and Vologda in the 
north to the forests adjoining the Black and Caspian 
Seas in the south. The soft woods, which are, of 
course, chiefly from the central and northern forests, 
include “common pine” (Pinus sylvestris), ‘ silver 
fir” (Picea excelsa), ‘ Siberian spruce fir” (Abies 
sibirica), and ‘Siberian larch” (Zarix sibirica). 
Among the hard woods are oak, birches, alders, 
poplars, elms, sycamore and maples, willows, ash, 
linden, rowan-tree, palm-tree, apple and pear-tree, 
chestnut, hornbeam, box, hazel, fig-tree, walnut, 
holly, yew, almond-tree, and others. The student 
will find it interesting to compare the different 
varieties of the same species, as well as the different 
species. 

Another series of exhibits (Nos. 8 to 53) is restricted 
to the timbers most commonly found in the forests, 
and important from the commercial point of view. 
The specimens in this series are about a yard long, 
and are cut from the lower parts of trees which have 
arrived at the age for exploitation. In a third series 
(Nos. 54 to 66), confined to oak, aspen, and soft- 
woods, the specimens are discs, a few inches thick, 
cut from the lower parts of tree trunks of large 
diameter. 


NEW POPULATION AND NEW MARKETS. 


In a recent number of the Yvurnal, some extracts 
were given from the recent address of Sir Robert 
Giffen, to the Economic Section of the British Asso- 
ciation, dealing with the recent growth of European 
populations. Another topic of much interest touched 
on in the same address, was the question as to how 
new markets are to be found for the products of an 
increasing population. Not only in this country, but 
in Germany and other Continental countries, millions 
of new people are, in fact, provided for in every ten 
years, although the resources of the country in food 
and raw materials are generally used to the full extent, 
and not capable of farther expansion, so that increas- 
ing supplies of food and raw material have to be im- 
ported from abroad. How is the thing done? 
Obviously the main provision for the wants of 
the new people is effected by themselves. They 
exchange services with each other, and so pro- 
cure the major part of the comforts and luxuries 
of life which they require. The butcher, the baker, 
the tailor, the dressmaker, the milliner, the shoe- 
maker, the builder, the teacher, the doctor, the 
lawyer, and so on, are all working for each other 
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tbe most part of their lives, and the proportion of 
exchanges with foreign countries necessary to procure 
some things required in the general economy may be 
very small. These exchanges may also very largely 
take the form of a remittance of goods by foreign 
countries in payment of interest on debts which they 
owe, so that the committee in question obtain much 
.of what they want from abroad by levying a kind of 
rent or annuity which the foreigner has to pay. If 
more is required, it may be obtained by special 
means, as, for instance, by the working of coal for 
export, which gives employment in this country to 
about 200,coo miners, by the employment of shipping 
in the carrying trade, by the manufacture of special 
lines of goods, and so on. But the main exchanges 
of any country are, and must be, as a rule, at home, 
and the foreign trade, however important, will always 
remain within limits, and bearing some proportion to 
the total exchanges of the country. Hence, when 
additions to the population, and how they are to live, 
a-e considered, the answer is that the additions will 
fill up proportionately the framework of the various 
industries already in existence, or the ever-changing 
new industries for home consumption which are 
always starting into being. These are the primary 
outlets for new population even in old countries like 
the United Kingdom and Germany. Looking at 
the matter from the outside, and scientifically, it is 
the home and not the foreign market which is always 
the most imp rtant. 

The same may te said of a country in a somewhat 
different economic condition from England and 
Germany, viz., the United States, though the facts 
here are not so clearly on the surface. Contrary to 
England and Germany, which have no food resources 
and resources of raw material capable of indefinite 
expansion, the United States is still, to a large extent, 
a virgin country. Its increasing population is there- 
fore provided for in a different way, for the most part, 
from the increase in England and Germany. But 


even in the United States it has been noticeable at | 


each of the last census returns, that the increasing 
population finds an outlet more and more largely, 
not in agriculture and the extraction of raw materials, 
but in the miscellaneous pursuits of industry and 
manufacture. The town population increases dis- 
proportionately. In the last census especially, 
it was found that the overflow of population 
over the far Western States seemed to have 
been checked, the increase of population being 
mainly in the older States, and the towns and cities of 
the older States. The phenomena in England and 
Germany, and in other Continental countries, are 
accordingly not singular. The older countries, and 


the older parts even of a new country like the United. 


States, are becoming more and more the centres 
where populations live and grow, because they are the 
most convenient places for the general exchange of 
services with each other among the component parts 
of a large population, which constitutes production 
and consumption. 


Obituary. 
——— 


COLONEL WALFORD, R.A. — Colonel Neville 
Lloyd Walford, commanding the Royal Artillery in 
the Western District, died at his residence, War- 
leigh, near Plymouth, on October 28th, after a few 
days illness. He was born in 1844, and received his 
first commission in the Royal Artillery, in July, 1845. 
In February, 1875, he was appointed Instructor in 
Tactics at the Royal Military College; he was 
Brigade-Major of the School of Gunnery, Shoe- 
buryness, from January, 1884, to December, 1888 ; 
from January, 1890, to the same month of 1893 he 
was a member of the Ordnance Committee, and later 
at the headquarters of the Army he filled the posts 
of Assistant-Director of Artillery, and subsequently 
that of Deputy-Inspector-General of Ordnance. He 
served in the Egyptian expedition of 1882 (medal and 
Khedive bronze star). Colonel Walford was elected 
a Member of the Society of Arts in 1888. 


J. K. STARLEY.—Mr. John Kemp Starley, the 
inventor of the safety bicycle, died at Coventry on 
October 29th. He was a member of the Society of 
Arts, and on May 18th, 1898, he read a paper on 
“The Evolution of the Cycle,” in which he gave 
a full account of the history of cycles. For this 
paper he received the Society’s silver medal. Mr. 
Starley was much engaged in religious and philan- 
thropic work in Coventry, and took an active part in 
local affairs. He was the founder of the “ Rover 
Cycle Company ” (Limited). 


MEETINGS FOR THE ENSUING WEEK. 


Moxpay, Nov. 11.—Imperial Institute, South Kensington, 
S.W., & p.m. Mr. J. W. Bengough, “ Facts and 
Fancies about Canada.” 

Surveyors, 12, Great George-street, S.W., 8 p.m. 
Opening Address by the President, Sir John F. L. 
Rolleston, M.P. 

London Institution, Finsbury-circus, E.C., 6 p.m. 
Prof. Grenville Cole, “ The Life Period of Moun- 
tains 0. 

Tuzspay, Nov. 12...Civil Engineers, 25, Great George-street, 
S.W. Mr. W. Kaye Parryand Dr. W. E. Aden 
“ The Discharge of Sewage into a Tidal Estuary.” 

Colonia], Whitehall-rooms, Whitehall-place, S.W., 
8 p.m. Mr. Frank Johnson, “Rhodesia: its 
Present and Future.” 

WEDNESDAY, Nov. 13...Japan Society, 20, Hanover-square, 
S.W., 8} p.m. Mr. Toichi Tsumura, ‘‘ Japanese 
Dwarf Trees.” 

Tuurspay, Nov. 14...London Institution, Finsbury-circus, 
E.C., 6 p.m. Mr. John Radcliffe, “ Pipes and 
Flutes of all Ages.” 

Camera Club, Charing-cross-road, W.C., 8.15 p.m. 
Mr. Basil N. Tebbs, ‘‘ Bacteria.” 

Fripay, Nov. 15...Association of Head-Masters of Higher 
Grade Schools and Schools of Science (at the 
House oF THe Society or Arts), 10 a.m. 

Mechanical Engineers, Storey's-gate, St. James’s- 
park, S.W., 8p.m. Prof. William F. Dalby, “ The 
Balancing of Locomotives.” 
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the Secretary, Fohn-street, Adelphi, London, W.C. 


Notices. 


EE SE 
ARRANGEMENTS FOR THE 
SESSION. 


The First Meeting of the One-Hundred-and- 
Forty-Eighth Session will be held on Wednes- 
day evening, the 20th of November, when an 
Address by SIR WILLIAM HENRY PREECE, 
K.C.B., F.R.S., Chairman of the Council, will 
be delivered. 


Previous to Christmas there will be Four |} 


Ordinary Meetings in addition to the Opening 
Meeting. The following arrangements have 
been made :— . 


NOVEMBER 20.—Opening Address of the Chairman 
of Council. 

NOVEMBER 27.—‘ Leather for Bookbinding.” By 
J. GORDON PARKER, Ph.D., Director of the London 
Leather Industries Research Laboratories. RICHARD 
GARNETT, LL.D., C.B., will preside. 

DECEMBER 4.—‘‘ The Identification of Wood and 
its Application to Scientific and Commercial Pur- 
poses.” By HERBERT STONE. SIR DIETRICH 
BRANDIS, K.C.I.E., will preside. 

DECEMBER 11.—‘* Aluminium.”’ 
ERNEST WILSON, M.Inst. E.E. 

DECEMBER 18.—“ Range Finders.” 
GEORGE Forbes, F.R.S. 


By PROFESSOR 


By PRoF, 


INDIAN SECTION. 

DECEMBER 5.—‘** The New Trade Route to 
Persia by the Nushki-Seistan Route.” By EDWARD 
PFNTON, B.A.Oxon. The RIGHT Hox. SIR 
HENRY DRUMMOND WOLFF, G.C.B., G.C.M.G., 
will preside. 


Papers for mectings after Christmas :— 


“The Use of Mechanical Transport for Military 
Purposes.” By CoL. ROBERT B. CROMPTON, C.B., 
M.Inst.C.E., M.Inst.E. E. 

“ Servia.” By EveRarp R. CALTHROP, M Inst. 
VE., M.LE.E, 


“ Recent Inventions in Weaving Machinery.” By 
ProF. R. BEAUMONT. 

' “ Eliptographs.” By FRANK J. GRAY, Assoc. 
M.Inst.C.E 

“ The Rural Schools of France.” By CLOUDESLEY 
BRERETON. 

“Recent Work on the Photography of Colour.” 
By Sik WILLIAM ABNEY, K.C.B., D.C.L., D.Se., 
F.R.S. 

“The Use of Balloons in War.” 
STUART BRUCE. 

“ Sound Signals.” 
The Trinity House. 

“ Street Architecture.” 
F.R.I.B.A. 

“ Structural Colour Decoration of the Interior of 
Public Buildings.” By GERALD C. HORSLEY. 

‘The History of the Rosary in all Countries.” 
By REV. HERBERT THURSTON, S.J. 


By ERIc 
By E. PRICE-EDWARDS, of 


By BERESFORD PITE, 


INDIAN SECTION. 


The meetings of this Section will take place . 
on the following Thursday afternoons, at 4.30 
o’clock :— 

December 5, January 16, February 6, March 13, 
April 17, May 1. 


COLONIAL SECTION. 


The meetings of this Section will take place 
on the following Tuesday afternoons, at 4.30 
o’clock :— 

December 17, February r8, March 18, April 22. 


APPLIED ART SECTION. 


The Meetings of this Section will take 
place on the following Tuesdays, at 4.30 or 8 
o’clock :— 

January 21, February 4, March 4, April 8, May 6, 
rae 


CANTOR LECTURES. 

The following courses of Cantor lectures 
will be delivered on Monday evenings, at 8 
o'clock :— 

WILLIAM JAGO, F.C.S., F.I.C., “The 
Chemistry of Confectioners’ Materials and 
Processes.” Four Lectures. To be followed 

` by practical demonstrations. 

LECTURE I.— NOVEMBER 25.—Introduction.— 
Division into flour confectionery and sugar con- 
fectionery — Basis, flour, varieties of—Moistened with 
milk and eggs, made light by acrating ayents— Light- 
ening action of eggs. Practical Demonstration— 
Fancy biscuit making. 

LECTURE II,—-DriceMrer 2.— Flour Confectionery 
— Made rich by fats— Animal fats, butter, &c.— 
Vegetable fats—Made sweet by cane sugar, honey, 
malt extract, 
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LECTURE III.—DECEMBER 9.—Sugar Confect- 
jonery—Composition and properties of sugar; cane 
sugar, beet sugar, glucose, maltose—Principles of 
sugar boiling—Various sugar working operations— 
Sweets, their nutritious value. Practical Demon- 
stration —Sugar working and sweet making. 

LECTURE IV.—DECEMBER 16.—Confectionery— 
Flavoured by fruit, cherries, currants, raisins, nuts, 
walnuts, almonds; preserved fruits, jams, essential 
oils, lemon, orange, almonds; fruit essences; vanilla 
— Their composition and properties. Practical De- 
monstration—Piping and ornamentation of cakes. 

[The practical demonstrations are subject to 
alteration. | l 


SAMUEL RIDEAL, D.Sc., F.I.C., ‘‘ The Steri- 
lisation of Water.” Four Lectures. 
January 13, 20, 27, February 3. 

CYRIL DAVENPORT, ‘‘ Jewellery.’’ 
Lectures. 

February 10, 17, 24. 

J. D. GEDDES, ‘“‘ Application of Photography 
to Printing.” Three Lectures. 
March 3, 10, 17. 

RICHARD T. GLAZEBROOK, M.A., D.Sc., 
F.R.S., ‘“ Glass for Optical Instruments.” 
Four Lectures. 

April 14, 21, 28, May 5. 


Three 


JUVENILE LECTURES. 


Two Lectures, suitable for a Juvenile 
audience, will be delivered on Wednesday 
evenings, January 1 and 8, at Five o'clock, 
by SiR HENRY TRUEMAN Woop, M.A., 
Secretary of the Society, on ‘‘ Photography 
and its Applications. 


Proceedings of the Society. 


epee a 


CANTOR LECTURES. 
ALLOYS. 

By Str WILLIAM CHANDLER ROBERTS- 
AUSTEN, K.C.B., F.R.S., AND T. KIRKE 
Rose, D.Sc. 

Lecture IV.—By Dr. T. KIRKE ROSE. 
Delivered May 13th, 1901. 


RECENT RESEARCHES ON ALLOYS. 


Freparation of Micro-Sections. — The 
study of alloys with the aid of the micro- 
scope has made rapid advances since the 
last series of Cantor Lectures on Alloys 
was given, and the methods of preparing 
sections for examination are gteatly improved. 
The ordinary system of cutting, filing, and 


polishing on emery and rouge wheels has been 
frequently described, and is now well known. 
The size of the particles of emery or rouge on 
the various discs is of the utmost importance. 
M. le Chatelier has lately shown* that the 
best powders are obtained by suspending the 
finely-ground material in distilled water to 
which a little ammonia has been added, and 
separating the powders, which settle to the 
bottom in different periods of time. The 
particles which reach the bottom in from one 
to eight days are those which are the most 
generally useful in polishing the surfaces of 
alloys. 

Le Chatelier expresses the opinion that 
alumina prepared from the calcination of 
ammonia alum is better for the later stages 
of polishing than commercial flour energy, and 
that the final polish, especially of soft metals, 
should be effected with oxide of chromium 
resulting from the calcination of bichromate of 
ammonium, or less advantageously with oxide 
of iron. 

Another of Le Chatelier’s suggestions had 
previously occurred to Mr. Stead and been 
used by him. This is to shorten the time 
required for the investigation of a series of 
binary alloys by melting the two metals 
separately, and pouring the lighter metal on 
to the surface of the one of greater density. 
After solidification has taken place, a vertical 
saw cut is made through the culot, and the 
surface of the section is polished and etched. 
A certain amount of mixing takes place under 
these circumstances, and the ingot consists of 
pure metal at each end with a gradation from 
one to the other at intermediate points. 

[Specimens prepared by Mr. Stead in this 
way were here exhibited. ] 

Instead of etching, the structure can some- 
times be developed better by heating the 
specimens in air, when surface oxidation causes 
the different constituents to assume different 
colours. The vapour of iodine also, sometimes 
brings out the structure of these specimens. 
By the examination under the microscope of 
ingots prepared in this way, the various com- 
pounds and the eutectic may be detected, and 
their approximate composition guessed at. 

Casting on Flat Surfaces.—An important 
advance was made in the preparation of 
sections of metals for examination by the 
microscope, by Prof. Ewing’sf suggestion that 
alloys should be melted and cast on glass or 
steel instead of being filed flat and polished. 


© Bull. de la Sac. d’'Encouragement,"’ Sept., 1900. 
+ “ Phil. Trans,’ vol. 193 A., p. 355- 
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It was afterwards pointed out by Mr. Hannover” 
that there were advantages in casting on mica 
instead of on glass, the difficulties due to the 
cracking of glass being thus avoided. With 
care, yery smooth, flat preparations can be 
made in this way, the method being especially 

aluable in the case of either very brittle or 
very soft alloys of low melting point. It has, 
however, been found by Mr. W. Campbell that 
such preparations do not invariably show the 
true structure of the metals, and that by re- 
moving the surface layer a structure is exposed 
totally different from that observed on examin- 
ation of the surface of the casting. 

Eutectic Alloys.—Eutectic alloys have a 
number of characteristics in common. They 
have a lower melting point than that of any 
mixture containing their constituents in 
different proportions, and these constituents 
may be either elements or chemical com- 
pounds ; and they consist, not of a single solid 
solution, but of a mixture of two solid solutions. 
These two solutions separate from each other 
only at the very moment of solidification of a 
single solution, and consequently the crystal- 
line particles are very small, and the structure 
minute. The separation of the eutectic may 
be effected by allowing a mixture to solidify 
partly. and then pouring or squeezing out the 
melted portion. 

The characteristic appearance under high 
magnifications is that of alternate bands of 
light and dark material. For example, the 
eutectic of iron and carbon is composed of 
curved bands ot hard cementite standing out 
in relief, and of soft ferrite forming furrows 
between them. Mr. Stead points out,t how- 
ever, that the eutectics present themselves 
under many other forms. The eutectic of 
silver and lead isolated by Mr. Savile Shaw is 
found to consist of sfraight bands. Some- 
times the bands are broken up into dots, the 
cellular structure, as in the case of the 
eutectic of phosphorus and iron containing 
10°'2. per cent. P and 8g°8 per cent. iron. 
When rapidly cooled, certain eutectics assume 
a Shherulitic structure, as in the alloy of lead 
and antimony, containing 87°3 per cent. lead 
and 12°7 per cent. antimony. The two con- 
stituents begin to solidify from nuclei, and 
grow outwards from these, yielding a mass 
with an appearance resembling that of certain 
minerals. 

When cooled slowly, some eutectics assume 


e « Bull. de la Soc. d'Encouragement,’’ Aug., 1900, p. 211. 
+ “Metallic Alloys,” Cleveland Inst. Mining Engineer- 
ing, Dec. rth, 1900. 
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geometric crystalline forms, which break up 
internally into the usually banded structure as 
in the triple alloy, containing 80 per cent. lead, 
15 per cent. antimony, and 5 per cent. tin. 
The eutectic alloy of antimony and copper 
(Fig. 1), by the different orientation of the 
alternate hard and soft plates in adjacent 
masses, also shows signs of the formation of 
large crystalline grains. 

Mr. Stead thinks it probable that the geo- 
metric forms are determined by the crystalline 
habit of the hard constituent, and further rce- 
search is needed to determine whether there is 
any disposition on the part of the homogeneous 
liquid solution to crystallise as a whole, a dis- 
position which is instantly modified as solidifi- 
cation takes place, and the solution breaks up 
into two solid solutions. 


EuTecTic ALLOY OF ANTIMONY AND COPPER. 


There is, at any rate, no essential reason 
apparent why the structure of eutectics should 
be so exceedingly fine ground. Perhaps by 
heating eutectics to a little below their melting 
points for long periods of time, the constituents 
may be more completely separated, and studied 
with greater convenience. 

Alloys of Gold and Copper.—The banded 
structure of ordinary eutectics, however, may 
be of value in investigations on certain series 
of alloys. Take, for example, the case- of 
the. alloys of gold and copper, which are of 
great practical importance on account of their 
use in coinage and inthe arts. It has long 
been supposed that these alloys consist of 
homogeneous mixtures, so that if proper care 
is taken in melting gold and copper together, 
and casting ingots or bars in suitable moulds, 
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no part of the whole mass shows any divergence 
from the mean composition, and the diff- 
culties, due to segregation, which are en- 
countered in the coinage of silver - copper 
alloys, are not to be feared. 

On examining the cooling curves and micro- 
structure of the gold-copper series, however, it 
was found* that they showed marked similari- 
ties to the silver-copper series (see Fig. 2). The 
alloy of lowest melting point contains in each 
case about 40 atoms of copper to 60 atoms of 
gold or silver respectively, and the general 
shapes of the curves are similar. The alloys 
of lowest melting point in each case are brittle, 
aad break with a conchoidal fracture, which is 
characteristic of homogeneous or exceedingly 
fine-grained substances, and the characteristic 
banded structure of eutectic alloys is seen 
clearly in both of them. 


FIG. 2. 
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EQUILIBRIUM CURVES OF THE GOLD-COPPER AND 
SILVER-COPPER SERIES. 


Segregation takes place on solidification of 
those alloys in each case which are rich in the 
precious metals; but a difference shows itself 
here, standard silver ingots being richer in 
silver in the interior, and standard gold ingots 
having their richest parts at the outside of the 
mass. The differences are, however, greater 
in the case of the silver alloys than in those of 
the gold. 

These results lead to the conclusion that 
the trial plates, used according to law in the 
verification of the composition of the coinage, 
should be made of pure gold and pure silver, 
and that when the standard silver trial plate 
is abandoned, the standard gold trial plate 
should accompany it. 

Chemical Compounds in Alloys.—The 
discovery and investigation of the properties of 
true chemical compounds of two or more metals 
existing in alloys is beset with difficulties, 


e “Proc. Royal Society,” vol. 67 (1900), p. 105. 


because they can only occasionally be sepa- 
rated in a pure state, and the belief even in 
their existence is generally based on indirect 
evidence, sometimes of rather an illusory 
nature. Their properties generally have no 
marked differences from those of the elements 
of which they consist, and they have been 
compared* to ‘‘the somewhat intangible 
bodies formed by the union of the halogens 
with each other and with sulphur.’’ Even 
when the composition of a compound of two 
metals has been determined, it cannot in 
general be prepared by melting together the 
correct proportion of each metal. The com- 
pounds dissociate readily, and may require the 
presence of considerable amounts of their un- 
combined constituents to enable them to exist. 
The result is that many compounds may pass 
unobserved even after careful study of the 
alloys formed of their constituent metals. The 
methods by which these compounds have been 
discovered, are described and discussed by 
Mr. F. H. Neville. The most important, are 
the use of freezing-point or equilibrium curves, 
and of the microscope. Thus, forexample, the 
freezing-point curve of the aluminium-anti- 
mony series, traced out by M. Gautier, shows 
that almost all these alloys melt at tempera- 
tures higher than that of either of the con- 
stituent metals. It is evident, therefore, that 
a compound is formed with a very high melt- 
ing point, and most of the alloys consist of 
mixtures of this compound with one or other of 
the metals, according to the composition. 

A still more remarkable case is afforded in 
the freezing-point curve of the gold-aluminium 
series, shown in Fig. 3, which is due to Messrs. 
Heycock and Neville.t In this curve two 
maxima show without doubt the melting points 
of nearly pure compounds which dissociate but 
little. The lower one is the white alloy, Au. Al, 
and the upper one is the well-known purple 
alloy, AuAl,, discovered and studied by Sir 
William Roberts - Austen. There is some 
evidence, moreover, that B gives the freezing 
point of a compound, AwAl, D the freezing 
point of a compound, Au;Al,, and that near 
G is the freezing point of a compound, AuAl. 
Microscopic evidence supports the existence of 
all these five compounds. 

Compounds, however, can sometimes be 
actually isolated and analysed, cither by sepa- 
rating the portions of an alloy first solidified, 
or by dissolving away the other constituents 

* F. H. Neville, ‘‘ Report of the Bradford Meeting of the 
British Association,” p. 131. 

+ “ Phil. Trans. Royal Society,” vol. 1944 (1901), p. 20r. 
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by suitable solvents. Thus, for example, as 
was shown by Stead, microscopic examination 
of the alloy containing 75 per cent. of tin and 
25 per cent. of antimony, shows the presence 
of a body which appears to be a compound. 


FIG. 3. 
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On attacking the alloy with dilute hydrochloric 
acid, the ground mass, consisting chiefly of 
tin, is dissolved away, and cubic crystals 
isolated, which have been proved to be anti- 
monide of tin, having the formula SnSb. 


FIG. 4. 


CRYSTALS OF A COMPOUND OF COPPER AND TIN. 


Similarly, in a mass of phosphor-tin, the excess 
of tin can be dissolved away by dilute hydro- 
chloric acid, and the separated crystals dis- 
covered to consist of phosphide of tin, having 
the formula Sn3P2. Another instance is 
afforded by the crystals of the copper-tin com- 


pound (Fig. 4) formed in the alloy, containing 
2 per cent. Cn and 98 Sn, and separated by 
dissolving away the tin by hydrochloric acid. 
In all, Neville enumerates 37 inter-metallic 
compounds,* while admitting that the list 
cannot be regarded as complete. Some of 
these, especially in the case of the compounds 
of metals with metalloids, present formulz that . 
would be expected from the known valencies of 
the elements, such as Na;Sb, Na;As, and 
Ag;Sb. On the other hand, compounds such 
as NaHg;, SnCu, and PbK are more re- 
markable. The first of these belongs to a type 
which is not uncommon, and it seems probable 
that the alkali metals which are monovalent to 
oxygen, are polyvalent in alloys. The most 
stable compounds, however, as Neville also 


Fic. 5. 


ALLOY OF TIN, ANTIMONY AND COPPER POLISHED 
AND ETCHED. 


points out, giving the most strongly marked 
summits in freezing-point curves, occur when a 
strongly positive metal, such as sodium or 
aluminium, is alloyed with a metal such as anti- 
mony, lead, or gold, which is far removed from 
it in the electro-chemical series. 

Antifriction Alloys.—One of the most in- 
teresting studies on alloys in recent years is 
that by G. Charpy,t of the special alloys used 
for bearings or antifriction alloys. He was led - 
to the conclusion already arrived at by Behrens 
in the case of alloys of tin, antimony, and 
copper,{ that they all consist of hard grains 
embedded in a plastic alloy. <A typical case is 
shown in Fig. 5, which shows an alloy consist- 


oan Report of the British Association,” Bradford meeting, 
p. 146. 
+ “ Das Mikroscopische Gefuge von Mctallen und Zegie- 


rungen,” 1894, p. 60. 
+ “ Bulletin de la Société d’Encouragement pour l'Indus- 


tric Nationale,” June, 1898. 
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ing of 83°33 per cent. of tin, I1°11 per cent. of 
antimony, and 5°5 per cent. of copper, after 
polishing, and etching with hydrochloric acid. 
Cubic crystals of a compound consisting of 
antimony and tin (SbSn according to Charpy, 
SbSn, according to Behrens) are shown, and 
also star-like crystals of a compound of tin and 
copper (SnCns according to Charpy, SnCn 
according to Behrens). These compounds are 
set in aeutectic containing all three metals. 
In order to find out what actually takes place 
during the wearing of the alloy, it is according 
to Charpy only necessary to polish the alloy 
without etching it. The result is shown in 
Fig. 6, where the star-like crystals of the 
hard copper-tin alloy are seen in relief. 

The load is carried by the hard grains which 


THE SAME POLISHED WITHOUT ETCHING. 


have a low co-efficient of friction and are not 
easily subject to the accidents known as ‘‘ hot- 
box ’’ and ‘‘ cutting ’’ when there is an abrupt 
and very great increase in the co-efficient of 
friction. When an axle is placed in a new 
bearing, however, contact between the two 
takes place only in a small number of points, 
and if both axle and bearing are hard and 
unyielding, heating rapidly ensues. To avoid 
this and to allow for irregular wear, and also 
for irregularities of adjustment in erecting a 
shaft carried by several bearings, the matrix of 
the anti-friction alloy must be soft and plastic 
so as to mould itself to the axle during the 
running, and yet must be strong enough to 
carry the load without permanent distortion. 

It is well to add that Behrens and Baucke* 
do not agree with Charpy. They find the 
star-like crystals are too brittle to stand much 


e “ Metallographist,” January, 1900, P, 4, 


pressure and crumble badly. If, however, the 
metal is cast at a proper temperature, the 
fragments worn off are largely spheroids in 
shape, consisting of worn cubes of the antimony 
tin alloy, and these mixing with the oil form a 
ball cushion, so that a rolling instead of a 
sliding friction is set up. 

Surfaces of Fusibility.—Lead and anti- 
mony form alloys suitable for the bearings of 
axles, but in general binary alloys are not 
suitable, and ternary, or even more complex 
mixtures are employed. In studying these, 
M. Charpy showed that just as the constitu- 
tion of binary alloys can be deduced from their 
curves of fusibility, so that of ternary alloys 
can be ascertained by the construction of sur- 
faces of fusibility. 


FIG. 7. 
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CONSTITUTION OF TERNARY ALLOYS, 


Thus, in Fig. 7, the points, A, B, C, are the 
apices of an equilateral triangle, and any 
point, M, inside the triangle corresponds to a 
particular ternary alloy, the distances from the 
three sides, the sum of which is constant, re- 
presenting the proportions of the three metals. 
If, now, a line is raised from the point, M, 
perpendicular to the plane of the triangle, 
and its height made proportional to the 
temperature of fusion of the alloy, and the 
same procedure is followed for all points inside 
the triangle, surfaces of fusibility are traced 
out resembling that shown in Fig. 8. 

Crystalline Structure of Meta/s.—Both 
Osmond and Stead* have argued that the 
polygonal granules of ferrite with irregular 
boundaries found in iron and steel containing 
but little carbon should be called grarns or 
allotriomorphic as opposed to ideomorphic 


* “ Mctallographist,’? Oct., 1898, p. 289. 


November 15, 190%.) 


JOURNAL OF THE SOCIETY OF ARTS. 


863 


crystals. Crystallisation begins in a number 
of centres and proceeds until the areas meet. 
This granular structure of pure metals seems 
to be quite universal. The crystalline elements 
in a grain are all ranged in the same direction 
or have the same orientation, but the elements 
of two adjacent grains have different orienta- 
tion. The result of this is that when light is 
thrown obliquely on the surface of a pure metal, 
it appears to consist of light and dark grains, 
but these are all of the same kind, as may be 
proved by rotating a specimen, when the dark 
grains become light and the light ones become 
dark. 

Enantiomorphy of Tin.—Reference has 
often been made in these lectures to the three 
allotropic forms of iron. A similar case is that 
of tin, in which two different forms are known, 
as has lately been shown by Cohen and 
Van Eyck.* At low temperatures tin is con- 


Fic, 8, 


SURFACE OF FUSIBILITY OF TENALY ALLOYS. 


verted into a grey powder, and this on heating 
is again converted into the original form. The 
critical temperature when both forms can exist 
in equilibrium is about 20°C., or the tempera- 
ture of an English summer day. Below this 
temperature grey tin tends to be formed, the 
maximum rate of change being at — 48°. The 
change from white tin is accelerated by con- 
tact with grey tin, so that if the change once 
begins it goes on at an increasingly rapid rate. 
An antique vase, dug up in Hampshire, and 
supposed to date from the 4th century, was 
found to consist almost entirely of grey tin, 
and the greatest care was necessary to prevent 
it from falling into powder. 


*“ Proc. K. Akad, Wetensch, Amst.rdam,” 1899, vol. ii. 
Pp 77,149, and 28r. 
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Professor Silvanus P. Thompson, ‘‘The Optical 
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of Sewage into a Tidal Estuary.” 2. Mr. William 
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Microscope.” by Mr. Conrad Beck. 2. Prof. G. 
P. Girdwood, ‘‘ Stereomicrography.” 

Tuurspay, Nov. 21...Royal, Burlington-house, W., 4} p.m. 

Linnean, Burlington-house, W., 8 p.m. Mr. B. 
Daydon Jackson, “ Report on the Botanical Publi- 
cations of the United Kingdom,” 

Chemical, Burlington-house, W., 8 p.m. 1. Mr. H. 
C. H. Carpenter, ‘‘ The Oxidation of Sulphurous 
Acid to Dithionic Acid by Metallic Oxides.” 
2. Mr. A. Mackenzie, ‘Optionally Active 
B—Hydroxybutyric Acids.” 3. Mr. H. P. Stevens 
“The Hydrochloride of Thiocarbamide.” 4. 
Messrs. F. B. Power and F. H. Lees, ‘* The Con- 
stituents of the Essential Oil of Asarum Cana- 
dense.” 5. Messrs. J. B. Cohen and H. D. Dakin. 
“ Note on the Reduction of Trinitrobenzene and 
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London Institution, Finsbury-circus, E.C., © p.m. 
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Electrical Engineers, 25, Great George-street,S.W., 
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Mining and Metallurgy, in the Room of the Geo- 
logical Society, Burlington-house, W., 5 pm. 
Papers by Mr. S. J. Truscott, Mr. C. R. Pinder, 
Mr. W. F. A. Thomas, and Mr. Horace L. Short. 
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Burlington-house, W., 5 p.m. 1. (a) Prof. W. 
Cassie, ‘‘ Multiple Transmission Fixed Arm Spec- 
troscopes;’’ (4) “The Measurement of Young's 
Modulus.” 2. D. P. Ch>ppuis Notes on 
Thermometry.”” Part I 
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Brewers’ Guardian. 

Brewers’ Journal. 

British Indian Commerce. 

British Refrigeration. 

British Trade Journal. 

Building Societies’ Gazette. 
Cabinet Maker and Art Furnisher. 
Caterer and Refreshment Contractors’ Gazette. 


Coach Builders’ and Wheelwrights’ Art Journa’. 


Dyer and Calico Printer. 
Educational Times. 

Engineering Magazine (New York). 
Engineering Times. 

Feilden’s Magazine. 

Giornale del Genio Civile (Rome). 
Indian and Eastern Engineer. 
Indian Import and Export Trades Journal. 
Industries (Durban), 

Ingeniero Espaiiol. 

Inventors’ Review. 

Irish Textile Journal. 

Journal d’ Hygiéne. 

Journal of Acetylene Gas Lighting. 
Labour Co-partnership. 

Leather Trades’ Review. 
Machinery Market. 

Marine Engineer. 

Mercantile Guardian. 

Miller. 

Mois Scientifique et Industriel. 
Moniteur Scientifique. 


Music. 
Musical Times. 


_ Oestereichische Monatsschrift für den Orient. 


rp ee  a ated 
dl aIla Á 


` a ms ne a a 


Paper Makers’ Monthly Journal. 
Philosophical Magazine. 


Piano, Organ, and Music Trades Journal. 


Plumber and Decorator. 


Polytechnisches Centralblatt (Berlin). 


Pottery Gazette. 

Propriété Industrielle (Berne). 

Railway Engineer. 

Revue du Travail, Brussels. 

Saddlers, Harness Makers, and 
Gazette. 

Science Abstracts. 

Science Gossip. 

Sugar Cane. 


Carriage Builders’ 


Symons’s Meteorological Magazine. 


Textile Manufacturer. 
Textile Recorder. 
Textile World (Boston). 


Watchmaker, Jeweller, and Silve: 


West Indian Bulletin. 


Quarterly. 
Climate. 
Edinburgh Review. 
Essex Review. 


smith. 


Metallographist (Boston, U.S.A.). 


Quarterly Review. 


NEWSPAPERS. 
African Review. 
Banbury Advertiser. 


Bombay Gazette (Overland Summary). 


British Australasian. 
Cape Times (Weekly Edition). 


Ceylon Observer (Overland Edition). 


Daily Inter Ocean (Chicago). 
Englishman (Calcutta). 
Hindu (Madras). 
Home and Colonial Mail. 
London Commercial Record. 
London and China Telegraph. 
Madras Weekly Mail. 
Newcastle Weekly Chronicle. 
Nottinghamshire Guardian. 
Pioneer Mail (Allahabad), 
Shipping Gazette 
Summary). 
South Africa. 
Straits Budget (Singapore). 


and Lloyd’s List 


(Weekly 


Times of Ceylon (Weekly Summary). 
Times of Irdia (Overland Weekly Edition). 
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INDEX TO VOL. 


XLIX. 


A. 


Ablett, A. R., disc., school work in its relation to business, 
499 
Abney, Sir William, K.C.B., F.R.S., charr, photography of 
natural colours by the McDonough-Joly method, 131; 
appointed a vice-president, 417 
Acetylene in Germany, 43 
Africa, coffee cultivation in British Central, /effer by K. J. 
Cameron, 652 
Agricultural prizes in Italy, 640 
Albert medal, list of awards, 269, 289; award accepted by the 
King, 537 ; presentation tothe King at Marlborough-house, 
591; annual report, 6c8 
Alfred jewel, 699 
Alldridge, T. J., disc., malaria and mosquitoes, 26 
Alverstone, Lord, G.C.M.G. (Lord Chief Justice), chair, 
patent law reform, 431 
Annam and Madagascar, tea and coffee production in, 84 
Archibald, Douglas, disc., treatment of London sewage, 53 
Architecture (Romanesque) in North Italy, some examples 
of, faper by Hugh Stannus, 369 
Armstrong, Lord, C.B., F.R.S., obituary, 95 
Armstrong, Prof. Henry E., LL.D., F.R.S., chair, arsenic in 
beer and food, 197 
Arsenic in beer and food, faper by William Thomson, 19ù; 
letter, E. Packard, 231 
Art (APPLIED) Section :—Meetings of the committee, 17, 
521, 833; annual report, 606; list of committee, 690 
1st Meeting :—‘‘ Cameos,” by Cyril Davenport, 141 
and Meeting :—“‘ Recent advances in pottery decoration,’ 
by William Burton, F.C.S., 213 
3rd Meeting :—‘‘ Early playing cards, their design and 
decoration,” by Robert Steele, 317 
4th Meeting :—*‘ Some examples of Romanesque archi- 
tecture in North Italy,” by Hugh Stannus, F.R.I.B.A.., 
369 
Sth Meeting :—“ The true principles of stage scenery,” 
by Percy Fitzgerald, M.A., 381, 445 
6th Meeting :—‘‘ The rise and development of Egyptian 
art,” by Prof. W. M. Flinders Petrie, D.C. L., 593 
Postponement of Mr. Cecil's Smith’s paper on Greek 
vases, 369 
Art education, elementary, Cantor lectures by J. Liberty 
Tadd [abstract], 725; sy//adus, 112, 140 
Artillery (modern), faper by Lieut. A. R. Dawson, 271 
Assam, lac industry of, 192 
Australia, commonwealth of, faper by Sir John A. Coch- 
burn, K.C.M.G., 38r 
-, opal mining in, 685 
Australian hard woods—jarrah and karri, 737, 760 
leather, 42 
— lighthouses, 546 
Austria, coal production of, 65r 
-, glove industry of, 152 
~———-, mineral springs of, 617 
, ozokerite or mineral wax in, 712 
-, peat wood in, 723 
Ayrton, Prof., F.R.S., disc., patent law reform, 442; chair, 
syntonic wireless telegraphy, 505 


B. 


Baden-Powell, B. H., C.I.E., obituary, 138 

Bagasse, approximate value of, as fuel, 517 

Pahrein pearl fisheries, 314 

Raillie, C. J. Innes, Zetter, pure beer, 138 

Baines, J. A., C.S.I., de¢fer, railways and famine, 30t 

Raker, Sir Benjamin, K.C.M.G., F.R.S., chair, modern 
artillery, 27t 


Bale, Edwin, presentation of medal to, for his pape: on 
artistic copyright, 15 
Barcroft, Henry, Zetter, Thames steamboat service, 519 
Barry, Sir John Wolfe, K.C.B., F.R.S. (see Wolfe-Barry) 
Bayley, Sir Steuart Colvin, K.C.S.I., C.I.E., chatr, siege of 
Ladysmith, 57; disc., railways and famine, 296; chair, 
growth and trend of Indian trade, 333 
Beaumont, W. Worby, disc., road traction, 39; disc., some 
experiences of motor bicycles, 189 
Beer, arsenic in, and food, paper by William Thomson, 168; 
letter, E. Packard, 23t 
—- (pure), letter by C. J. Innes Baillie, 138 
Behr, F. B., afer, the proposed high-speed electrical mono- 
rail between Liverpool and Manchester, 305 ; award of 
silver medal for his faper, 592 
Belgian vicinal railways, 66, 639 
Belhaven and Stenton, Lord, disc., malaria and mosquitoes, 26 
Bell, Horace, Jager, railways and famine, 290 
Be'lairs, Lieut. Carlyon W., R.N., disc., growth and trend 
of Indian trade, 355 ; faper, coal problem: its relations to 
the Empire, 549; award of silver medal for his faper, 592. 
Bengal, cinchona cultivation in, 721 
Benn, J. W., disc., road traction, 40 
Bernard, Sir Charles Edward, K.C.8.I., obituary, 784 
Bhownaggree, Sir M. M., K.C.1.E., M.P., disc., metalli- 
ferous mining in India, 174; disc., railways and famine, 
298; disc., town and island of Bombay, 587 
Bicycles (motor) some experiences of, safer by Joseph 
Pennell, 18r 
Binnie, Sir Alexander, ckair, road traction, 30 i 
Birdwood, Sir George, K.C.I.E., C.S.I., Zetter, etymology of. 
cameo and the classification of “ gems,” 177 ; disc., the out- 
look of the world’s timber supply, 264; /e/fers, historic 
development of the art of mosaic, 265, 315; appointed a 
vice-president, 417; disc., the Greek retreat from India, 
428; disc.. true principles of stage scenery, 451; chair, town 
and island of Bombay, 569; Zetter, Madras presidency, 651 ; 
letter, forestry in India, 757 
Birdwood, Herbert, LL.D., Zetter, town and island of 
Bombay, 618 
Bisset, Col. Sir William, K.C.I.E., disc., railways and 
famine, 298 
Black, W. V., Zelter, testing and training distant vision, 568 
Bliss, Sir Henry William, K.C.I.E., disc., Madras, the 
southern satrapy, 486 
Bolivia, mineral wealth of, 723 
Bombay, town and island of, past and present, faper by 
L. R. Windham Forrest, 570; /efters, Herbert Birdwood, 
618; R. F. Chisholm, 620 
Books, NOTES ON :— 
Art (National) Library Classed Catalogue, Heraldry, 747 
Cotgreave, A., Contents—Subject Index to General an 
Periodical Literature, 747 
Cotton, General F. C., Water and Great Rivers of 
India, 747 
Hinton, A. H., Practical Pictorial Photography, 688 
Patent Office Library, Subject Lists, 747 
Piper, C. W., First Book of the Lens, 820 
Scheele, C. W., Chemical Essays, 747 
Watts, Francis, Nature Teaching in Agriculture, 760 
Botanic (royal) garden, Calcutta, 771 
Boule monument, 760 
Boult, W. S., disc., high-speed electrical monorail between 
Liverpool and Manchester, 313 
Boyle, Sir Cavendish, K.C.M.G., disc., British West 
Indies, 544 
Boyle, Sir Courtenay E., K.C.B., obituary, 536 
Boys, C. V., F.R.S., disc., some experiences of motor 
bicycles, 190 
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Bramwell, Sir Frederick, Bart., D.C.L., F.R.S., vote of | Clocks, carillons, and bells, faper by A. A. Johnston, 359; 


thanks to Sir John Evans, 16; disc., motor bicycles, 191° 
Zetter, high-speed electrical monorail, 331; elected 
President, 38r ; chair, the Thames steamboat service, 453 

Branford, V., disc., motor bicycles, 191 

Brassey, Lord, K.C.B., chaz'r, coal problem, its relation to 
the empire, 549 

Brazil, coffce cultivation in, 674 

Bromhead, S. S., disc., clocks, carillons, and bells, 366 

Brough, Bennett H., Zetter, origin of scientific societies, 27 

Brown, J., disc., road traction, 39 

Brunton, Sir T. Lauder, M.D., F.R.S., disc., arsenic in beer 
and food, 205 

Bryce, Right Hon. James, F.R.S., chair, the commonwealth 
of Australia, 381 

Buckland, Charles, od:fuary, 380 

Burton, William, F.C.S., pager, recent advances in pottery 
decoration, 213; award of silver medal for his fager, 592 

Butter (cocoa nut) production in Germany, 531 

, manufacture in, Zetter, F. T. Loder, 700 

Buxton, Sir Thomas Fowell, G.C.M.G., disc., the commone 
wealth of Australia, 39r i 


C. 


Cadell, George, Zetter, forestry in Madras, 676 
Cadett, J., disc., testing and training distant vision, 532 
Calcutta, royal botanic garden, 771 
Calendar of the session, 1900-1901, 4 
Cameo, etymology of, fe¢fer, Sir George Birdwood, K.C.I.E., 
177 
Cameos, faper by Cyril Davenport, 141 
Cameron, Kenneth J., éetfer, coffee cultivation of British 
Central Africa, 652 
Campbell, C. E., disc., malaria and mosquitoes, 26 
Canada, nickel industry in, 329 
—, unexplored, 698 
Cantor Lectures :—Annual report, 607 
1st Course :—* Electrical oscillations and electric waves,” 
by Prof. John A. Fleming, M.A., D.Sc., F.R.S., 69, 86, 
97,113; syllabus, 2 
2nd Course:—‘‘Elementary art education,’ by J. 
Liberty Tadd; [abstract], 725; syd/abus, 112, 140 
3rd Course :—“ The bearings of geometry on the chemistry 
of fermentation,” by W. J. Pope, 677, 690, 701, 713; 
Syllabus, 196 
4th Course :—“ Electric railways,” by Major P. Cardew, 
641, 653, 655; sy/ladus, 288 
sth Course :—“ Alloys,’ by Sir William Chandler Roberts- 
Austen, K.C.B., F.R.S., and T. Kirke Rose, D.Sc., 
846, 858; syZ/adbus, 416 
Cardew, Major P., Cantor lectures, electric railways, 641, 
653, 665; syllabus, 288 
Cards, carly playing, their design and decoration, paper by 
Robert Steele, 317 
Carpmael, Edward, disc., patent law reform, 441 
Carrara marble industry, 393 
Carriage (British) manufacturers, Institute of, offer of scholar- 
ships, 415 
Carteighe, Michael, F.C.S., chair, annual general meeting, 
Gor 
Carter, R. Brudenell, F.R.C.S., carr, treatment of London 
sewage, 45; paper, testing and training distant vision, 522 ; 
thanks of council for his pager, 592 
Carter, Tremlett, drsc., high-speed electrical monorail be- 
tween Liverpool and Manchester, 314 
Cassal, C. E., disc., arsenic in beer and food, 207 
Cates, Arthur, F.R.I.B.A., obituary, 536 
Champagne, bottling of, 760 
Chestnut cultivation in France, 734 
China crisis—its causes and solution, paper by Joseph 
Walton, M.P., 233 
Chisholm, R. F., defer, town and island of Bombay, 620 
Cider, production of Normandy, 718 
Cinchona, cultivation in Bengal, 721 


letters, S. B. Goslin, 380; A. O. Granger, 467 

Clowes, Prof. Frank, D.Sc., aper, treatment of London 
sewage, 45 

Coal, output of, from the Scottish coalfields, 831 

——- problem, its relations to the Empire, paper by Lieut. 
Carlyon W. Bellairs, R.N., 549 

production in the United Kingdom, 1900, 700 

of Austria, 65r 

(canal) transport, 724 

——-- dust, consumption of, in Germany, 414 

Cobb, B. Francis, odsfuary, 414 - 

Cockburn, Sir John A., K.C.M.G., faper, the commonwealth 
of Australia, 38r ; award of silver medal for his paper, 592 

Cocoanut butter in Germany, 535 

———— manufacture in England, Zetter, F. T. Loder, 


700 
Coffee consumption of the wérld, 684 

cultivation in Brazil, 674 

British Central Africa, Zetter by K. J. 


Cameron, 652 


Spain, 724 
production in Annam and Madagascar, 84 
Cole, Alan S5., disc., cameos, 146 
Colomb, Sir John C. R., K.C.M.G., M.P., disc., coal problem, 
$64 
CoLoNiaL SECTION :—List of committee, 690; meetings of 
committee, 5, 821; annual report, 605 
1st Meeting :—“ The China crisis: its causes and its 
solution,” by Joseph Walton, M.P., 233 
2nd Meeting :—“ The commonwealth of Australia,” by 
Sir John Alexander Cockburn, K.C.M.G., 381 
3rd Meeting :—“ The British West Indies,” by Sir Nevile 
Lubbock, K.C.M.G., 537 
4th Meeting :—“ The coal problem: its relations to the 
Empire,” by Lieut. Carlyon W. Bellairs, R.N., 549 


Colquhoun, A. R., presentation of medal to, for his aper on 
Russia, Persia, and Afghanistan, 15 
Colvin, Sidney, chair, early playing cards, 317 


COMMITTEES :— 
List of sectional committees, 689 
Applied art, 17, 521, 833; report of council, 606 
Colonial, 5, 821; report of council, 605 
Indian, 17; report of council, 604 


Conversazione, notices, 445, 592, 621; annual report, 614 

Conway, Sir W. Martin, presentation of medal to, for his 
paper on some of the undeveloped resources of Bolivia, 
15; disc., rise and development of Egyptian art, 599 

Cooper, R. Elliott, disc., railway travelling, past and present, 
230; disc., high speed electrical monorail between Liver- 
pool and Manchester, 312 

Corbett, John, od:fuary, 467 

Cotton, Major-General F. C., ob:/uary, 820 

Council, raoo-1rsor, 1; election of Mr. Carmichael Thomas, 
17; Sir William Abney and Sir George Birdwood elected 
vice-presidents, 417; report, 602; new council, 1901, 19; 
annual report, 615; elected, 617; Sir W. H. Preece, 
K.C.B., F.R.S., elected chairman, 641 

Crane, Walter, disc., carly playing cards, 323 

Crewdson, C. N., disc., photography of natural colours by the 
McDonough-Joly method, 137 

Crompton, Col. R. E. B., disc., road traction, 38 

Cuba, sponge fisheries of, 686 

Cunningham, Lieut.-Col. Allan, disc., arsenic in beer and 
food, 207; disc., high speed electrical monorail] between 
Liverpool and Manchester, 313; drsc., clocks, carillons, 
and bells, 367; desc., testing and training distant vision, 
532 

Curve templates, 287 


D. 


Daniel, R. A., disc., clocks, carillons, and bells, 367 
Danvers, F. C., Zetfer, growth and trend of Indian trade, 394 
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Davenport, Cyril, presentation of medal to, for his Jager on 
niello work, 15; paper, cameos, 141 

Davies, Dizon, disc., railway travelling past and present, 229 

Davis, F. L., desc., coal problem, 565 

Dawson, Lieut. Arthur Trevor, safer, modern artillery, 271 ; 
award of silver medal for his paper, 592 

Day, Lewis F., disc., recent advances in pottery decoration, 
218 

Dent, Edward, disc., evolution of form in English silver 
plate, 329 

Dilke, Rt. Hon. Sir Charles W., Bart., M.P., presentation 
of medal to, for his faper on the century in our colonies, 15 

Didsy, Arthur, disc., the China crisis, 247 

Doe, Austin, disc., Thames steamboat service, 465 

Donald, James, /effer, malaria and mosquitoes, 55 

Drawing, prizes for, 609 

Puastan: Prof. Wyndham, R., F.R.S., disc., coal problem, 
505 

Dutt, Romesh, C.I.E., disc., railways and famirc, 299; disc., 
growth and trend of Indian trade, 357 

Dyason, J. S., disc., testing and training distant vision, 532 

Dyer, Sir William Thiselton, K.C.M.G., F.R.S., chazr, out- 
look of the world’s timber supply, 248 


E. 


Eborall, Alfred C., M.I.E.E., ZZoward lectures, polyphase 
electric working, 749, 761, 773, 785, 797, 809, 821, 833; 
syllabus, 395 

Eclipses, Juvenile lectures, by E. Walter Maunder, 85, 97 

Economics and commercial education, 819 

Education (art), elementary, Cantor lectures, by J. Liberty 
Tadd [abstract], 725; syéladus, 112, 140 

(commercial), school work in relation to business, 
paper by Sir Joshua Fitch, 488 
(commercial) and economics, 819 

Egyptian art, rise and development of, faper by Prof. Wm. 
Flinders Petrie, 593 

Electric (polyphase) working, Howard lectures, by A. C. 
Eborall, M.I.E.E., 749, 761, 773, 785, 797, 809, 821, 833; 
syllabus, 395 

railways, Cantor lectures, by Major P. Cardew, 

641, 653, 665; syllabus, 288 

tramways and asphalt pavements, 84 

Electrical oscillations and electric waves, Cantor lectures 
by Dr. J. A. Fleming, F.R.S., 69, 86, 97, 113; syllabus, 2 

Elliott, Sir Charles, K.C.S.1., Zetter, railways and famine, 
304 

Ellis, George B., disc., patent law reform, 442 

Elwes, Gervase, disc., metalliferous mining in India, 173 

Erhardt, W., Hans Wagner's new system of notation, sor 

Europe, population of, 782 

Evans, Sir John, K.C.B., F.R.S., chairman of council, open- 
ing address, 7; charr, risc and development of Egyptian 
art, 593 

Evans, Dr. John W., paper, metalliferous mining in India, 
153; lefler, 176 

EXAMINATIONS, SOCIETY OF ARTS, 190f, notice as to decree 

respecting the simplification of French syntax, 17: list 
of examiners, 29; report of council, 609; notices, 85, 
113; number of entries, 289; results, 601; resolution 
of directors of ‘‘ Kodak” respecting examinations, 96; 
1908, notice, 641; time-table for grades 1 and 2, 689 ; 
publication of programme, 749 

Music, practical examinations, t900, report of council, 
611; 1901, notice, 417; report of council, 612 ; results, 641 


EXHIRITIONS :— 
Austrian industrial art exhibitions, 546 
London modern illustration, notice of opening, 45, 86; 
opening, 152; notice of closure, 467; annual report, 
613 
Rouen, arts applied to decorating tissues, 548 
Eyesight—testing and training distant vision, paper by R, 
Brudenell Carter, F.R.C.S., $22; Zetters, C. F. Forshaw. 
548, W. V. Black, 568 


F. 

Farmer, John, od:/uary, 676 

Ferguson, John, presentation of medal to, for his faper on 
old and new Colombo, 15 

Fermentation, bearings of geometry in the chemistry of, 
Cantor lectures by W. J. Pope, 677, 690, 701, 713; sylla- 
bus, 196 

Finance, annual report, 615 

Financial statement, 1901, 589 

finch, B. T., C.I.E., disc., the Greek retreat from India, 430 

Fisher, Prof. W.R., disc., the outlook of the world’s timber 
supply, 264 

Fishing industry of Eastern Siberia, 710 

Fitch, Sir Joshua, LL.D., faper, school work in relation to 
business, 488; award of silver medal for his faper, 592 

Fitzgerald, Prof. G. F., F.R.S., obituary, 286 

Fitzgerald, Percy, faper, true principles of stage scenery, 445 

Fitzpatrick, Sir Dennis, K.C.S.I., chair, the Greek retreat 
from India, 417 

Fleming, Dr. Jobn ., F.R.S., Cantor lectures, electrical 
oscillations and electric waves, 69, 86, 97, 113; syllaðus, 2; 
disc., syntonic wireless telegraphy, 516 

Fletcher, F. W., disc., photography of natural colours by the 
McDonough-Joly method, 136; disc., high-speed electrical 
monorail between Liverpool and Manchester, 314; disc.’ 
clocks, carillons, and bells 367 

Foreign and Colonial Sectio (s-e Colonial Section) 

Forestier, Mons., disc., oat traction, 39 

Forestry in India, /effers Dr. W. Schlich, 735, 784, Sir 
George Birdwood, 757 

in Madras, Jeffers by Sir G. King, 620; G. Cadell, 


678 

Forests, Russian, 854 

Forrest, L. R. W., disc., railways and famine, 299; disc., 
growth and trend of Indian trade, 356; pager, town and 
island of Bombay, past and present, 570 

Forshaw, C. F., Zetter, testing and training distant vision, 548 

Foster, Prof. C. Le Neve, F.R.S., disc., metalliferous mining 
in India, 172 

France, chestnut cultivation in, 734 

Frankland, Dr. Percy, F.R.S., disc., treatment of London 
scwage, 52 

Freeman, H. S., disc., testing and training distant vision, 
533 

Fremantle, Admiral the Hon. Sir Edmund R., G.C.B., disc., 
the China crisis, 245; disc., coal problem, 564 

French syntax, simplification of, 640 

Furniture, Owen Jones’ prizes for designs for, annual report, 
609; list of awards, 737; notice, 749 


G. 


Gamble, J. 8., F.R.S., disc., the outlook of the world’s 
timber supply, 264 

Gardens (school), in Sweden, 676 

Gardner, J. Starkie, disc., evolution of form in English 
silver plate, 329 

Gardner, Walter M., Zetter, artificial light of the same 
character as daylight, 67 

Garnett, Dr. William, disc., school work in relation to 
business, 497 

Garton, C., drsc., arsenic in beer and food, 207 

Gaslight (incandescent), effect of, on plant growth, 54 

Geneva-Chamouni electric railway, 517 

Gerlich, Herr, disc., growth and trend of Indian trade, 357 

German industrial schools, 500 

Germany, acetylene in, 43 

-, consumption of coal dust in, 414 

— —, cocoa nut butter in, 535 

-, vocations of women in, 66 

Giffen, Sir Robert, K.C.B., F.R.B., disc., coal problem, 563 

Gill, Francis N. G., Indian sugar canes, 147, approximate 
value of bagasse as fuel 517; valuation of sugar canes 662. 

Glove industry of Austria, 152 

Gold fish industry, United States, 230 
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Goose trade in Berlin, 466 

Goslin, S. B., disc., clocks, carillons, and bells, 366; Zetter, 
380 

Granger, A. O., Zetter, clocks, carillons, and bells, 467 

Grant-Duff, Rt. Hon. Sir Mountstuart E., G.C.S.I., F.R S., 
chair, Madras the southern satrapy, 469 

Greek retreat from India, faper by Sir Thomas H. Holdich, 
K.C.LE., C.B., 417 

Green, W., annual meeting, 616 

Green, W. J., disc., testing and training distant vision, 533 

Gut strings, manufacture of, 41 


H. 


Halsey, Miss, presentation of medal to, for her paper on, 
some unfamiliar masterpieces of the Italian school, 15 

Hampden, Vincent, G.C.M.G., disc., the commonwealth of 
Australia, 391 

Harris, H. Graham, chair, railway travelling, past and 
present, 221 

Hele-Shaw, Prof. H. S., LL.D., F.R.S., paper, road trac- 
tion, 32 

Hills, Arnold F., Safer, the Thames steamboat service, 454 

Holden, Major H. C. L., R.A., F.R S., chair, some ex- 
periences of motor bicycles, 18r 

Holdich, Col. Sir Thomas H., K.C.I.E., C.B., pager, the 
Greek retreat from India, 417; award of silver medal for 
his paper, 592 

Hooker, R. H, disc., 
supply, 264 

Howarp Lectures : — Polyphase electric working, by 
Alfred C. Eborall, M.I.E.E., notice, 85, annual report, 607 
lectures, 749. 76%) 773» 785, 797, 809, 821, 833; syllabus, 
395 

Hudson (Sir William), Zetter, synthesis of indigo, 412 

Hutchins, D. E , presentation of medal to, for his £fe? on 
national forestry, 15 


the outlook of the world’s timber 


- 


I. 


Tce (artificial) production in the United States, 535 
Illustration (modern), exhibition of, notices of opening, 45, 
86; opening, 152; notice of closure, 437; annual 
report, 613 
Imray, John, disc., patent law reform, 440 
Ince, Surgeon Lieut.-Col. J., scrutineer, 602 ; 
meeting, 616, 617 
India, forestry in, Jeffers, Dr. W. Schlich, 735, 784; ide 
Birdwood, 757 
—, Khalam- Kan, the hand-painted cloths of, 708 
——-, shawl macufacture in, 686 
InpiAN Section :—Annual report, 604; list of committee, 
689; meetings of the committee, 17, 846 
ist Meeting : — “ Metalliferous mining in India,” by 
John W. Evans, D.Sc., 153; /etfervs, Dr. Evans, 176; 
A. Rogers, 177; W. Sowerby, 193 
2nd Meeting: — “ Railways and famine,’’ by Horace 
Hell, M.Inst.C.E., 290 
3rd Meeting :—The growth and trend of Indian trade— 
a forty years’ survey,” by Henry John Tozer, M.A., 
333 
4th Meeting: —“ The Greek retreat from India,” by 
Col. Sir Thomas Hungerford Holdich, R.E., K.C.1.E., 
C.B., postponed, 181; read, 417 
sth Meeting: — ‘‘ Madras, the southern satrapy,” by 
John David Rees, C.I.E., 469 
Gth Meeting: ‘Ihe town and island of Bombay -past 
and present,” by L. R, Windham Forrest, 55) 
Indigo (artificial), 395 
-, synthesis of, afer by Prof. R. Meldola, 397 
, natural and artificial, 746, 818 
Inwards, Richard, disc., romanesque architecture in North 
Italy, 380 
Iron in New South Wales, 519 
— incustry in Spain, 84 


annuali- 


Iron, steel, metal, and coal industries in Sweden, 720 
Ironstone in Sussex, 699 
Italy, agricultural prizes in, 640 


J. 

Jackson, Thomas G., R.A., chair, some examples of roman- 
esque architecture in North Italy, 369 

Jarrah and Karri hard woods, 737, 760 

Jet, structure and origin of, 796 

Jewish aud German colonies in Palestine, 547 

Johnston, A. A., disc., clocks, carillons, and bells, 359 

Journal, covers for, sof:ce, 85 

Justice, P. M., disc., patent law reform, 441 

Juvenile lectures, eclipses, by E. Walter Maunder, 85, 97; 
annual report, €o8 


K. 


Kahn, A., drsc., school work in relation to business, 498 

Kennedy, Capt., disc., syntonic wireless telegraphy, 516 

Kennedy, Sir C. M., K.C.M.G, C.B., detfer, the China 
crisis, 248 

Khalam- Kar, the hand-painted cloths of India, 708 

King, the, address from the Society of Arts on the death of 
Queen Victoria, 153; His Majesty consents to become 
patron, 381; accepts the Albert medal, 537; presentation 
to the King, 591 

King, Sir George, K.C.I.E., F.R.S., Zefter, forestry in 
Madras, 620 


L. 


Lac industry of Assam, 192 

Ladysmith, siege of, faper by W. F. Maud, 57 = 

Lankester, Prof. E. Ray, F.R.S., chair, malaria and mose 
quitoes, 17 

Lawrence, W. F., M.P., disc., British West Indies, 542 

Leather for bookbinding, annual report, 6r3; report of com- 
mittee, 62r 

(artificial), 820 

(Australian), 42 

Lectures, Cantor, see Cantor lectures; Howard, see Howard 
lectures ; Juvenile, see Juvenile lectures 

Lee-Warner, Sir William, K.C.S.I., presentation of medal 
to, for his faper on our work in India in the toth century, 15; 
chair, Juvenile lectures, 97; chair, metalliferous mining in 
India, 153; disc., Madras, the southern satrapy, 485 

Lewis, Valentin T., annual meeting, 616 

Liberty, Lasenby, presentation of medal to, for his faper on 
English furniture, 15 

Library, additions to the, 748 

Light, artificial, of the same character as daylight, effer, 
W. M. Gardner, 67 

Lighthouses, Australian, 546 

Lightning, protection of buildings from, 54:5, 783 

Loder, Francis F., ætter, manufacture of cocoanut butter, 700 

London street communications, 709 

Longden, H., disc , cameos, 146 

Lovibond, J. W., disc., photography of natural colours by 
the McDonough-Joly method, 136 

Lubbock, Sir Nevile, K.C.M.G., paper, British West Indies, 
537 

Lyall, Sir Charles James, K.C.S.I., leffer, railways and 
India, 301 


“4 


M. 


Macadam, Dr. Stevenson, od:tuary, 195 

McDermott, Frederick, faper, some features of railway 
travelling, past and present, 222 

Mackrow. G. C., disc., the Thames steamboat service, 464 

Macquoid, Percy R., R.I., safer, evolution of form in English 
silver plate, 323; award of silver medal for his faper, 592 

Madagascar, rafia fibre in, 285 

, tea and coffee production in, 84 


aVorsm 527 13, 190%. 
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Madras, forestry in, Leffler by Sir G. King, 620; Zetter, George | MerTINGS, ORDINARY (continued) :— 


Cadell, 676 
——, the southern satrapy, Jafer by J. D. Rees, 469 
— —— presidency, Zeffer by Sir George Birdwood, ¢51 
Magnus, Sir Philip, disc., school work in its -relation to 
business, 497 
Malaria and mosquitoes, faper by Major Ronald Ross, 18; 
letter, J. Donald, 55 ; proceedings at Lagos, 740 
Mance, Sir Henry, C.I.E, disc., the Greek retreat from 
India, 43t 
Marble industry (Carrara), 393 
Marconi, Guglielmo, paper, syntonic wireless telegraphy, 505 ; 
award of silver medal for his fager, 592 
Marks, Mrs., /effer, motor bicycles, 19t 
Marsh, J. B., disc., cameos, 146 
Marshall, A. W., disc., motor bicycles, 191 
Marshall, Mrs. Marian, obituary, 415 
Matthews, J. E., disc., the Thames steamboat service, 465 
Maud, W. T., pager, the siege of Ladysmith, 57 
Maunder, E. Walter, Juvenile lectures, eclipses, 85, ¢7 
Maxim, Sir Hiram, disc., modern artillery, 284 
Mayhew, Mark, disc., road traction, 40 
Mepats :— 
Presentation of, session 1899-1900, 15 
Albert medal, list of awards, 269, 289; award accepted by 
the King, 537; presentation to the King at Marlborough- 
house, 59t : annual report, 608 
Society's silver medals for papers read session 1899-1900, 
presented 15; 1900-1901, 591; annual report, 609; new 
medals and die by Emil Fuchs, 612 
See also “ Prizes.” 


MEETINGS OF THE 147TH SESSION: — 
Postponement of meetings in consequence of the death 
of Queen Victoria, 141, 153 
ANNUAL MEETING, not.ce, 569, 591; report of mecting, 
6or 
Avptieo Aart Section (see “ Art, applied ”) 
COLONIAL SECTION (see *‘ Colonial ’’) 
` Inpian Suction (see “Indian ”) 


— ORDINARY :—~ 

Annual report, 603 

ist Meeting :—Opening address, “ The origin, develop- 
ment, and aims of our scientific societies," by Sir John 
Evans, K.C.B., F.R.S., § 

snd Meeting :—“Malaria and mosquitoes,” by Major 
Ronald Ross, 17 

3rd Meeting :—“ Road traction,” by Prof. H. S. Hele- 
Shaw, LL.D., F.R.S., 30 

4th Meeting :—* The treatment of London sewage,” by 
Prof. Frank Clowes, D.Sc., 45 

Sth Meeting :—* The siege of Ladysmith,” by W. T. 
Maud, 57 

6th Meeting :—*“ Photography of natural colours by the 
McDonough- Joly method,” by H. Snowden Ward, 131 

7th Meeting :—* Some experiences of motor bicycles,” 
by Joseph Pennell, 181 

8th Meeting :—‘‘ Arsenic in beer and food,” by William 
Thomson, F.R.S.E., F.1.C., 197 

oth Meeting :—“* Some features of railway travelling, past 
and present,” by Frederick McDermott, 221 

10th Meeting :—“ The outlook of the world’s timber 
supply,” by Dr. W. Schlich, C.I.E., 248 

11th Meeting :—‘‘ Modern artillery,” by Lieutenant 
Arthur Trevor Dawson, late R.N., 271 

12th Meeting :—‘‘ The proposed high-speed electrical 
‘monorail’ between Liverpool and Manchester,” by 
Fritz B. Behr, Assoc.Inst.C.E., 305 

13th Meeting :—*“ Evolution of form in English silver 
plate,” by Percy R. Macquoid, R.I., 323 

14th Meeting :—“ Clocks, carillons, and bells,’ by A. A. 
Johnston, 359 

-igsth Meeting:—‘‘ The synthesis of indigo," by Trof. 

Kaphael Meldola, F.R.S., 397 


16th Meeting :—‘‘ Patent law reform,” by Alexander 
Siemens, 431 
17th Meeting :—*“ Thames steamboat service,” by Arnold 
F. Hills, 453 
18th Meeting :—“ School work in relation to business,’ 
by Sir Joshua Fitch, LU.D., 488 
19th Meeting :—‘‘Syntonic wireless telegraphy,” by 
Guglielmo Marconi, 505 
2oth Meeting :—“ Testing and training distant vision, 
with special reference to military requirements,” by R. 
Hrudenel] Carter, F.R.C.S., 522 
Meldola, Prof. R., faper, the synthesis of indigo, 397; award 
of silver medal for his afer, 592 
Members, list of, ofice, 86; annual report, 615 
Memorial tablets, annual report, 612 
Metal workers’ school in Saxony, 832 
Metalliferous mining in India, faper by Dr. John W. Evans, 
153; defters, Dr. Evans, 176; A. Rogers, 177: W. Sowerby, 
193 
Michael, General J., Zetter, the world’s timber supply, 330 
Mineral development in the Urals, 600 
oils, 724 
——— springs of Austria, 617 
wealth of Bolivia, 723 
Minerals of Morocco, 700 
Mines and quarries, 1900, 315, 745 
Mining (metalliferous) in India, faper by Dr. John W. Evans, 
153; deffers, Dr. Evans, 176; Alexander Rogers, 137; W. 
Sowerby, 193 
Monorail, proposed high-speed electrical, between Liverpoo! 
and Manchester, 305; /e//ers, Sir F. Bramwell, 331 
Montagu, Sir Samuel, Bart., chair, evolution of form in 
English silver plate, 323 
Morocco, minerals of, 700 
Mosaic, historical developments of the art of, 208; Jeffers by 
Sir G. Birdwood, 265, 315 
Mosquitoes, malaria and, faper by Major Ronald Ross, 18; 
letter, J. Donald, 55 ; proceedings at Lagos, 740 
Motor bicycles, some experiences of, faper by Joseph 
Pennell, 18: 
Motor traffic, development of, 768 
Motors (petroleum) for fishing vessels, 700 
Moulton, Fletcher, K.C., M.P., disc., patent law reform 4:2 


‘Mumford, James, disc., school work in its relation to business, 


499 
Murray, Alexander Stuart, LL.D., chatr, cameos, 141 


Music, Hans Wagner's new system of notation, 501 
Musical strings (gut), manufacture of, 41 


N. 


New South Wales, iron in, 519 

» leather in, 42 

—, pastures of, 534 

» precious stones of, 722 

—, shipping trade of, 684 

, Vine in, 413 

Nickel industry in Canada, 329 

Nordenskiöld, Baron, ods/uary, 736 

Norman, Henry, M.P., désc., the China crisis, 746 

Norman, Sir Henry W., G.C.B., chair, the British West 
Indies, 537 


ed 


Osrtvary :— 
Report of council, 614 
Armstrong, Lord, C.B., F.R.S., 5 
Baden- Powell, B. H., C.I.E., 138 
Bernard, Sir Charles E., K.C. 
Boyle, Sir Courtenay E., K.C.B. 
Buckland, Charles, 380 
Cates, Arthur, F.R.I.B.A., 536 
Cobb, B. Francis, 414 
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OBITUARY (continued) :— 


Corbett, John, 467 

Cotton, Major-General F. C., 820 
Farmer, John, 676 

Fitzgerald, Prof. G. F., F.R.S., 286 
Macadam, Dr. Stevenson, 195 
Marshall, Mrs. Marian, 415 
Nordenskidld, Baron, 736 
Rodocanachi, M. E., 600, 640 
Rowland, Prof. H. A., 520 
Stainer, Sir John, Mus.D., 394 
Starley, J. K., 856 

Walford, Colonel, R.A., 856 
Whittington, Rev. Prebendary, 16 


Oils (mineral), 724 

Opal mining in Australia, 685 

Orange, cultivation of the Jaffa, 639 

“ Owen Jones” prizes, annual report, 609; list of awards, 
737 ; notice, 749 

Ozokerite, or mineral wax in Austria, 712 


P. 


Packard, E., Zetter, arsenic in beer and food, 231 

Palestine, Jewish and German colonies in, 547 

Pastures of New South Wales, 534 

Patent law reform, aper by Alexander Sicmens, 431; 
letters, A. Siemens, 443, R. Wood, 467 

Patron of the society, the King accepts the office, 381, 6ca 

Pavements (asphalt) and electric tramways, 84 

Pearl fisheries (Bahrein), 314 

Pearls, Venezuelan, 699 

Peat wood in Austria, 724 

Pennell, Joseph, afer, some experiences of motor bicycles, 
18r 

Persia, commercial condition of, 43 

Petrie, Prof. W. F. Flinders, presentation of medal to, for 
his aper on a national repository of science and art, 
15; faper, riso and development of Egyptian art, 593 

Petroleum motors for fishing vessels, 700 

Photography of natural colours, by the McDonough-Joly 
method, paper by H. Snowden Ward, 132 

Poel, William, disc., true principles of stage scenery, 453 

Pollock, Sir Frederick, Bart., disc., the commonwealth of 
Australia, 392 

Polyphase electric working, Howard lectures, by A. C, 
Eborall, 749, 761, 773» 785, 797, 809, 82t, 833; syllabus, 395 

Pope, W. J., Cantor lectures, bearings of geometry on the 
chemistry of fermentation, 677, 690, 701, 713; syllabus, 196 

Population of Europe, 782 

—, new population and new markets, 855 

Portraits of members, 287 

Portugal, commercial conditions of, 151 

Post-office, 1901, 744 

Pottery decoration, recent advances in, safer by William 
Burton, 213 

Precious stones of New South Wales, 722 

——-——-, testing, 723 

Precce, Sir William H., K.C.B., F.R.S., chair, high-speed 
electrical monorail between Liverpool and Manchester, 
305; annual meeting, 616; elected chairman of council, 641 

President of the society, Sir Frederick Bramwell elected, 381; 
annual report, 602 


PRIZES :— 
Drawing Society, report of council, 609 
Owen, Jones, report of council, 609; list of awards, 737; 
nolice, 749 


Q. 
Quinlan, John E., disc., British West Indies, 544 


R. 


Rafia fibre in Madagascar, 285 
Railway (electric), Gereva-Chamouni, 517 


Railway (electric), proposed high-speed electrical monorail 
between Liverpool and Manchester, faper by F. B. Behr, 
303 ; /ełter, Sir F. Bramwell, 331 

travelling, past and present, some faatures of, faper 
by Frederick McDermott, 222 

Railways, Belgian vicinal, 66, 639 

(electric), Canfor lectures by Major P. Cardew, 
641, 653, 665; syllabus, 288 

and famine, azer by Horace Bell, 290 

Ravenshear, A. F., disc., testing and training distant vision, 
$33 

Rawson, Christopher, presentation of medal to, for a faper 
or the cultivation, manufacture, and use of indigo, 15 

Read, Charles H., F.S.A., chair, recent advances in pottery 
decoration, 213 

Reading Room, Contributions to, 865 

Rees, J. D., C.I.E., disc., metalliferous mining in India, 174 ; 
disc., growth and trend of Indian trado, 356; paper, 
Madras, the southern satrapy, 469; award of silver medal 
for his paper, 592 

Rideal, Dr. S., disc., treatment of London sewage, 50 

Road traction, aper by Prof. H. S. Hele-Shaw, 32 

Roads and railroads in Spain, 568 

Roberts, Col., disc., recent advances in pottery decoration, 
219 

Roberts, Sir Owon, chair, schcol workin relation to business, 
488 

Roberts-Austen, Sir W., K.C.B., F.R.S., disc., modern 
artillery, 284; notice of Cantor lectures on alloys, 846 

Robins, J. G., disc., railway travelling, past and present, 230 

Robinson, Sir William, G.C.M.G., disc., the China crisis, 234 

Rodocanachi, M. E., ob:/sary, 600, 640 

Rogers, Alexander, disc., malaria and mosquitoes, 26; Jeffer, 
metalliferous mining in India, 177 

Romanesque architecture in North Italy, some examples of, 
paper by Hugh Stannus, 369 

Room, H. H., death of, annual meeting, 616 

Roscoe, Sir Henry, F.R.S., chazy, the synthesis of indigo, 
397 

Rose, Dr. T. Kirke, Cantor lectures, alloys, 846, 858; 
syllabus, 846 

Ross, Major Ronald, ager, malaria and mosquitoes, :8; 
award of silver medal for his aper, 591 

Rowland, Prof. H. A., LL.D., ods¢uary, 520 

Russian forests, 855 


om. 


S. 
Sahara desert, trade in the, 285 
Salamon, Gordon, disc., arsenic in beer and food, 2:5 
Salter, P., disc., clocks, carilions, and bells, 366 
Sassoon, Sir Edward, Bart., M.P., chazr, the China crisis, 


2 

SEE metal workers schoolin, 832 

Schlich, Dr. W., C.LE., pager, the outlook of the world’s 
timber supply, 249; award of silver medal for his pager, 
591 ; Zetters, forestry in India, 735, 784 

School work in relation to business, faper bv Sir Joshua 
Fitch, 488 

Schools (industrial) in Germany, 500 

Scott, Clement, charr, true principles of stage scenery, 445 

Seaton, Dr., disc., treatment of London sewage, 53 

Sennett, A. R., disc., road traction, 40 

Sessional arrangements, 1900-1901, 1; 1G01-1902, 845, 837 

Sewage, treatment of London, safer by Dr. Frank Clowes, 45 

Shawl manufacture in India, 686 

Shipping trade of New South Wales, 684 

Shoolbred, James N., disc., high-speed electrical monorail 
between Liverpool and Manchester, 314 

Siberia (eastern), fishing industry of, 710 

Siemens, Alexander, disc., the outlook of the world's timber 
supply, 264; paper, patent law reform, 431; Zetter, 4433 
thanks of council for his safer, 592 

Silver plate, evolution of form in English, paper by Percy 
R. Macquoid, 323 


November 15, 1901.) 


Shrine, F. H., disc., Madras, the southern satrapy. 486 

Sladen, Douglas, disc., photograpby of natural colours by 
the McDorough-Joly method, 137 

Smith, James F., disc., the Thames steamboat service, 465 

Societies (scientific), origin, development, and aims of 
chairman’s address, by Sir John Evans, K.C.B „E.R.S 7; 
letter, Bennett H. Brough, 27 

Sound signals, experiments with, 675 

Sowerby, W., Zetter, metalliferous mining in India, 193 

Spain, coffee cultivation in, 7243 

„iron industry in, 84 

, roads and railroads in, 568 

Spiers, Phené, disc, recent advances in pottery decoration, 
215, disc., Romanesque architecture in North Italy, 379 

Sponge fisheries of Cuba, 686 

Stage scenery, true principles of, paper by Percy F itzgeraid, 
445 

Stainer, Sir John, Mus.D., obituary, 394 

Stannus, Hugh, disc., true principles of stage scenery, 452; 
paper, some examples of Romanesque architecture in North 
Italy, 369; award of silver medal for his pager, 592 

Starley, J. K., obituary, 856 

Steamboat service (Thames), paper by Arnold F. Hills, 454 

Steele, Robert, saver, early playing cards, their design and 
decoration, 317 

Stevens, Sir Charles Cecil, K.C S.1., disc., metalliforous 
mining in India, 175 ; Zetter, railways and India, 302; disc., 
coal problem, 566 ; town and island of Bombay, 583 

Stopes, H., disc., arsenic in beer and food, 206 

Strachan, Dr. Henry, disc., malaria and mosquitoes, 25 

Strathcona and Mount Royal, Lord, G.C.M.G., disc., the 
commonwealth of Australia, 390 

Sugar—canes, Indian, by F. N. G. Gill, 147 

—, valuation of, by F. N. G. Gill, 662 

Sutton, J. W., disc., testing and training distant vision, 533 

Swan, J. W., F.R.S., disc., testing and training distant 
vision, 533 

Sweden, school gardens in, 676 

, iron, steel, metal, and coal industries, 720 

Swiney lectures, 772 

Swinton, A. A. Campbell, disc., motor bicycles, 190 


T. 


Tadd, J. Liberty, Cantor lectures, elementary art education 
[abstract], 725; syZ/abws, 112, 140 

Taylor, H. C., disc., metalliferous mining in India, 175 

Tea and coffee production in Annam and Madagascar, 84 

— and coffee consumption of the world, 684 

Telegraphy, syntonic wireless, pape? by Guglielmo Marconi, 
506 

Temple, Right Hon. Sir Richard, Bart., G.C.S.I., disc., 
growth and trend of Indian trade, 355 

Thames steamboat service, paper by Arnold F. Hills, 454; 
letter by H. Karcroft, 519 

‘Thomas, Carmichael, elected member of council, 17; thanks 
to chairman, annual meeting, 617 

Thomson, Prof. John M., F.R.S., chatr, testing and training 
distant vision, 522 

Thomson, William, F.R.S.E., fager, arsenic in beer and food, 
198 

Thornycroft, John I., E.R.S., disc., road traction, 38 ; disc., 
some experiences of motor bicycles, 189; disc., patent law 
reform, 441 

Timber supply, outlook of the world’s, faper by D. W. 
Schlich, 249; correspondence from the ‘‘Times,’’ 286; 
letter, J. Michael, 330 

Tinplate industry of the United States, 685 

Tozer, Henry John, paper, the growth and trend of Indian 
trade, 333; award of silver medal for his afer, 592 

Tracy, J. I., disc., malaria and mosquitoes, 26 

Trade, geographical conditions affecting British, 795 
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Trade, (Indian), growth and trend of, paper by H. J. Tozer, 
333; Zetter, F. C. Danvers, 394 

Tramways act, 1870, economic effect of, 770 

— (electric), and asphalt pavements, 84 

Transcaucasia, viticulture in, 42 

Treasurers’ statement of receipts and payments for the year 
ending May 31st, 1901, 589 

Tuberculosis, British congress of, 415 


U. 


United States, artificial ice production in, 535 

-——, gold fish industry, 230 

, tinplate industry of, 685 

Urals, minoral development in the, €02 

Vv. 

Vallance, Aymer, disc., early playing cards, 323 

Venezuelan pearls, 699 

Vezey, John Jewell, scrutineer, 602 ; annual meeting, 616 

Victoria (Queen), postponement of meetings in consequence 
of her Majesty’s death, 141,133 ; address of the society tothe 
King, 153; annual report, 602 

Vincont, Sir Edgar, K.C.M.G., M.P., disc., the China crisis, 
245 

Vine culture of the world, 741 

in New South Wales, 413 

Vision, testing and training distant, faper by R. Brudenell 
Carter, F.R.C.S., §22; Zetters, C. F. Forshaw, 533; W. V. 
Black, 5£8 


wW. 


Wagner's, Hans, new system of notation, 501 

Walford, Colonel R. A., obituary, 856 

Walker, Sidney F., /e¢fer, coal problem, 567 

Walton, Joseph, M.P., safer, the China crisis, its causes and 
its solution, 233; disc., railways and famine, 297 

Ward, H. Snowden, paper, photography of natural colours 
by the McDonough-Joly method, 132 

Waterhouse, Major-General J., letter, synthesis of indigo, 412 

West Indies (British), afer by Sir Nevile Lubbock, K.C .M.G., 
537 

Wheeler, Oswald, disc., malaria and mosquitoes, 26 

Whittington, Rev. Prebendary, obituary, 16 

Wilde, S. J., disc., metalliferous mining in India, 174 

Wilson, Alexander, disc., Thames steamboat service, 465 

Wilson, Prof. C. A. Carus, disc., high-speed electrical mono- 
rail between Liverpool and Manchester, 313 

Wilson, Edmund, presentation of medal to, for his faper on 
the bousing of the poor, 15 

Wine production in Transcaucasia, 42 

Wise, Lloyd, disc., patent law reform, 440 

Wolfe-Barry, Sir John, K.C.B., F.R.S., vote of thanks to 
Sir John Evans, 15; charr, railways and famine, 290 

Women, vocations of, Germany, 66 

Wood, Sir Henry Trueman, Secretary, disc., photography of 
natural colours by the McDonough-Joly method, 136; 
chair, clocks, carillons, and bells, 359; disc., the synthesis 
of indigo, 412; disc., school work in its relation to business, 
498; disc., testing and training distant vision, 533; annual 
meeting, 616 

Wood, Reginald, Ze¢fer, patent law reform, 467 

Wood, Prof. R. W., presentation of medal to, for his paper 
on the diffraction process of colour photography, 15 

Wood, W. Martin, Zetfer, railways and famine, 304; disc., 
Thames steamboat service, 464; disc., town and island of 
Bombay, 588 

Wood-carving, school of art, 1900, 545 

Woods, Australian hard—jarrah and karri, 737, 760 

Wrightson, Sir Thomas, Bart., M.P., disc., coal problem, '64 


Y. 


Yangtse (Upper), steam trafic and trade of, 792 
Younghusband, Capt. F. E., C.I.E., disc., the China crisis, 246 
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